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PREFACE

Releasing the Global Innovation
Index 2014: Nurturing the Essential
Human Factor in Innovation

We are pleased to present the Global Innovation Index
(GII) 2014. This year, the theme of the report is the
‘Human Factor in Innovation’. The GII 2014, in its 7th
edition, is again co-published by Cornell University,
INSEAD, and the World Intellectual Property
Organization (WIPO, a specialized agency of the
United Nations).

The GII recognizes the key role of innovation as a
driver of economic growth and well-being. It aims to
capture the multi-dimensional facets of innovation and
to be applicable to developed and emerging economies
alike. In doing so, it helps policy makers and business
leaders move beyond one-dimensional innovation met-
rics towards a more holistic analysis of innovation driv-
ers and outcomes.

Over the last seven years, the GII has established itself
as a leading reference on innovation. When launching
this same report last year, United Nations Secretary-
General Ban Ki-moon stressed that the GII is a ‘unique
tool for refining innovation policies ... for providing an
accurate picture on the role of science, technology and
innovation in sustainable development’, and for assessing
where more efforts are urgently needed.

We like to think of the GII as a ‘tool for action’
for decision makers with the goal of improving coun-
tries’ innovation performances. Numerous workshops
in different countries have brought innovation actors
together around the GII results with the aim of improv-
ing data availability, boosting the country’s innovation
performance, and designing fresh policy actions that are
targeted for effective impact. These exchanges on the
ground also generate feedback that, in turn, improves
the GIIL.

The theme of this year’s GII, the ‘Human Factor
in Innovation’, explores the role of the individuals and
teams behind the innovation process. Statistically cap-
turing this human contribution to innovation is a daunt-
ing challenge. Even more complex are the challenges
faced by all those who try to properly nurture the human
factor in innovation.

The Global Innovation Index

©WIPO, 2013. Photo by Emmanuel Berrod.

Great efforts have been made to foster the avail-
ability of scientists and engineers in the developed and
the developing world alike. But important gaps remain
between rich and poor countries. Top talents continue
to be scarce, and they cluster and grow around top
infrastructure and institutions. Still, the availability and
mobility of human capital worldwide has changed for
the better in the past two decades, and with it the geog-
raphy of innovation.

Workers with advanced degrees are an essential start-
ing point for innovation. Yet their existence does not
guarantee scientific or technological breakthroughs or
other forms of non-technological or social innovations.
Creative and critical thinking, and the appetite for tak-
ing risks and thinking entrepreneurially, often matter
at least as much as technical qualifications. In addition,
innovation is spurred by having favourable conditions in
which actors and society are open to new approaches.

Putting the right environment in place that will nur-
ture, promote, and enable the human factor behind busi-
ness and social innovation is a complex task, but a criti-
cal one. There are many strands of action in the field of
education, training, and skill formation; in collabora-
tion; in the diffusion of knowledge; and in other areas, as
described in this report. A particularly interesting issue
concerns implementing new policies to help developing
and developed countries retain, involve, or attract talent,
sometimes by involving their skilled diaspora abroad in
national innovation activities. A few developing coun-
tries have put these approaches into practice, generat-
ing lessons that can be refined and applied elsewhere.

This year the changes to the GII innovation frame-
work are less numerous than in recent years. This is a
sign of the increased stability of the measurement frame-
work. At the same time, the journey to more effective
innovation measurement is far from over. The GII team
continually tests the model for relevance to better reflect
an improved understanding of innovation. Thus the GII
is both a user of novel innovation metrics and an effec-

tive ‘demandeur’ for further measurement exercises.
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We hope that the collective efforts of all members and
users of the GII project will continue to pave the way for
better innovation policies around the world. We thank
our Knowledge Partners in 2014, the Confederation of
Indian Industry, du, and Huawei as well as our Advisory

Board Members for their support.
SoumiTra DutTA
Dean, Samuel Curtis Johnson Graduate School of Management, Cornell University

Francis Gurry
Director General, World Intellectual Property Organization

Bruno Lanvin
Executive Director, European Competitiveness Initiative, INSEAD




FOREWORD

The Human Factor: The Fundamental
Driver of Innovation

The fundamental driver behind any innovation process
is the human factor associated with it. We observe that
some nations take the lead in innovation capability over
others. A major factor for this disparity of innovation
prowess is the quality of human capital linked to the
innovation activities carried out in these nations. Other
factors, such as technology and capital, also influence
the innovation process; these directly correlate with the
human factor. Hence nurturing human capital at all lev-
els and in all sections of society can be crucial for devel-
oping the foundation for innovation.

Across the world, talented human capital is formed in
two primary ways. First, each nation creates the infra-
structure (by creating schools and colleges and other
academic/R&D institutions) to enhance the knowl-
edge of its population in various technological and non-
technological fields of study by providing both basic
and advanced teaching and R&D facilities. Second, a
nation attracts talented human capital from other parts
of the world by providing suitable incentives, and then
grooms and employs these workers in various innova-
tion activities. The nation that can nurture and attract
the best talent becomes the innovation trendsetter. For
example, the United States of America has successfully
built its innovation ecosystem by attracting the best
brains in the world. US universities have been excep-
tionally effective in their quest to engage some of the
most prominent people in the world, and have simul-
taneously created an ecosystem for entrepreneurs who
have been able to establish some of the globe’s biggest
organizations. The crux of this success has always been
the people who have been able to find the right kind of
incentives in the US system that allow them to pursue
their innovation dream.

In today’s world, innovation is a subject of great
importance because it stimulates sustainable growth in a
highly competitive market. Scholars across the world are
studying innovation in great detail and trying to deter-
mine the different parameters that influence its behav-
iour. Actors such as institutions, industry, academia, and

government, along with factors such as R&D, fund-
ing, incubation, mentoring, infrastructure, markets,
and businesses, have all been identified as crucial to any
innovation ecosystem. But at the heart of all innovation
lies the human factor, identified as its soul and purpose.
The message is very clear: in order to build an innova-
tion-driven nation we need to educate our people well,
and to provide them enough resources and incentives to
chase their dreams. Innovation will follow. India, with
its billon plus population—the youngest population in
terms of the number of people below the age of 30—is in
a position to create unprecedented opportunities domes-
tically as well as globally to drive future innovations. But
this can happen only if India can drive its human capital
effectively towards a knowledge economy.

The theme of the current edition of Global
Innovation Index is very apt. It tries to capture the
nuances of the human factor that is responsible for
innovation and growth. The different chapters of this
report illustrate how human capital influences innova-
tion trends and how nations in the developing world
struggle to innovate to their full potential by providing
inadequate infrastructure for education. Chapter 4, for
example, presents the case of India, which now has an
opportunity to make its education system into a source
of high-quality graduates in areas such as engineering,
basic sciences, and liberal arts; these highly qualified
workers will contribute to India’s innovative capacity.

I thank the entire GII team and all other Knowledge
Partners in this report for coming up once again with
this wonderful edition. I feel humble to have been part
of this report for last few years and hope that this edition
of the GII, like all previous editions, may strengthen the
tools of policy makers across the world to enable them

to make the right decisions for stimulating innovation.
Thank you.

CHANDRAJIT BANERJEE
Director General
Confederation of Indian Industry
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FOREWORD

The Connected Human Factor:
The Heart of Innovation

Throughout the last decade, the United Arab Emirates
(UAE) has made great strides in diversifying its econ-
omy, enabling it to establish its next growth chapter
through its strategic plan, Vision 2021. The vision calls
for the UAE to transform its economy into one where
growth is driven by both knowledge and innovation.
And with Dubai winning the right to host Expo 2020
and its ambition of becoming the global capital of the
Islamic economy, the UAE is on the fast track to achiev-
ing its objectives.

It is without a doubt that this year’s theme, the
‘Human Factor in Innovation’, is at the centre of the
UAE government’s Vision 2021 of becoming a knowl-
edge-based economy. A core pillar of this vision is
to actively embed digital solutions in everyday lives
to guarantee efficient connectedness among citizens,
researchers, entrepreneurs, businesses, and govern-
ment. Connectivity and broadband have become essen-
tial requirements for human well-being, and the people
of the UAE are continuously and increasingly inspired
by the vision of the nation’s leadership as the country
progresses towards a ‘smart’ future. The UAE’s Smart
Government and Dubai’s Smart City initiatives will
pave the way for some of the most innovative digital
applications available, which in turn will further enable
the human factor through better, faster, and smarter
communication and knowledge diffusion. That is what
a smart city is all about—creating a better life for people
in a happier, more connected world.

We at du are proud to play an active role in support-
ing the achievement of the UAE’s vision by accelerating
innovation and helping to make it accessible to every-
one. Connected innovation—in particular the benefits
of connectedness for the human factor in innovation—is
at the heart of du and the company’s aspirations.

We are working extensively with our partners to
create citizen-centric services, smart devices, and con-
nected ecosystems that will benefit our whole com-
munity. These solutions are not only in line with the

national vision, but will also become the showcase for

international cities aspiring to become digital-enabled.
They will empower and facilitate creativity, business
acumen, interaction, and the lives of all UAE residents
and tourists.

As a key player in the UAE’s economy, we are work-
ing hand-in-hand with national and international play-
ers to ensure that the country’s innovation ecosystem is
conducive for the next evolution as described in Vision
2021. We have a dream of connected innovation and
want to share it with everyone. We owe it to our lead-
ers, our citizens, our customers, our employees, and our-
selves to ensure that the country can enjoy the bene-
fits of a knowledge-based economy, powered by con-
nectedness. The GII 2014 report provides tools that we,
and every economy wanting to enhance its innovation

capacity, can use.

OSMAN SuLTAN
Chief Executive Officer
du
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FOREWORD

Human-Centric Innovation: Inspired
Talent Is the Engine of Innovation

Humans have always improved life through innovation.
From the discovery of fire to electricity, the Internet and
beyond, new thinking is fundamental to social progress
and economic growth. At its most effective, innovation
is an inherently human endeavour. Successful innova-
tion happens when people with skills, experience, and
capabilities come together to understand or predict, and
then address, other people’s challenges. Talent, like cap-
ital and technology, is a key success factor for innova-
tion. Inspiring potential talent will drive innovation
and growth.

Education is a fundamental element in innovation
and access to both basic and vocational education is key
to talent development. Countries should invest more in
education, building the human infrastructure to drive
innovation and growth. Itis equally important for indus-
tries and businesses to get involved in enhancing educa-
tion systems. Advances in information and communica-
tion technologies (ICT) in recent years played a crucial
role in transforming traditional education and making
it more accessible, affordable, and effective globally. To
support this, Huawei developed Telecom Seeds for the
Future, a programme to develop local ICT talent, pro-
mote understanding and interest in ICTs, and develop
participation in the digital community. Through this
programme we have established 16 training centres
where over 10,000 ICT students worldwide have been
trained.

Businesses should build platforms for talent to thrive.
Solid education sets the foundation for talent’s future
growth but is only the beginning. Professional practices
in businesses and organizations are more important in
cultivating talent. At the same time, success of talent
brings business success. That is why Huawei is build-
ing a global platform for talented people to work and
innovate together, share the value created, and realize
their dreams.

Under Huawei’s talent pyramid model, young pro-
fessionals can grow on either our management or subject

expert tracks. We encourage innovation by electing our

most exceptional thinkers as prestigious Huawei Fellows
and our layered reward model with tangible and intan-
gible benefits enables high-performing employees to
share in short-term monetary returns as well as long-
term incentives. We also tailor policies and training to
best suit different cultures and talent types, and we help
employees better understand and live our core corpo-
rate values.

Global innovation needs global talent. To be success-
ful in business today, when capital, goods, talent, and
knowledge move quickly around the world, we need to
treat global markets as a single market, building global
value chains that integrate the world’s best resources. By
doing this, local innovation is promoted and used glob-
ally, making local innovation truly valuable in the global
ecosystem. Huawei has put this theory into practice by
integrating the world’s top resources. Our 16 R&D cen-
tres in resource-rich locations, 28 joint-innovation cen-
tres, and more than 40 professional competency centres
transform our global value chain into a larger global
innovation platform that enables customers worldwide
to access innovations from all over the world in the
shortest time possible.

We are proud to be a Knowledge Partner for the
Global Innovation Index in 2014 and explore the role
and highlight the importance of human capital in fos-
tering innovation. Like many institutions around the
world, we are focused on finding and sharing best prac-
tice and developing and nurturing our most important
resource, our people. The 2014 GII report will further
the discussions needed among people so we can learn
from each other and create an open and effective innova-
tion environment. For Huawei, our commitment helps
us deliver a major objective—to enable better connected
people, societies, and countries, and ultimately a better

connected world.

Ken Hu
Deputy Chairman
Huawei
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EXECUTIVE SUMMARY

Executive Summary

The Global Innovation Index (GII) 2014 covers 143
economies around the world and uses 81 indicators
across a range of themes. Thus, the GII 2014 presents
us with a rich dataset to analyse for global innovation
trends. The theme for this year’s GII is the ‘Human
Factor in Innovation’. The importance of both indi-
vidual and collective efforts of creators and scientists in
the innovation process has been well documented in the
literature. The results of the GII provide additional evi-
dence of this significance.

This report presents chapters that discuss different
aspects of the index and the theme, followed by appen-
dices that provide the data from individual data tables for
each indicator, a profile for each of the countries/econ-
omies covered this year, detailed information about the
sources and definitions of each indicator, and technical
notes about the composition of the index.

Below we provide a summary of the chapters.

Chapter 1, ‘The Global Innovation Index 2014:
Nurturing New Sources of Growth by Developing
the Human Factor in Innovation’ written by Soumitra
Dutta, Rafael Escalona Reynoso, and Alexandra L.
Bernard from Cornell University; Bruno Lanvin from
INSEAD; and Sacha Wunsch-Vincent from WIPO,
introduces the theme of the human factor and discusses
the results of this year’s rankings. The material below
summarizes the key findings from the chapter:

* The need to gather more knowledge of, and a better
understanding of, the role that the human factor—
along with technology and capital—plays in innova-
tion is critical. Statistically and analytically capturing
this contribution and nurturing it through adequate
education, training, and motivation in schools, uni-
versities, businesses, civil society, and the govern-

ment itself is a challenge.

* As of 2013, a fall in the growth of public R&D sup-
port coupled with the continued hesitancy of com-
pany R&D expenditures seems to be leading to

slower overall growth of total R&D expenditures

worldwide; this is the case especially in high-income
countries. If indeed future-oriented policies aimed at
stimulating innovation and new sources of growth
are not widely pursued, hopes for sustained global
growth could be dashed.

The top 10 economies in the GII 2014 edition are
Switzerland, the United Kingdom (UK), Swe-
den, Finland, the Netherlands, the United States of
America (USA), Singapore, Denmark, Luxembourg,
and Hong Kong (China). Nine of these economies
were already in the GII top 10 in 2013; Ireland,
which was 10th in 2013, dropped to 11th this year,
and Luxembourg climbed up into the top 10 from
12th position in 2013.

The GII 2014 confirms the continued existence
of global innovation divides even within income
groups. All top 25 economies are in the high-
income group. China and Malaysia are the only
upper-middle income countries getting closer to
these ranks.

Sub-Saharan Africa is the region that sees the most
significant improvement in GII rankings in 2014.
Thirty-three countries make up the region in the
GIIL. Of these 33, 17 climb in the rankings this year,
three remain in the same position, two new coun-
tries are added, and the remaining 11 exhibit a drop

in rank.

Regional trends in the GII 2014 show some interest-
ing new aspects. The BRICS economies show signs
of divergence, with China improving at a signifi-
cantly faster pace than its BRICS counterparts and
India slipping back. If China continues to improve
at this pace, it would not be a surprise to see it move
from its current 29th position to within the top 25
within a few years. The divergence of India from
the rest of the BRICS economies is the result of the
challenges it faces in integrating its efforts along the
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different dimensions of innovation to sustain a high

level of innovation success.

In Chapter 2, ‘The Human Factor in Innovation’,
Martin Schaaper from the UNESCO Institute for
Statistics analyses and discusses major global trends
related to the presence of skilled labour in countries. In

particular, he makes the following points:

* The more developed the region, the higher the per-
centage of the population that have completed ter-

tiary education.

* More and more students are enrolling in tertiary

education.

* On tertiary enrolment, again the richer regions are
far ahead of the poorer regions, in particular Sub-
Saharan Africa.

* The regions with the highest numbers of people
with tertiary education and with the highest enrol-
ment ratios in higher education are also those with
the most researchers as a proportion of the total pop-

ulation.

* Economies that are catching up are more dependent
on technology transfer than they are on original
R&D.

* R&D is generally unprofitable in countries with low

levels of human capital.

* A very relevant factor for innovation is the move-
ment of highly skilled people, whether they are stu-
dents or experienced professionals.

* Economies at the lowest levels of development
may be trapped in a vicious circle: low economic
development does not offer a context that provides
enough incentives for young people to pursue higher
education, and without a skilled population, econo-

mies will not grow.

* More information is needed about the demand for
skills by employers and the supply of these skills by
highly educated people.

The chapter also provides some region-specific

statistics:

* The two regions with the highest numbers of people
with a tertiary education and with the highest enrol-
ment ratios in higher education are also the two
regions with the most researchers as a proportion of
the total population: North America and Western
Europe and Central and Eastern Europe

* The highest growth rates in enrolment in tertiary
education are in Asia, with the exception of Central
Asia, where the gross enrolment ratio even decreased
after 2007.

» This region is dominated by China, which has not
only been extensively expanding its higher educa-
tion system, but has enlarged its research system

€ven more.

* The magnitude of the global emigration rate of
highly skilled persons from Africa is striking: it is
estimated at 10.6% (9.7% for migration to OECD
countries), compared with other regions of origin
and the world average of 5.4% (4.3% to OECD

countries).

e The leading countries of origin among immigrants
with a highest degree in science and engineering are
China and India.

Chapter 3, ‘Educating Innovators and Entrepreneurs’
written by Richard Scott and Stéphan Vincent-Lancrin
from the OECD Directorate for Education and Skills,
discusses the necessity of education and skills for success-
ful innovation. The chapter offers some region-specific

observations:

* Countries range from those with comparatively low
test scores and high interest in science (e.g., Mex-
ico) to those with comparatively high scores and low
interest (e.g., Finland), but a few do have relatively

high scores and high interest (e.g., Japan).

* Even in many Asian economies, where education
systems have typically been associated with tradi-
tional learning models and a narrow focus on STEM
subjects, there are signs of new efforts to emphasize

creativity and critical thinking in national curricula.
The chapter concludes:

* Improving skills is one of the most important ways
to raise innovation, productivity, and economic

growth, and to improve social welfare and equality.

* Education systems that narrowly focus on test-based
academic performance and numbers of students
enrolled in science and technology subjects are not
necessarily those that will produce young people
with the creativity, critical thinking, and communi-

cation skills that innovative societies require.

* Analysis of PISA scores highlight a negative corre-
lation between national-level student test scores in

science and interest in science, but certain teaching




activities are able to improve scientific knowledge
without undermining the development of other
skills.

Graduates of tertiary arts programmes are among the
most likely to contribute to product or service inno-

vation.

Evidence of the effectiveness of school-level entre-
preneurship education programmes is mixed; more
work is needed to determine the successful elements

of this type of intervention.

Although many countries are addressing the kinds of
skills needed for innovation in their curricula, school
assessment methods may provide a barrier to their
development.

Chapter 4, ‘Higher Education in India: Growth

with Challenges” written by Naushad Forbes from the

Confederation of Indian Industry and Forbes Marshall

Ltd, describes the characteristics of the higher educa-

tion system in India. In particular, he makes the fol-

lowing points:

Higher education has grown very rapidly in India

over the last 30 years.

Most of the growth has occurred primarily in pro-
fessional fields, especially engineering and manage-

ment.

The growth has occurred in teaching rather than in
research, with public research in India highly con-
centrated in autonomous research institutes instead

of universities.

Most of the growth has been in private institutes

rather than public ones.

Because the most dramatic growth has been in pro-
fessional education such as engineering and manage-
ment, the humanities and social sciences have been

neglected.

India now faces the following challenges: the need
to ensure quality, to build graduate education and
research universities, to provide equity of access, and
to build excellent liberal arts universities.

More useful measures have taken the form of various
schemes to entice Indians with PhDs who are work-

ing overseas to come back home.

Chapter 5, ‘Innovative Activities and Skills” writ-

ten by Leonid Gokhberg and Valentina Poliakova from
the National Research University — Higher School of

Economics, Russian Federation, posits that successful
innovation requires the population to obtain a higher
level of education, to be more creative, and to boost
their ability to perceive essential achievements in sci-
ence, technology, and innovation (STI) and implement
those in daily practices.

Further, the chapter explains:

* Groups of the population that do not participate in
the implementation and consumption of innova-
tion because of the specificities of their jobs and/or
their quality of life are at risk of being left behind by

social exclusion and subsequent backwardness.

* Discrepancies between perception and impact
assessments correlate with an economy’s position
on a transition curve towards a post-industrial,

innovation-based economic model.

* The larger the shares of innovating companies and
allied employment, the more operational the popu-

lation’s function as producers of innovation.

* Children have become a strong factor affecting tech-
nology diffusion, a fact explained by its deepening

penetration into the contemporary lifestyle.

* As shown by the surveys, four types of survey
respondents can be distinguished according to their
attitude towards technological novelties: ‘admirers’
(9%), those who respond ‘positively’ (65%), those
who respond ‘indifferently’ (16%), and those who
respond ‘negatively’ (5%).

* The innovative potential of an individual is not an
instinctive feature, and essential skills for innovation

can be learned.

* National education systems are motivated to trans-
form formal curricula and teaching techniques and
to promote life-long learning aimed at supporting
the innovative patterns of a population’s behaviour
and attitudes.

e There is a need to modernize education systems so
that they will ensure the development of knowledge,
innovative skills, and personal qualities (such as
entrepreneurship, tolerance, self-confidence, leader-
ship, creativity, activeness, and risk propensity) from
early childhood.

* Popularizing innovation and allied novel practices
aimed at upgrading competences and developing an
innovation-friendly environment are also important

components of boosting competitiveness.
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Chapter 6, ‘United Arab Emirates: Fostering a
Unique Innovation Ecosystem for a Knowledge Based
Economy’ written by Ahmad Bin Byat and Osman
Sultan from du, discusses the United Arab Emirates’
(UAE’s) path towards transformation into an innova-
tive economy. The authors find three pillars of innova-
tion in the UAE: human capital, financial capital, and
technological capital. Innovation occurs at the intersec-
tion of these three, and policy in the country is aimed
at enhancing these pillars.

The chapter explains:

* Telecommunications infrastructure and services
are the backbone of a knowledge-based economy.
Aside from this, the telecommunications sector in
the UAE also has a key role to play in promoting
innovation and in supporting the country’s evolution

towards a knowledge-based economy.

* To further the aim of the UAE’s Vision 2021, the
UAE has invested significantly in education and
capability development, setting the foundation for

long-term competitiveness.

* The UAE is actively working to promote innova-
tion through policies and targeted initiatives aimed
at developing human capital while addressing the
requirements of financial and technological capital.

* The UAE currently boasts one of the most advanced
education systems in the Middle East and North
Africa (MENA) region, thanks to continuous invest-
ments across all education levels.

* The UAE’s budget allocation to education repre-
sents more than 20% of its total government budget,
higher than the benchmark average of 13%.

* The key imperative going forward is to develop the
deep technical skills that are required for disruptive
innovations, as opposed to generalist skills.

Attracting foreign talent is an important aspect of
establishing and maintaining an innovative environ-

ment.

* Immigrants constituted 96% of the total UAE work-
force in 2013 and 99.5% of the nation’s 4 million pri-
vate-sector employees. The UAE government is also
encouraging the local population, which has been
more drawn towards working in the public sector, to

join the private sector to develop their skill sets.

* One other essential element of a successful ecosys-
tem of innovation is the encouraging and fostering

of young entrepreneurs. One of the most effective
ways to do this is through mentoring, and the UAE
is emerging as one of the best places for entrepre-
neurship to thrive.

* The UAE government’s R&D efforts are targeted
at specific sectors to solve its market needs and key

socioeconomic challenges.

» FPostering an innovation ecosystem requires ensuring
adequate early-stage funding, venture capital, and
growth equity.

e Cultural barriers to innovation—such as fear of fail-
ure and an aversion to taking risks—can present seri-
ous difficulties, yet are starting to diminish in the
UAE.

In Chapter 7, ‘Retaining Top Innovators: An
Essential Element of Competitiveness for Developing
Countries’, David R. Walwyn from the Department of
Engineering and Technology Management, University
of Pretoria, and Sibusiso Sibisi from the Council for
Scientific and Industrial Research, South Africa, posit
that the mobility of talented people is critical to a sys-
tem’s capacity for learning, adapting, and innovating.

They explain:

¢ A small number of researchers and innovators

account for a major proportion of the overall output.

e The most productive innovators are also the most

mobile.

e The retention of this cohort of innovators is a
neglected but important policy objective for devel-
oping countries.

¢ Talented innovators tend to cluster in the same

places, even at the same institutions.

* Leading researchers and entrepreneurs are more
likely to pursue their careers in the USA or the UK.

* The migration of innovators from developing to
developed countries is also evident in statistics on
inventions, where it has been shown that inventors
in developed countries such as the USA and Switzer-
land are more likely to be immigrants than natives.

* The capacity of some countries to attract and sup-
port higher levels of extraordinary talent, allowing
it to develop and flourish, is a consequence of many
factors that include funding, facilities, international
migration, strong local networks and clustering, and
the ‘Sanger factor’.




* Developing countries should pursue priorities other
than the provision of research and innovation infra-

structure necessary to retain the elite cohort.

Chapter 8, ‘The Moroccan Diaspora and its
Contribution to the Development of Innovation in
Morocco’ co-written by a collection of authors from
the Moroccan Industrial and Commercial Property
Office (OMPIC), R&D Maroc, several Moroccan min-
istries, the National Centre for Scientific and Technical
Research, and the Hassan II Foundation for Moroccans
Living Abroad, describes the Moroccans living abroad
and the mobilization of the country’s highly educated
workforce. The chapter considers following points in
detail:

* The mobilization of a highly educated workforce is
an important part of international migration strate-

gies.

* The lack of qualified human resources in a glo-
balized and competitive market place that requires
knowledge and know-how generates new reasons for

Morocco’s population to be mobile.

* The feminization of the group of Moroccans Living
Abroad (MLAs) has continued, with the migration
of single women reflecting the evolving emancipa-

tion of women in Moroccan society.

* Highly skilled Moroccans (those with a tertiary or
graduate degree) make up 15% of the Moroccan

Diaspora.

* The share of persons with a university diploma is
twice as high among the MLAs as it is among the
domestic Moroccan population.

* Identifying the skilled members of the Diaspora who
contribute actively to innovation is extremely dif-

ficult because the data are often simply not available.

* Of the patent applications published under the PCT
(Patent Cooperation Treaty), 876 have been filed by
MLA inventors at international locations in the 16
years from 1995 through 2011.

* An analysis of patents issued under the PCT enables
the identification of patents by inventors who belong
to the Moroccan Diaspora, which can serve as a

proxy for determining MLA inventors.

* MLAs constitute a scientific potential of creativity
and innovation for Morocco through mobilization
programmes of the Moroccan Diaspora skills.

* There has been a steady return of migrants of work-

ing age in the last decade. Of those who returned
to Morocco, 81% are under 54 years old, and more

than two-thirds have their own businesses.

* To get those working abroad to return home, the

following is recommended:

» considering specific return campaigns centred

around major technology projects,

» mobilizing these human resources in a targeted

manner and earmarking these projects, and

» creating the conditions and environment favorable
to the contribution of professionals who are now
abroad to further the development of innovation in
Morocco.
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Global Innovation Index rankings

Country/Economy Score (0-100) Rank Income Rank Region Rank Efficiency Ratio Rank Median: 0.74
Switzerland 64.78 1 HI 1 EUR 1 0.95 6 |
United Kingdom 62.37 2 HI 2 EUR 2 0.83 29 |
Sweden 62.29 3 HI 3 EUR 3 0.85 22 |
Finland 60.67 4 HI 4 EUR 4 0.80 M ]
Netherlands 60.59 5 HI 5 EUR 5 091 12 |
United States of America 60.09 6 HI 6 NAC 1 0.77 57 |
Singapore 59.24 7 HI 7 SEAO 1 0.61 110 L
Denmark 57.52 8 HI 8 EUR 6 0.76 61 L
Luxembourg 56.86 9 HI 9 EUR 7 0.93 9 |
Hong Kong (China) 56.82 10 HI 10 SEAQ 2 0.66 99 ]
Ireland 56.67 n HI " EUR 8 0.79 47 |
(Canada 56.13 12 HI 12 NAC 2 0.69 86 ]
Germany 56.02 13 HI 13 EUR 9 0.86 19 |
Norway 55.59 14 HI 14 EUR 10 0.78 51 |
Israel 55.46 15 HI 15 NAWA 1 0.79 42 |
Korea, Republic of 55.27 16 HI 16 SEAO 3 0.78 54 ]
Australia 55.01 17 HI 17 SEAO 4 0.70 81 |
New Zealand 54.52 18 HI 18 SEAO 5 0.75 66 |
Iceland 54.05 19 HI 19 EUR n 0.90 13 |
Austria 53.41 20 HI 20 EUR 12 0.74 69 |
Japan 5241 21 HI 21 SEAO 6 0.69 88 |
France 52.18 22 HI 22 EUR 13 0.75 64 L
Belgium 51.69 23 HI 23 EUR 14 0.78 55 ]
Estonia 51.54 24 HI 24 EUR 15 0.81 34 |
Malta 50.44 25 HI 25 EUR 16 0.99 3 ]
(Czech Republic 50.22 26 HI 26 EUR 17 0.87 18 |
Spain 49.27 27 HI 27 EUR 18 0.76 60 L
Slovenia 4.3 28 HI 28 EUR 19 078 53 ]
China 46.57 29 UM 1 SEAO 7 1.03 2 |
Cyprus 45.82 30 il 29 NAWA 2 077 56 I
Italy 45.65 31 HI 30 EUR 20 078 52 ]
Portugal 45.63 32 HI 31 EUR 21 0.74 73 |
Malaysia 45.60 33 UM 2 SEAO 8 0.74 72 |
Latvia 44.81 34 HI 32 EUR 22 0.82 32 ]
Hungary 44.61 35 um 3 EUR 23 0.90 15 |
United Arab Emirates 43.25 36 HI 33 NAWA 3 0.54 127 I
Slovakia 41.89 37 HI 34 EUR 24 0.79 45 ]
Saudi Arabia 41.61 38 HI 35 NAWA 4 0.74 70 |
Lithuania 41.00 39 HI 36 EUR 25 0.68 89 I
Mauritius 40.94 40 UM 4 SSF 1 075 65 I
Barbados 40.78 4 HI 37 LCN 1 0.69 87 |
Croatia 40.75 42 HI 38 EUR 26 0.81 36 L
Moldova, Republic of 40.74 L] LM 1 EUR 27 1.07 1 L]
Bulgaria 40.74 4 UM 5 EUR 28 0.84 25 ]
Poland 40.64 45 HI 39 EUR 29 0.72 76 |
Chile 40.64 46 HI 40 LCN 2 0.68 92 I
Qatar 40.31 47 HI 41 NAWA 5 0.60 114 |
Thailand 39.28 48 UM 6 SEAO 9 0.76 62 L
Russian Federation 39.14 49 HI LY} EUR 30 0.79 49 I
Greece 38.95 50 HI 43 EUR 31 0.70 85 I
Seychelles 38.56 51 UM 7 SSF 2 0.74 74 I
Panama 3830 52 UM 8 LCN 3 0.85 20 ]
South Africa 38.25 53 UM 9 SSF 3 0.68 93 I
Turkey 38.20 54 UM 10 NAWA 6 0.93 1 L
Romania 38.08 55 UM n EUR 32 0.84 24 ]
Mongolia 37.52 56 LM 2 SEAO 10 0.68 9% I
Costa Rica 3730 57 UM 12 LCN 4 0.81 38 ]
Belarus 37.10 58 UM 13 EUR 33 0.83 27 |
Montenegro 37.01 59 UM 14 EUR 34 0.62 106 I

TFYR of Macedonia 36.93 60 UM 15 EUR 35 0.70 82 I
Brazil 36.29 61 um 16 LCN 5 0.74 Al |
Bahrain 36.26 62 HI 4 NAWA 7 0.60 17 |
Ukraine 36.26 63 LM 3 EUR 36 0.90 14 L
Jordan 36.21 64 UM 17 NAWA 8 0.80 40 I
Armenia 36.06 65 LM 4 NAWA 9 0.83 28 |
Mexico 36.02 66 UM 18 LCN 6 0.71 79 L
Serbia 35.89 67 um 19 EUR 37 0.79 46 I
Colombia 35.50 68 UM 20 LCN 7 0.63 102 |
Kuwait 35.19 69 HI 45 NAWA 10 0.78 50 L
Argentina 35.13 70 UM 21 LCN 8 0.79 3 L
Viet Nam 34.89 n LM 5 SEAQ n 0.95 5 ]
Uruguay 3476 72 HI 46 LCN 9 0.73 75 I




Global Innovation Index rankings (continued)

Country/Economy Score (0-100) Rank Income Rank Region Rank Efficiency Ratio Rank Median: 0.74
Peru 34.73 73 UM 2 LCN 10 0.62 107 ]
Georgia 3453 74 LM 6 NAWA n 0.68 92 |
Oman 33.87 75 HI 47 NAWA 12 0.58 ini |
India 33.70 76 LM 7 CSA 1 0.82 31 ]
Lebanon 33.60 77 UM 23 NAWA 13 0.59 119 ]
Tunisia 32.94 78 UM 24 NAWA 14 0.66 98 |
Kazakhstan 32.75 79 UM 25 CSA 2 0.59 18 |
Guyana 3248 80 LM 8 LCN n 0.74 68 ]
Bosnia and Herzegovina 3243 81 UM 26 EUR 38 0.65 101 |
Jamaica 324 82 UM 27 LCN 12 0.65 100 |
Dominican Republic 32.29 83 UM 28 LCN 13 0.85 21 ]
Morocco 3224 84 LM 9 NAWA 15 0.70 83 |
Kenya 31.85 85 ] 1 SSF 4 0.84 26 /3
Bhutan 31.83 86 LM 10 CSA 3 0.60 112 ]
Indonesia 31.81 87 LM n SEAO 12 0.96 4 | ]
Brunei Darussalam 31.67 88 HI 48 SEAO 13 0.43 139 ]
Paraguay 31.59 89 LM 12 LCN 14 0.75 63 |
Trinidad and Tobago 31.56 920 HI 49 LCN 15 0.63 103 ]
Uganda 31.14 91 ] 2 SSF 5 0.71 77 |
Botswana 30.87 92 UM 29 SSF 6 0.50 133 |
Guatemala 30.75 923 M 13 LCN 16 0.68 95 ]
Albania 30.47 9% UM 30 EUR 39 0.50 131 ]

Fiji 30.39 95 um 31 SEAO 14 0.34 141 |

Ghana 30.26 9% M 14 SSF 7 0.81 37 |
Cabo Verde 30.09 97 LM 15 SSF 8 0.55 126 ]
Senegal 30.06 98 LM 16 SSF 9 0.85 23 |
Egypt 30.03 9 M 17 NAWA 16 0.76 59 .
Philippines 29.87 100 LM 18 SEAQ 15 0.81 35 |
Azerbaijan 29.60 101 um 32 NAWA 17 0.58 120 |
Rwanda 2931 102 Ll 3 SSF 10 0.46 137 |

El Salvador 29.08 103 LM 19 LCN 17 0.60 116 |
Gambia 29.03 104 LI 4 SSF n 0.76 58 |
Sri Lanka 28.98 105 LM 20 CSA 4 0.87 17 |
Cambodia 28.66 106 Ll 5 SEAQ 16 0.74 67 |
Mozambique 28.52 107 Ll 6 SSF 12 0.57 124 ]
Namibia 28.47 108 UM 33 SSF 13 0.55 125 I
Burkina Faso 28.18 109 Ll 7 SSF 14 0.71 78 ]
Nigeria 27.79 110 LM 21 SSF 15 0.94 8 |
Bolivia, Plurinational State of 27.76 m LM 22 LCN 18 0.70 84 ]
Kyrgyzstan 21.75 12 Ll 8 CSA 5 0.46 136 |
Malawi 27.61 113 ] 9 SSF 16 0.67 96 |
Cameroon 27.52 114 M 23 SSF 17 0.80 39 |
Ecuador 27.50 115 um 34 LCN 19 0.63 104 |
(Cote d'lvoire 27.02 116 LM 24 SSF 18 0.93 10 |
Lesotho 27.01 17 M 25 SSF 19 0.40 140 |
Honduras 26.73 118 LM 26 LCN 20 0.53 128 I

Mali 26.18 119 ] 10 SSF 20 0.83 30 |
Iran, Islamic Republic of 26.14 120 UM 35 CSA 6 0.57 122 ]
Zambia 25.76 121 LM 27 SSF 21 0.79 44 ]
Venezuela, Bolivarian Republic of 25.66 122 UM 36 LCN 21 0.95 7 |
Tanzania, United Republic of 25.60 13 Ll n SSF 22 0.60 13 ]
Madagascar 25.50 124 L 12 SSF 23 0.62 105 I
Nicaragua 25.47 125 LM 28 LCN 22 0.53 129 |
Ethiopia 25.36 126 Ll 13 SSF 24 0.67 97 ]
Swaziland 2533 127 LM 29 SSF 25 0.57 123 |
Uzbekistan 25.20 128 LM 30 CSA 7 0.61 108 |
Bangladesh 2435 129 Ll 14 CSA 8 0.68 91 ]
Zimbabwe 2431 130 LI 15 SSF 26 0.79 48 |
Niger 24.27 131 Ll 16 SSF 27 0.50 132 |

Benin 241 132 Ll 17 SSF 28 0.60 15 I
Algeria 24.20 133 um 37 NAWA 18 0.53 130 |
Pakistan 24.00 134 LM 31 CSA 9 0.89 16 |
Angola 23.82 135 UM 38 SSF 29 0.82 33 ]
Nepal 23.79 136 LI 18 CSA 10 0.49 134 |
Tajikistan 2373 137 Ll 19 CSA n 0.45 138 |
Burundi 2.4 138 Ll 20 SSF 30 0.46 135 |
Guinea 20.25 139 Ll 21 SSF 31 0.61 109 |
Myanmar 19.64 140 Ll 22 SEAO 17 0.71 80 |
Yemen 19.53 141 LM 32 NAWA 19 0.60 m I
Togo 17.65 142 LI 23 SSF 32 0.25 142 [ |

Sudan 12.66 143 LM 33 SSF 33 0.09 | |

Note: World Bank Income Group Classification (July 2013): LI = low income; LM = lower-middle income; UM = upper-middle income; and HI = high income. Regions are based on the United Nations Classification: EUR = Europe;

NAC = Northern America; LCN = Latin America and the Caribbean; CSA = Central and Southern Asia; SEAO = South East Asia and Oceania; NAWA = Northern Africa and Western Asia; SSF = Sub-Saharan Africa.
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CHAPTER 1

The Global Innovation Index 2014: Nurturing New Sources of Growth by
Developing the Human Factor in Innovation

SoumiTRA DutTA, RAFAEL EscALONA REYNOSO, and ALEXANDRA L. BERNARD, Cornell University

BRruno LANvIN, INSEAD
SacHA Wunsch-Vincent, WIPO

The global economic recovery is
now more sustained and broad-
based than it was when we released
the Global Innovation Index (GII)
last year. The challenge today is to
overcome a number of remaining
obstacles and to spur sustainable
growth and employment through-
out the world.

New sources of growth for a stronger
global economy

The global economy is on a stronger
footing in 2014 than it was in the
years directly following the crisis.
Policy makers have rather effectively
addressed urgent short-term finan-
cial pressures. Considering all fac-
tors, and because of progress being
made in many advanced economies,
economic growth is now more bal-
anced across emerging markets and
high-income countries, and the
confidence of the private sector and
investors, although still fragile, is
generally on the rise.

Differences remain, however,
regarding the speed of recovery
among high-income economies.
The United States of America (USA)
is leading, and Europe and Japan are
also returning to positive growth.
Although the growth prospects in
fast-developing emerging econo-
mies remain modest by historical
standards, they are still significantly
positive. Although risks remain,
the possibility of a major set-back
to the recovery is diminished. The

projections of leading economic
institutions for 2015 are positive, and
better than for 2014.

This generally optimistic per-
spective is mitigated by high unem-
ployment and the certainty that all
countries share the need to sustain
the growth momentum. Indeed,
potential economic output and cur-
rent productivity levels are far lower
than the growth trajectory that had
been anticipated before the eco-
nomic crisis.

The basic dilemma concerning
the sources of future growth raised
in last year’s GII is ever more topi-
cal: On the one hand, governments
feel constrained by the little room
they have for fiscal stimulus and
public investment while firms are
still facing an uncertain economic
environment. On the other hand,
investment and future-oriented
pro-growth policies are needed to
avoid a generalized low-growth
scenario and to spur employment.
The importance of innovation and
entrepreneurship cannot be overem-

phasized in this context.

Innovation expenditures: Resilient but in
need of renewed attention

Over the last few years, this report
and others cautioned that the
economic crisis might have a last-
ing effect on innovation, slowing
future growth levers that would
be greatly needed. Governments

were urged to compensate, where

necessary, for shortfalls in private
innovation expenditures. Stimulus
packages included a number of
future-oriented policies geared to
innovation, such as infrastructure
projects, investments in research
and development (R&D), and green
technologies.

This approach has borne fruit:
The marked dip in business R&D
spending in 2009 caused by the
economic crisis was efficiently com-
pensated for by public R&D invest-
ments and other policies (see Box 1).
Government support of R&D and a
renewed pick-up of business R&D
ensured the healthy growth of inno-
vation expenditure during 2010-12.
Initially, advanced economies also
preserved expenditures on education
in the aftermath of the crisis. In terms
of the global use of intellectual prop-
erty (IP), the recovery has so far also
been swift and broad-based. After
2009, patent applications worldwide
experienced solid growth. The latest
figures point to 9.2% patent filing
growth in 2012, the strongest rate
in nearly two decades, with China
now topping the ranking of patents
filed since 2011. Even if, as the GII
often emphasizes, innovation cannot
be reduced to investments in R&D
and patents, these are encouraging
signs.

Yet the fact that innovation
expenditures will continue to grow
cannot be taken for granted.

First, as of 2013, a fall in the
growth of public R&D support

'

1: The Global Innovation Index 2014

THE GLOBAL INNOVATION INDEX 2014



H

1: The Global Innovation Index 2014

THE GLOBAL INNOVATION INDEX 2014

Box 1: Global R&D spending: Strong post-crisis recovery between 2010 and 2012; growth slowing since

Research and development (R&D) expen-
ditures of firms dropped significantly in
2009 as a result of the economic crisis. This
dip was efficiently mitigated by the public
R&D investments that were taken by many
economies in the following three years.

The recovery of business R&D spending
in 2010 was quick, reaching 3% growth at
the global level," and, although the data
are still incomplete, 4.5% in 20112 In high-
income countries of the Organisation for
Economic Co-operation and Development
(OECD), business R&D grew by 0.6% in 2010
and 4.8% in 2011, but it slowed again in
2012, reaching only 3.6% in that year? R&D
spending among the top 1,000 spenders
globally reached an all-time high of US$638
billion in 2013, an increase of 5.8% from the
previous year—but this growth is already
significantly lower than it was in 2011 and
2012

Total economy-wide R&D spending—
private and public R&D combined—also
overcame the dip seen in 2009, and was
followed by a constant growth of over 3% in
2010and 20112 Total R&D increased in most
high-income countries as well, growing by
1.3% in 2010, 4% in 2011, and a lower 3%
in 2012° The slower growth seen in 2012
had already been influenced by weakening
public R&D expenditures in high-income

coupled with the continued hesi-
tancy of company R&D expendi-
tures seems to be leading to slower
overall growth of total R&D expen-
ditures worldwide; this is the case
especially in high-income countries
(see Box 1). In many advanced coun-
tries, fiscal consolidation also seems
to have negatively affected public
spending on education since 2010.
Second, although governments have
effectively included a significant
number of future innovation-related
growth projects in stimulus packages
in 2009, support for such efforts

countries, in particular in higher education
institutions and the government sector.” This
growth slowdown in 2012 was encountered
in the majority of high-income countries in
the OECD, except a few such as the United
States of America (USA). In some high-
income countries—such as Spain, Finland,
Portugal, Canada, the United Kingdom (UK),
and ltaly—overall R&D spending actually
declined in 2012.

For 2013 and 2014, unofficial estimates
point to a further slowdown in global R&D
spending growth.®. The main drivers of
this slowdown in growth are the declin-
ing support of public R&D caused by fiscal
consolidation and the end of stimulus pack-
ages coupled with the hesitant growth of
company R&D expenditures.

To be sure, the majority of countries for
which data are available continue to show
positive R&D expenditure growth in 2013
and 2014. Yet strong R&D spending growth
in 2013 and 2014 is expected to take place
mostly in Asia, in particular in China, the
Republic of Korea, and India. Anticipated
R&D spending growth in absolute terms
or as a share of GDP in top R&D spending
high-income countries such as the USA and
Japan, as well as the UK and other European
economies, is expected to be flat or much or
much reduced when compared with 2011

seems to have lost momentum in
some countries.

There 1s a distinct danger that
such trends could extend across
various parts of the world. If indeed
future-oriented policies aimed at
stimulating innovation and new
sources of growth are not widely
pursued, hopes for sustained global
growth could be dashed.

In many respects, however, the
global innovation landscape is more
active and inclusive than ever: In
addition to higher levels of expendi-
tures on innovation, we also see signs

that the number and geographical

or 2012, the latter of which had often already
seen slower growth.

In sum, business and total R&D spend-
ing are both now significantly above pre-cri-
sis levels in some economies; in others they
are below those levels, and some economies
have been unaffected (see Tables 1.1 and 1.2
on facing page). A large number of Eastern
European countries, other large European
economies such as France and Germany,
some high-income Asian economies such
as the Republic of Korea, and emerging
economies such as China and the Russian
Federation have experienced no aggregate
fall in their R&D spending as a result of the
crisis. Some economies have seen important
dips in R&D spending during the crisis but
also experienced an important recovery
(e.g., Estonia and the Netherlands); some
(e.g., Israel) have seen a more timid recov-
ery. The USA and Singapore, for instance,
have recently returned to their pre-crisis
levels for combined public and private R&D.
And some high-income economies, such
as Spain, Finland, and Portugal, as well as
the UK and Japan, continue to exhibit R&D
spending below their pre-crisis levels.

Note

Notes and references for this box appear at the end
of the chapter.
(Continued)

spread of students, researchers, and
entrepreneurs are rising. If appropri-
ately empowered, the more abundant
and diverse skills and talent available
worldwide to drive innovation can

prove exceptionally effective.

The human factor in innovation

This year’s theme, the ‘Human
Factor in Innovation,” explores the
role of individual innovators and
creators in the innovation process.
This choice of theme stems from the
growing interest that firms and gov-

ernments have shown in identifying




Box 1: Global R&D spending: Strong post-crisis recovery between 2010 and 2012; growth slowing since (contd,)

Table 1.1: Business enterprise expenditure on R&D (BERD)

Crisis and recovery compared

Countries with no fall in BERD during the crisis that have expanded since

B Table 1.2: Gross domestic expenditure on R&D (GERD)

Crisis and recovery compared

Countries with no fall in BERD during the crisis that have expanded since

CRISIS RECOVERY CRISIS RECOVERY
2008 2009 2010 2011 2012 2008 2009 2010 2011 2012
Poland 100 105 m 136 202 China 100 126 144 165 192
Slovenia 100 103 124 160 185P Poland 100 113 128 140 168
Hungary 100 118 125 138 152 Slovenia 100 103 118 140 155
Ireland 100 115 15 116 121 Republic of Korea 100 106 19 133 146
France 100 102 105 108 110° Czech Republic 100 100 106 126 143P
Russian Federation 100 110 100 102 103 Hungary 100 108 110 116 122
Chile 100 108 16 n/a n/a
BERD above pre-crisis levels in 2012 LG 10 It ED E L
Turkey 100 m ”m 134 n/a
CRISIS RECOVERY Belgium 100 100 106 14 115
2008 2000 2010 2011 Az Ireland 100 109 108 109 113
Estonia 100 98 129 261 27° Germany 100 100 103 110 m
Slovakia 100 93 130 127 174 Russian Federation 100 m 104 105 m
Netherlands 100 93 98 127 134° France 100 104 104 106 107°
Czech Republic 100 % 104 119 131° Denmark 100 105 101 101 101
Belgium 100 97 105 115 14
Germany 100 97 100 107 108
. o o T B 107 GERD above pre-crisis levels in 2012
Israel 100 % 9% 102 105 RS RECOVERY
Romania 100 102 94 98 104 2008 2009 2010 2011 2012
Norway 100 98 95 100 104 Estonia 100 95 m 179 171°
United States of America 100 9% 94 97 103° Netherlands 100 9 103 13 19
Italy 100 99 101 102 101° Austria 100 92 103 104 108°
Israel 100 9% 96 100 103
BERD below pre-crisis levels in 2012 Slovalia 100 ] 132 14 16}
Norway 100 101 99 102 105
CRISIS RECOVERY United States of America 100 99 99 101 105
2008 2009 2010 2011 2012 Singapore 100 83 88 101 n/a
United Kingdom 100 96 96 102 98P
Denmark 100 104 97 95 95P
GERD below pre-crisis levels in 2012
(anada 100 98 92 92 91°
Sweden 100 8 8 8 8 KRS R COVERY
Portugal 100 100 9% 9 38" 2008 2009 2010 2011 2012
Spain 100 94 93 91 88 Italy 100 99 101 100 99°
Finland 100 9% 93 95 85 Sweden 100 93 93 95 97
Luxembourg 100 97 77 77 77 Japan 100 91 93 9% 97
Source: OECD MSTI, January 2014; data used: Business enterprise expenditure on R&D (BERD) at constant 2005 United Kingdom 100 9 98 9 9°
PPPS, Index = 2008. Canada 100 100 97 96 4P
Note: p = provisional data. Portugal 100 106 105 99 4P
Finland 100 97 100 100 92
Spain 100 99 99 96 91
Romania 100 76 73 82 80
Luxembourg 100 99 89 n/a n/a

Source: OECD MSTI, January 2014, data used: Gross domestic expenditure on R&D (GERD) at constant 2005

PPPS, Index = 2008..
Note: p = provisional data.
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and energizing innovative individu-
als and teams. To point out relevant
strategies and policies in this regard,
it is important to learn more about
what happens at the intersection
of people, technology, financing,
policy, and institutions. The need
to gather more knowledge of, and
a better understanding of, the role
that the human factor—along with
technology and capital—plays in
innovation is critical. Statistically
and analytically capturing this con-
tribution and nurturing it through
adequate education, training, and
motivation in schools, universities,
businesses, civil society, and the
government itself is a challenge. The
rich collection of chapters presented
in this report provides a glimpse
of how and which of these human
aspects are affecting the innovation
performance of nations globally.
Undoubtedly human
plays a central role in the inception,

capital

the implementation, and the inter-
organizational, national, and inter-
national diffusion of innovation. As
outlined in Chapter 2 by Martin
Schaaper and Chapter 3 by Richard
Scott and Stéphan Vincent-Lancrin,
improving skills is one of the most
important ways to raise innovation,
productivity, and economic growth
and to improve social welfare and
equality.

Indeed, modern growth theory
treats human capital formation
as a central element and driver of
the technical and innovative prog-
ress necessary for growth as the
economic literature demonstrates.
Becker (1964) was one of the first
economic and social theorists to
recognize human capital as a set of
skills that increase the productivity
of the worker within firms and—
ultimately—the overall production
process of nations." Although its role
in production processes may be dif-
ficult to outline, human capital can

be thought of as the stock of knowl-
edge or skills positively impacting
economic output. Expanding on this
notion, Nelson and Phelps suggest
that ‘educated people make good
innovators’;” thus education speeds
the process of technological diffu-
sion. Lucas distinguishes between
two sources of human capital accu-
mulation: education and experi-
ence (learning-by-doing).> Aghion
and Howitt attest that differences
in growth between nations and
regions can be attributed in great
part to differences in the levels of
human capital and to their capacity
to retain, attract, and expand these
endogenously.* Nelson and Phelps
and the Schumpeterian growth lit-
erature describe economic growth
as being driven by the stock of
human capital, which in turn affects
a country’s ability to innovate or
catch-up with more advanced and
innovation-efficient economies.
Current research and practical case
studies at the national and regional
level continue to empirically test and
validate these new growth theories.
According to the OECD’s Oslo
Manual:
the most significant innovation
capability is the knowledge
accumulated by the firm, which is mainly
embedded in human resources, but
also in procedures, routines and other
characteristics of the firm. Innovation
capabilities, as well as technological
capabilities, are the result of learning
processes, which are conscious and
purposeful, costly and time-consuming,

non-linear and path-dependent and
cumulative®

Innovations, therefore, emerge
from the complex thinking, act-
ing, and interacting of people going
about their everyday work under
certain framework conditions. In
this context, it is particularly impor-
tant that the traditional technology
and product-oriented perspective
on innovation evolves into a more
holistic one in which the key role

of people and their working condi-
tions is acknowledged.® Moreover,
there is also a demand side to inno-
vation. As expressed in Chapter 5
by Leonid Gokhberg and Valentina
Poliakova, successful innovations
rely also on the various actors in
society—for example, consumers,
the government, and others—that
will ultimately be the recipients and
users of these innovations. Thus the
human factor in innovation does not
stop at the supply side but reaches far
into how innovations are received,
accepted, and diffused.
Globalization has altered the
mobility of people across geographic
and cultural boundaries, and thus
has also contributed to promote
these paradigm shifts. As underlined
by Lanvin and Evans,
Today's economy benefits from being
global and mobile. ... Mobility has
been redefined. Ideas, know-how, and
innovative and entrepreneurial people
routinely cross borders and generate
value locally and globally; projects
involve people collaborating across
different continents, all of whom are
living outside their respective countries

of birth. The engine of this global and
mobile world is talent”

Yet, as pointed out in Chapter
6, contributed by Ahmad Bin Byat
and Osman Sultan, a key imperative
going forward in the development of
this mobile talent is also to advance
in it the deep technical skills that are
required for disruptive innovations.

‘While cross-border mobility and
willingness to relocate abroad are
possible with lower immigration and
emigration barriers, nations—like
corporations—now have to com-
pete for talent. Inter-country and
regional economic and demographic
differences also stimulate labour
flows; so do comparative gaps in real
wage rates and differences in labour
force age profiles.® On the other
hand, many barriers still exist; these
limit the ways in which migrations
by workers could benefit both their




countries of origin and their coun-
tries of destination.” Yet mobility of
talent remains critical for learning,
adapting, and innovating within any
regional systems of innovation.

Economists have made impor-
tant progress in better understand-
ing the causes and consequences of
skilled-worker migrations. Recent
research has shown that close to
75% of migrant inventors from
low- and middle-income countries
reside in the USA. China and India
clearly stand out as the two largest
middle-income countries of origin,
followed by Russia, Turkey, Iran,
Romania, and Mexico.'” Chapter
8 of this report, by Nour-Eddine
Boukharouaa and co-authors,
introduces the particular case of
the Moroccan Diaspora, which is
mainly located in France (32%),
Spain (20%), Italy (12%), and other
European countries, Arab countries
(6%), the USA and Canada (together
3%), and some African and Asian
countries. At the same time, coun-
tries are busily at work reversing the
so-called brain drain and keen to
help emerging economies to retain,
involve, or attract talent, sometimes
by simply involving their skilled
diaspora abroad.

These diaspora networks, how-
ever, have changed the way in which
highly skilled mobility is understood
and examined by economists and
policy makers."" They have altered
the traditional brain drain migration
outflow into a brain gain skills circu-
lation by turning the loss of human
resources into a remote-although-
accessible asset of expanded net-
works."”” This shifted the traditional
emphasis on embedded knowledge
of potential returnees (a human
capital approach) to a connection-
ist approach where social capital,
including technical and institutional
links, is crucial. These diaspora net-
works are then perceived by firms

and governments as the latest bridge
institutions connecting developing
economy insiders, with their risk-
mitigating knowledge and connec-
tions, to outsiders in command of
technical know-how and investment
capital—all essential elements of
innovation."”

Nonetheless, reverse migration
trends are beginning to intensify."*
Many countries are luring returnee
immigrants as a group of highly
trained and qualified people with
valuable managerial experience
and entrepreneurial skills who
simultaneously possess local market
knowledge and access to networks
in the host country.” Chapter 7 of
this report, by David Walwyn and
Sibusiso Sibisi, explores in more
detail some of the elements behind
the capacity to attract and support
higher levels of ‘extraordinary’ tal-
ent drawn from the example of
South Africa. Such elements include,
among other factors, adequate levels
of funding, state-of-the-art facili-
ties, international migration, strong
local networks and clustering, as
well as the ‘Sanger factor—the idea
that success breeds success.

There is strong evidence of the
positive impact of diasporas on port-
folio investments and foreign direct
investment (FDI).'"* Moreover, sup-
ported by government policies and
economic liberalization, dynamic
reverse migration can convert brain
drain into an inward talent flow."”
But today’s reality is that only a
remarkably small number of coun-
tries have actually ignited return
migration or successfully implicated
their diaspora in innovation activi-
ties or the crafting of innovation
policies at home.

Understanding in more detail
the human aspects behind innova-
tion is essential for the design of
policies that help promote the virtu-
ous cycles that lead towards higher

economic development and richer
innovation-prone environments

locally.

The Gl conceptual framework

As in previous years, the GII relies
on two sub-indices—the Innovation
Input Sub-Index and the Innovation
Output Sub-Index—each built
around pillars. Four overall mea-
sures are calculated: the GII, the
Input and Output Sub-Indices, and
the Innovation Efficiency Ratio
(Figure 1).

e The Innovation Input Sub-
Index: Five input pillars cap-
ture elements of the national
economy that enable innova-
tive activities: (1) Institutions,
(2) Human capital and research,
(3) Infrastructure, (4) Market
sophistication, and (5) Business

sophistication.

¢ The Innovation Output Sub-
Index: Innovation outputs are
the results of innovative activities
within the economy. There are
two output pillars: (6) Knowl-
edge and technology outputs and
(7) Creative outputs.

e The overall GII score is the
simple average of the Input and
Output Sub-Indices.

e The Innovation Efficiency
Ratio is the ratio of the Output
Sub-Index over the Input Sub-
Index. It shows how much inno-
vation output a given country is

getting for its inputs.

Each pillar is divided into three
sub-pillars and each sub-pillar is
composed of individual indicators,
for a total of 81 indicators. Further
details on the GII framework and
the indicators used are provided in
Annex 1. This year the GII model
includes 143 economies, represent-
ing 92.9% of the world’s population
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Figure 1: Framework of the Global Innovation Index 2014

Innovation Input
Sub-Index

Global Innovation Index
(average)

Innovation Efficiency Ratio
(ratio)

Innovation Output
Sub-Index

Human Knowledge and
capital and Market Business technology Creative
research sophistication sophistication outputs outputs
Political Knowledge Knowledge Intangible
environment Education ICTs Credit workers creation assets
Regulatory Tertiary General Innovation Knowledge Creative goods
environment education infrastructure Investment linkages impact and services
Business Research & Ecological Trade & Knowledge Knowledge Online
environment development sustainability competition absorption diffusion creativity
and 98.3% of the world’s GDP (in  Stability at the top 5. Netherlands
current US dollars). As expected, there is relative stability 6. United States of America (USA)
. . . 7. Si
in the top 10: Switzerland leads again ngapore
. . . 8. Denmark
in 2014, the United Kingdom (UK) 9. Luxembourg

Global Innovation Index 2014: Main
findings

The 143 economies and 81 indica-
tors presented in the GII 2014 cover
arange of themes, presenting us with
a rich dataset to analyse global inno-
vation trends. However, it is impor-
tant to note that the GII model has
evolved over the last editions. Each
year the variables included in the
GII computation are reviewed and
updated to provide the best snapshot
of global innovation (more details of
these changes to the framework are
provided in Annex 2). Thus care
needs to be exercised when analys-
ing year-on-year changes in GII
ranks.

takes the second spot, and Finland
makes it into the top 5. The USA
(6th) declines by one spot this year.

Except for one change, the top
10 ranked economies in the GII
2014 remain the same as in 2013.
Luxembourg (ranked 12th in 2013)
enters the top 10 at 9th position,
pushing Ireland just over to 11th
position in 2014 (down from rank
10 in 2013). The top 10 economies
in 2014 are listed below; Figure 2
shows movement in the top 10
ranked economies over the last four
years:

1. Switzerland

2. United Kingdom (UK)
3. Sweden

4. Finland

10.  Hong Kong (China)

At first glance, these economies
from around the world appear to
have high income as a common
factor explaining their dominance.
other high-

income economies rank lower and

However, several
struggle to break into the top tier.
The answer lies in the GII model,
which reflects the fact that innova-
tion is a multi-faceted phenomenon
with several input drivers and dif-
ferent output results. These inno-
vation leaders are remarkable in
consistently scoring high on most
dimensions of the GII model. For
example, top-ranked Switzerland
secures a spot among the top 25 in




Figure 2: Movement in the top 10 of the GlI

201

0 Switzerland
e Sweden
6 Singapore
o Hong Kong (China)
6 Finland
o Denmark

0 United States of America

0 (anada
0 Netherlands
@ United Kingdom

all pillars and sub-pillars with only
four exceptions. Leadership from
both business and government is
essential for innovation excellence,
and with the right approach, even a
large economy such as the USA can
be among the top innovators.
Other high-income countries
inching towards the top tier per-
formers include the Republic of
Korea (21st in 2012, 18th in 2013,
16th in 2014) and Japan (25th in
2012, 22nd in 2013, 21st in 2014);
both economies can attribute their
ascent to improved rankings on the
Output Sub-Index. Consequently
they are closing the gap between
Inputs and Outputs and improving

their Innovation Efficiency Ratios.

Global innovation divides persist

The GII 2014 confirms the con-
tinued existence of global innova-
tion divides (Box 2). Despite the
increased globalization of R&D, the
literature has noted that the actual
production of high-quality scientific

2012 2013 2014
Switzerland Switzerland Switzerland
Sweden Sweden United Kingdom
Singapore United Kingdom Sweden
Finland Netherlands Finland
United Kingdom United States of America Netherlands
Netherlands Finland United States of America
Denmark Hong Kong (China) Singapore
Hong Kong (China) Singapore Denmark
Ireland Denmark Luxembourg
United States of America Ireland Hong Kong (China)

research papers over the last three
decades is spiky and geographically
concentrated in only a few centres
of excellence.'”® The world’s leading
cities for the production of scientific
papers at the highest levels have
remained essentially the same for the
past three decades.'” The GII takes
a more holistic view of innovation,
which includes several factors other
than R&D spending and scientific
publications, but GII findings show
that even with such a broader view,
sharp divides in innovation results
remain widespread—across and
within income groups and geo-
graphical regions.

The three top-ranked lower-
middle-income and low-income
countries are, respectively, the
Republic of Moldova (43rd in 2014;
45th in 2013), Mongolia (56th;
72nd), and Ukraine (63rd; 71st); and
Kenya (85th; 99th), Uganda (91st;
89th), and Rwanda (102nd; 112th).
The average GII score (on a scale
of 100) for high-income countries

is 48.83 (50.11 in 2013) as com-
pared with 29.53 (29.83) and 25.62
(26.43) for low-middle-income and
low-income countries, respectively.
The average GII scores for Northern
America (58.11) and Europe (47.23)
are significantly higher than those
for other regions such as Northern
Africa and Western Asia (35.73) and
Latin America and the Caribbean
(32.85). Innovation divides also exist
within and between world regions.
Europe shows significant differ-
ences in ranks and GII scores across
nations—examples are Finland
(ranked 4th; score of 60.67), Spain
(27th; 49.27), and Portugal (32nd;
45.63).

Although some limited move-
menthasbeen seen across divides (see
Box 2 for a more detailed analysis),
the changes are slow and innovation
divides are likely to persist. While
less-developed nations continue to
progress, they are often unable to
keep pace with improvements being
made by more wealthy nations. The
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Box 2: The innovation divide persists

A persistent trait of the Gl rankings has
been the stability identified at the top (see
Box 2 of Chapter 1 in the Gl 2013). In 2014,
Switzerland remains the indisputable leader
for the fourth consecutive year. Among the
top 10 and top 25, rankings have changed
but the list of economies remains unaltered.
Once again, all top 25 are exclusively high-
income economies. The sole change in the
top 10 this year is Luxembourg (9th) moving
in and Ireland (11th) moving out. The fact
that, at least since the GlI began four years
ago, the top 25 economies have all shared the
characteristic of high income suggests the
presence of an innovation divide, where the
leaders remain uncontested and most major
ranking moves occur only in lower tiers.
There is a clear distance between the
top ranked economies and their followers.
Figure 2.1 shows the average scores for three
tiers of high-income economies (top 10, 15

through 25, and the remaining high-income
economies), and the upper- and lower-mid-
dle-income and low-income economies.
The top 10 economies exhibit clear strengths
over the second tier high-income econo-
mies in all areas, and particularly the three
areas where the divide between these two
tiers has increased since 2013: Infrastructure
(information and communication technolo-
gies, general infrastructure, and ecologi-
cal sustainability), Business sophistication
(knowledge workers, innovation linkages,
and knowledge absorption), and Creative
outputs (Intangible assets, creative goods
and services, and online creativity).

The widest divide among all groups is
between the second tier and the third tier
in high-income economy groups. Although
the third tier appears to be performing
marginally better in Infrastructure, Market
sophistication, and Creative outputs, the

Figure 2.1: The persistent innovation divide: Stability among the top 10 and top 25

Creative
outputs

Knowledge and
technology outputs

Business sophistication

Institutions

Human capital
and research

Infrastructure

Market sophistication

Note: Countries/economies are classified according to the World Bank Income Group Classification (July 2013).

divide is mostly attributable to a worse
performance from the second tier. The
divide between the third tier high-income
group and the upper-middle-income
group remains nearly unchanged in all
pillars. The gap between high-income
and middle-income performances is the
largest in Institutions (20.62 points) and
Human capital and research (17.22 points).
However, the divide between these two
continues to narrow in Market (10.94 points),
Business sophistication (12.10 points), and
Knowledge and technology outputs (12.63
points). Although the individual pillar scores
for economies in either of these income
groups are virtually indistinguishable, the
group of upper-middle-income countries
has not yet been able to move closer to
the group of top 25 innovators. The only
two non-high-income economies that have

Average scores

=@~ Top 10 (high income)

=@- 111025 (high income)

=@~ High-income others

=+ Upper-middle income

= O~ Lower-middle income
Low income

(Continued)




Box 2: The innovation divide persists (contd.)

managed to do so are China (29th) and
Malaysia (33rd).

Between the lower-income groups the
divide remains much less apparent. The
lower-middle and low-income economies
perform almost identically in four out of
the seven pillars: Institutions, (2.12 points),
Market (0.03 points) and Business sophistica-
tion (0.02 points), and Knowledge and tech-
nology outputs (2.14 points). This does not
mean that economies at the lower levels of
income are not making substantial changes
in rank. On the contrary, the largest com-
bined number of economies that changed
their Gll ranking this year—a total of 52—are
found at these income levels. This is because
the scores of many of these economies are
very similar, especially for those countries in
positions 76 to 100 (a span of 3.83 points)

benefits of legacy investments in
human capital and the institutional
context are difficult to replicate
rapidly. For example, investments
in the educational infrastructure in
many low-income countries may
take years to show results in terms of
skilled graduates and even more time
to yield tangible innovative outputs.
This raises the pressure and the need
for nations on the wrong side of the
divide to accelerate their progress
in driving innovation. Across the
globe, however, some positive news
is starting to register on that front,

as discussed next.

Sub-Saharan Africa: A region of innovation
learners

Sub-Saharan Africa
more countries that are innova-
Over 2013, five
African economies—Burkina Faso,

now has
tion learners.

Gambia, Malawi, Mozambique, and
Rwanda—Dbecame part of the group

and 101 to 125 (4.13 points), which suggests
that small improvements to low-income
economies’ scores can have considerable
impacts on their respective rankings.

When ranking regions from highest
to lowest based on average Gll score, the
order is as follows: Northern America (58.11),
Europe (47.23), South East Asia and Oceania
(41.72), Northern Africa and Western Asia
(35.73), Latin America and the Caribbean
(32.85), Central and Southern Asia (27.48),
and Sub-Saharan Africa (27.45).! The regional
innovation divide between nations is largest
between Northern America and Europe
(10.88 points) and smallest between Central
and Southern Asia and Sub-Saharan Africa
(0.03). The gap between the other nations
is, on average, around 4.94 points.

of economies defined as ‘innovation
learners’ (economies that perform at
least 10% higher than expected for
theirlevel of GDP; see Box 4 for more
details), and the Sub-Saharan African
region now makes up nearly 50% of
the innovation learner economies.
These five economies demonstrate
rising levels of innovation, particu-
larly in the areas of human capital
and research (collectively improving
in their ranking on this pillar by
71 places) and market sophistica-
tion (collectively improving by 148
places). By and large, Sub-Saharan
Africa has seen the most significant
improvement of all regions in the
GII rankings, with Coéte d’Ivoire
showing the biggest improvement
(20 places) and Mauritius taking the
leading regional position (40th, an
improvement of 13 places from 53rd
in 2013.).

Many Sub-Saharan African

countries are fostering innovation

When comparing average scores on the
pillar level, the innovation divide between
regions is the largest in the Human capital
and research pillar (with a span of 41.04
points between Northern America and
Sub-Saharan Africa), and the smallest in
the Creative outputs pillar (with a span of
26.04 points between Northern America
and Central and Southern Asia). The gap
between the first and second strongest
performing regions (Northern America and
Europe, respectively) is the largest in Market
sophistication (25.40) and narrows signifi-
cantly in Creative outputs (3.55).

Note

1 The regional groups are based on the United
Nations classification.

through the implementation of vari-
ous initiatives and programmes. For
example, the government of Rwanda
launched the Rwanda Innovation
Endowment Fund (RIEF) to fund
R&D to foster innovative areas
such as agriculture, manufacturing,
ICTs, and energy, in partnership
with the United Nations Economic
Commission for Africa (UNECA)
and One UN Rwanda.?* In other
examples, Gambia has grown its
ICT infrastructure and innovative
services through various initiatives,
and Gambia’s Ministry of Trade,
Industry, Regional Integration and
Employment has also launched
an innovation grant as part of the
Social Development Fund in order
to commercialize local projects.?!
Regional examples of projects
that foster innovation include the
Children and Community Initiative
for Development (CAID) and the
Africa Youth Panel (AYP), which
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have rolled out a range of capacity
building initiatives for youth in the
Sub-Saharan Africa. Although a
direct link between these programs
and the GII rankings is not formally
demonstrated here, these policy
initiatives show commitment to

innovation at the right policy levels.

The BRICS economies: Trajectories may be
diverging

In prior editions of the GI1,” we pos-
ited the inherent innovation chal-
lenge for middle-income economies,
including the BRICS countries.
We described how middle-income
economies need to adopt a compre-
hensive knowledge-based growth
strategy to integrate their efforts
along the different dimensions of the
GII framework and sustain a high
level of innovation success.

Among the BRICS (Brazil,
Russia, India, China, and South
Africa), four improved their posi-
tions (Brazil by three places to reach
the 61st rank, the Russian Federation
by 13 places to reach 49th, China by
six places to reach 29th, and South
Africa by five places to reach 53rd).
India, on the other hand, has con-
tinued to slip by a further 10 places,
dropping to 76th position this year.
The progress of China and the
Russian Federation in the rankings
is among the most notable of all
countries; China’s ranking is now
comparable to that of many high-
income economies.

Most of the BRICS economies
are also showing other signs of prog-
ress. All of them, with the exception
of South Africa, qualify as ‘efficient
innovators’ this year, meaning that
they have innovation efficiency
scores (calculated as total innova-
tion outputs over total innovation
inputs) greater than or equal to the
average (0.74). When a subset of GII
indicators related to the quality of
innovation is considered,” three

BRICS economies (China, Brazil,
and India) top the group of middle-
income countries.

Alone among the BRICS, China
seems on track to enter the top 25
in the GII. China ranks 2nd in
innovation efficiency in 2014 on a
global basis and is improving steadily
along many dimensions of the GII.
The country enjoys an impressive
2nd position in the Knowledge and
technology outputs pillar and shows
decent improvements in the Creative
outputs pillar, ranking 1stin Creative
goods exports. However, there is
room for significant improvement
in the Institutions pillar.

While all of the other BRICS
economies have their own strengths
and weaknesses, they are not yet
showing the kind of accelerated
and holistic improvements that
are necessary to propel them into
the top ranks of the GII. India, in
particular, faces various challenges,
education being one of the most
acute. As pointed out in Chapter 4
by Naushad Forbes, ‘Higher educa-
tion has grown very rapidly in India
over the last 30 years.” He explains
that such rapid growth, concentrated
in private rather than public institu-
tions and focused on only a few pro-
fessional fields, has given the rise to
four crucial challenges: the need to
(1) ensure quality, (2) build graduate
education and research universities,
(3) provide equity of access, and (4)
build excellent liberal arts universi-
ties. Addressing these aspects may
allow India to re-align its trajectory
with the rest of the BRICS. If India
does not start to focus on these chal-
lenges and on improving its inno-
vation output, the country is likely
continue to drop in the rankings and

become less innovation efficient.

The human factor: The essential spark to
innovation

Attempting to measure the entire
spectrum of human factors behind
innovation would be an impossible
task. However, the GII framework
offers a number of indicators that
provide valuable evidence of the
human factor (see Figure 3), such as
school life expectancy (2.1.3); PISA
scales in reading, mathematics, and
science (2.1.4); pupil-teacher ratio
(2.1.5); tertiary enrolment (2.2.1);
tertiary inbound mobility (2.2.3),
researchers (2.3.1); average score
of the top 3 universities (2.3.3);
and firms offering formal training
(5.1.2).

According to the sum of their
scores on this subset of indica-
tors, the bottom 10 economies
by income group include mostly
underperforming economies (econ-
omies performing at levels below
expected according to their level of
development) in addition to econo-
mies performing only on par with
expectations. However, the num-
ber of the economies classified as
underperformers decreases as the
income group moves from high to
low income. For example, 7 out the
10 poorest performing high-income
economies are underperformers, 4
out of the bottom 10 middle-income
economies are underperformers, and
2 out of the bottom 10 low-income
economies are underperformers.
This indicates that higher-income
economies are more reliant on the
human factor to improve innovation
performance.

The top performers within the
high-income economies for the
above subset of human factor—related
variables are the Republic of Korea,
Finland, and the UK. China takes
the top position among the middle-

income countries.




Figure 3: Education as a human aspect of innovation: Top 10 high- and top 10 middle-income economies

1 Korea, Republic of (GlI 16)
2Finland (GIl 4)

3 United Kingdom (Gl1 2)

4 New Zealand (Gl 18)

5 Austria (GII 20)

6 Germany (Gl 13)

7 Czech Republic (GIl 26)

High-income economies

8 Spain (Gl 27)
9 Estonia (Gll 24)
10 Ireland (GII 11)

Average (49 economies)

18 China (Gl 29)

28 Argentina (Gl 70)
34 Hungary (GlI 35)
35 Malaysia (GlI 33)
38 Thailand (Gll 48)
39 Fiji (GI195)

42 Lebanon (Gl 77)
45 Kazakhstan (Gll 79)

Middle-income economies

46 Bulgaria (Gl 44)
47 Serbia (Gl 67)

Average (71 economies)

200 300 400

Sum of scores

2.1.3 School life expectancy, years

214 PISA scales in reading, maths, & science
2.1.5 Pupil-teacher ratio, secondary
2.2.1Tertiary enrolment, % gross

2.2.3 Tertiary inbound mobility, %

2.3.1 Researchers, headcounts/mn pop.
2.3.3 Average score top 3 universities
[ 5.1.2 Firms offering formal training, % firms

500 600

Notes: Numbers to the left of the economy name are the rank of education as a human aspect of innovation. Numbers in parentheses to the right of the economy name are the overall Gll rank. Economies are classified by income according to the
World Bank Income Group Classification (July 2013). Upper- and lower-middle income categories were grouped together as middle-income economies.

Discussion of results: The world’s top
innovators

The following section describes and
analyses the salient features of the
GII 2014 results for the global leaders
in each index and the best perform-
ers in light of their income level.**
A short discussion of the rankings at
the regional level follows.*

Tables 1 through 3 present the
rankings of all economies included
in the GII 2014 for the GII and the
Input and Output Sub-Indices.

The top 10 in the Global Innovation Index
The top 10 economies in the GII
2014 edition are Switzerland,
the UK, Sweden, Finland, the
Netherlands, the USA, Singapore,
Denmark, Luxembourg, and Hong
Kong (China). Nine of these econo-
mies were already in the GII top 10
in 2013; Ireland, which was in the
top 10 in 2013, dropped to 11th place
this year, and Luxembourg climbed
up into the top 10 from 12th position
in 2013.

Switzerland maintains its 2011,
2012, and 2013 position as number
1 in the GII, as well as its 2012
and 2013 1st place position in the
Innovation Output Sub-Index and
in Knowledge and technology out-
puts and its 2nd place in Creative
outputs. It achieves a spot among
the top 25 in all pillars and sub-
pillars with only four exceptions:
sub-pillars Education (where it
ranks 52nd); Knowledge absorption
(47th), Business environment (32nd),
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Table 1: Global Innovation Index rankings

Country/Economy Score (0-100) Rank Income Rank Region Rank Efficiency Ratio Rank Median: 0.74
Switzerland 64.78 1 HI 1 EUR 1 0.95 6 |
United Kingdom 62.37 2 HI 2 EUR 2 0.83 29 |
Sweden 62.29 3 HI 3 EUR 3 0.85 22 |
Finland 60.67 4 HI 4 EUR 4 0.80 M ]
Netherlands 60.59 5 HI 5 EUR 5 091 12 |
United States of America 60.09 6 HI 6 NAC 1 0.77 57 |
Singapore 59.24 7 HI 7 SEAO 1 0.61 110 L
Denmark 57.52 8 HI 8 EUR 6 0.76 61 L
Luxembourg 56.86 9 HI 9 EUR 7 0.93 9 |
Hong Kong (China) 56.82 10 HI 10 SEAQ 2 0.66 99 ]
Ireland 56.67 n HI " EUR 8 0.79 47 |
(Canada 56.13 12 HI 12 NAC 2 0.69 86 ]
Germany 56.02 13 HI 13 EUR 9 0.86 19 |
Norway 55.59 14 HI 14 EUR 10 0.78 51 |
Israel 55.46 15 HI 15 NAWA 1 0.79 42 |
Korea, Republic of 55.27 16 HI 16 SEAO 3 0.78 54 ]
Australia 55.01 17 HI 17 SEAO 4 0.70 81 |
New Zealand 54.52 18 HI 18 SEAO 5 0.75 66 |
Iceland 54.05 19 HI 19 EUR n 0.90 13 |
Austria 53.41 20 HI 20 EUR 12 0.74 69 |
Japan 5241 21 HI 21 SEAO 6 0.69 88 |
France 52.18 22 HI 22 EUR 13 0.75 64 L
Belgium 51.69 23 HI 23 EUR 14 0.78 55 ]
Estonia 51.54 24 HI 24 EUR 15 0.81 34 |
Malta 50.44 25 HI 25 EUR 16 0.99 3 ]
(Czech Republic 50.22 26 HI 26 EUR 17 0.87 18 |
Spain 49.27 27 HI 27 EUR 18 0.76 60 L
Slovenia 4.3 28 HI 28 EUR 19 078 53 ]
China 46.57 29 UM 1 SEAO 7 1.03 2 |
Cyprus 45.82 30 il 29 NAWA 2 077 56 I
Italy 45.65 31 HI 30 EUR 20 078 52 ]
Portugal 45.63 32 HI 31 EUR 21 0.74 73 |
Malaysia 45.60 33 UM 2 SEAO 8 0.74 72 |
Latvia 44.81 34 HI 32 EUR 22 0.82 32 ]
Hungary 44.61 35 um 3 EUR 23 0.90 15 |
United Arab Emirates 43.25 36 HI 33 NAWA 3 0.54 127 I
Slovakia 41.89 37 HI 34 EUR 24 0.79 45 ]
Saudi Arabia 41.61 38 HI 35 NAWA 4 0.74 70 |
Lithuania 41.00 39 HI 36 EUR 25 0.68 89 I
Mauritius 40.94 40 UM 4 SSF 1 075 65 I
Barbados 40.78 4 HI 37 LCN 1 0.69 87 |
Croatia 40.75 42 HI 38 EUR 26 0.81 36 L
Moldova, Republic of 40.74 L] LM 1 EUR 27 1.07 1 L]
Bulgaria 40.74 4 UM 5 EUR 28 0.84 25 ]
Poland 40.64 45 HI 39 EUR 29 0.72 76 |
Chile 40.64 46 HI 40 LCN 2 0.68 92 I
Qatar 40.31 47 HI 41 NAWA 5 0.60 114 |
Thailand 39.28 48 UM 6 SEAO 9 0.76 62 L
Russian Federation 39.14 49 HI LY} EUR 30 0.79 49 I
Greece 38.95 50 HI 43 EUR 31 0.70 85 I
Seychelles 38.56 51 UM 7 SSF 2 0.74 74 I
Panama 3830 52 UM 8 LCN 3 0.85 20 ]
South Africa 38.25 53 UM 9 SSF 3 0.68 93 I
Turkey 38.20 54 UM 10 NAWA 6 0.93 1 L
Romania 38.08 55 UM n EUR 32 0.84 24 ]
Mongolia 37.52 56 LM 2 SEAO 10 0.68 9% I
Costa Rica 3730 57 UM 12 LCN 4 0.81 38 ]
Belarus 37.10 58 UM 13 EUR 33 0.83 27 |
Montenegro 37.01 59 UM 14 EUR 34 0.62 106 I

TFYR of Macedonia 36.93 60 UM 15 EUR 35 0.70 82 I
Brazil 36.29 61 um 16 LCN 5 0.74 Al |
Bahrain 36.26 62 HI 4 NAWA 7 0.60 17 |
Ukraine 36.26 63 LM 3 EUR 36 0.90 14 L
Jordan 36.21 64 UM 17 NAWA 8 0.80 40 I
Armenia 36.06 65 LM 4 NAWA 9 0.83 28 |
Mexico 36.02 66 UM 18 LCN 6 0.71 79 L
Serbia 35.89 67 um 19 EUR 37 0.79 46 I
Colombia 35.50 68 UM 20 LCN 7 0.63 102 |
Kuwait 35.19 69 HI 45 NAWA 10 0.78 50 L
Argentina 35.13 70 UM 21 LCN 8 0.79 3 L
Viet Nam 34.89 n LM 5 SEAQ n 0.95 5 ]
Uruguay 3476 72 HI 46 LCN 9 0.73 75 I




Table 1: Global Innovation Index rankings (continued)

Country/Economy Score (0-100) Rank Income Rank Region Rank Efficiency Ratio Rank Median: 0.74
Peru 34.73 73 UM 2 LCN 10 0.62 107 ]
Georgia 3453 74 LM 6 NAWA n 0.68 92 |
Oman 33.87 75 HI 47 NAWA 12 0.58 ini |
India 33.70 76 LM 7 CSA 1 0.82 31 ]
Lebanon 33.60 77 UM 23 NAWA 13 0.59 119 ]
Tunisia 32.94 78 UM 24 NAWA 14 0.66 98 |
Kazakhstan 32.75 79 UM 25 CSA 2 0.59 18 |
Guyana 3248 80 LM 8 LCN n 0.74 68 ]
Bosnia and Herzegovina 3243 81 UM 26 EUR 38 0.65 101 |
Jamaica 324 82 UM 27 LCN 12 0.65 100 |
Dominican Republic 32.29 83 UM 28 LCN 13 0.85 21 ]
Morocco 3224 84 LM 9 NAWA 15 0.70 83 |
Kenya 31.85 85 ] 1 SSF 4 0.84 26 /3
Bhutan 31.83 86 LM 10 CSA 3 0.60 112 ]
Indonesia 31.81 87 LM n SEAO 12 0.96 4 | ]
Brunei Darussalam 31.67 88 HI 48 SEAO 13 0.43 139 ]
Paraguay 31.59 89 LM 12 LCN 14 0.75 63 |
Trinidad and Tobago 31.56 920 HI 49 LCN 15 0.63 103 ]
Uganda 31.14 91 ] 2 SSF 5 0.71 77 |
Botswana 30.87 92 UM 29 SSF 6 0.50 133 |
Guatemala 30.75 923 M 13 LCN 16 0.68 95 ]
Albania 30.47 9% UM 30 EUR 39 0.50 131 ]

Fiji 30.39 95 um 31 SEAO 14 0.34 141 |

Ghana 30.26 9% M 14 SSF 7 0.81 37 |
Cabo Verde 30.09 97 LM 15 SSF 8 0.55 126 ]
Senegal 30.06 98 LM 16 SSF 9 0.85 23 |
Egypt 30.03 9 M 17 NAWA 16 0.76 59 .
Philippines 29.87 100 LM 18 SEAQ 15 0.81 35 |
Azerbaijan 29.60 101 um 32 NAWA 17 0.58 120 |
Rwanda 2931 102 Ll 3 SSF 10 0.46 137 |

El Salvador 29.08 103 LM 19 LCN 17 0.60 116 |
Gambia 29.03 104 LI 4 SSF n 0.76 58 |
Sri Lanka 28.98 105 LM 20 CSA 4 0.87 17 |
Cambodia 28.66 106 Ll 5 SEAQ 16 0.74 67 |
Mozambique 28.52 107 Ll 6 SSF 12 0.57 124 ]
Namibia 28.47 108 UM 33 SSF 13 0.55 125 I
Burkina Faso 28.18 109 Ll 7 SSF 14 0.71 78 ]
Nigeria 27.79 110 LM 21 SSF 15 0.94 8 |
Bolivia, Plurinational State of 27.76 m LM 22 LCN 18 0.70 84 ]
Kyrgyzstan 21.75 12 Ll 8 CSA 5 0.46 136 |
Malawi 27.61 113 ] 9 SSF 16 0.67 96 |
Cameroon 27.52 114 M 23 SSF 17 0.80 39 |
Ecuador 27.50 115 um 34 LCN 19 0.63 104 |
(Cote d'lvoire 27.02 116 LM 24 SSF 18 0.93 10 |
Lesotho 27.01 17 M 25 SSF 19 0.40 140 |
Honduras 26.73 118 LM 26 LCN 20 0.53 128 I

Mali 26.18 119 ] 10 SSF 20 0.83 30 |
Iran, Islamic Republic of 26.14 120 UM 35 CSA 6 0.57 122 ]
Zambia 25.76 121 LM 27 SSF 21 0.79 44 ]
Venezuela, Bolivarian Republic of 25.66 122 UM 36 LCN 21 0.95 7 |
Tanzania, United Republic of 25.60 13 Ll n SSF 22 0.60 13 ]
Madagascar 25.50 124 L 12 SSF 23 0.62 105 I
Nicaragua 25.47 125 LM 28 LCN 22 0.53 129 |
Ethiopia 25.36 126 Ll 13 SSF 24 0.67 97 ]
Swaziland 2533 127 LM 29 SSF 25 0.57 123 |
Uzbekistan 25.20 128 LM 30 CSA 7 0.61 108 |
Bangladesh 2435 129 Ll 14 CSA 8 0.68 91 ]
Zimbabwe 2431 130 LI 15 SSF 26 0.79 48 |
Niger 24.27 131 Ll 16 SSF 27 0.50 132 |

Benin 241 132 Ll 17 SSF 28 0.60 15 I
Algeria 24.20 133 um 37 NAWA 18 0.53 130 |
Pakistan 24.00 134 LM 31 CSA 9 0.89 16 |
Angola 23.82 135 UM 38 SSF 29 0.82 33 ]
Nepal 23.79 136 LI 18 CSA 10 0.49 134 |
Tajikistan 2373 137 Ll 19 CSA n 0.45 138 |
Burundi 2.4 138 Ll 20 SSF 30 0.46 135 |
Guinea 20.25 139 Ll 21 SSF 31 0.61 109 |
Myanmar 19.64 140 Ll 22 SEAO 17 0.71 80 |
Yemen 19.53 141 LM 32 NAWA 19 0.60 m I
Togo 17.65 142 LI 23 SSF 32 0.25 142 [ |

Sudan 12.66 143 LM 33 SSF 33 0.09 | |

Note: World Bank Income Group Classification (July 2013): LI = low income; LM = lower-middle income; UM = upper-middle income; and HI = high income. Regions are based on the United Nations Classification: EUR = Europe;

NAC = Northern America; LCN = Latin America and the Caribbean; CSA = Central and Southern Asia; SEAO = South East Asia and Oceania; NAWA = Northern Africa and Western Asia; SSF = Sub-Saharan Africa.
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Table 2: Innovation Input Sub-Index rankings

Country/Economy Score (0-100) Rank Income Rank Region Rank Median: 40.29
Singapore 73.60 1 HI 1 SEAO 1 |
Hong Kong (China) 68.57 2 HI 2 SEAO 2 |
United Kingdom 68.21 3 HI 3 EUR 1 ]
United States of America 67.92 4 HI 4 NAC 1 ]
Finland 67.53 5 HI 5 EUR 2 ]
Sweden 67.46 6 HI 6 EUR 3 |
Switzerland 66.44 7 HI 7 EUR 4 ]
(Canada 66.27 8 HI 8 NAC 2 L]
Denmark 65.52 9 HI 9 EUR 5 |
Australia 64.57 10 HI 10 SEAO 3 ]
Netherlands 63.46 n HI n EUR 6 |
Ireland 63.31 12 HI 12 EUR 7 ]
New Zealand 62.47 13 HI 13 SEAO 4 I
Norway 62.37 14 HI 14 EUR 8 ]
Japan 62.21 15 HI 15 SEAO 5 ]
Korea, Republic of 62.17 16 HI 16 SEAO 6 L
Israel 61.80 17 HI 17 NAWA 1 ]
Austria 61.33 18 HI 18 EUR 9 ]
Germany 60.31 19 HI 19 EUR 10 I
France 59.51 20 HI 20 EUR n I
Luxembourg 58.78 2 HI 2 EUR 12 |
Belgium 58.23 22 HI 22 EUR 13 ]
Estonia 56.81 bi] HI bi] EUR 14 I
Iceland 56.77 24 HI 24 EUR 15 ]
United Arab Emirates 56.23 25 HI 25 NAWA 2 L
Spain 55.94 26 HI 26 EUR 16 I
Czech Republic 53.59 27 HI 27 EUR 17 |
Slovenia 53.07 28 HI 28 EUR 18 |
Portugal 52.56 29 HI 29 EUR 19 I
Malaysia 52.46 30 UM 1 SEAO 7 |
Cyprus 51.73 3 HI 30 NAWA 3 |
Italy 51.21 32 HI 31 EUR 20 L]
Malta 50.57 33 HI 32 EUR 21 L
Qatar 5038 34 HI 33 NAWA 4 ]
Latvia 49.21 35 HI 34 EUR 22 |
Lithuania 4873 36 HI 35 EUR 23 I
Chile 48.44 37 HI 36 LN 1 /a3
Barbados 4832 38 HI 37 LCN 2 |
Saudi Arabia 47.85 39 HI 38 NAWA 5 L
Poland 4731 40 HI 39 EUR 24 L
Hungary 47.04 4 UM 2 EUR 25 |
Mauritius 46.89 Y] UM 3 SSF 1 |
Slovakia 46.75 43 HI 40 EUR 26 I
Greece 45.94 4 HI M EUR 27 ]
China 45.79 45 um 4 SEAO 8 ]
Montenegro 45.61 46 um 5 EUR 28 I
South Africa 45.60 47 UM 6 SSF 2 I
Bahrain 45.45 48 HI Y] NAWA 6 |
Fiji 4521 49 um 7 SEAO 9 I
Croatia 45.10 50 HI LX) EUR 29 I
Mongolia 44.76 51 LM 1 SEAO 10 ]
Thailand 44.75 52 UM 8 SEAO n —
Seychelles 44.45 53 UM 9 SSF 3 L
Bulgaria 4434 54 UM 10 EUR 30 L]
Brunei Darussalam 4430 55 HI 44 SEAO 12 |
Russian Federation 3.77 56 HI 45 EUR 31 L
TFYR of Macedonia 345 57 UM " EUR 32 L
Colombia 43.45 58 UM 12 LCN 3 ]
Oman 42.82 59 HI 46 NAWA 7 L
Peru 42.82 60 um 13 LCN 4 L]
Lebanon 42.22 61 um 14 NAWA 8 ]
Mexico 419 62 UM 15 LCN 5 L]
Brazil 41.74 63 um 16 LCN 6 L
Panama 4140 64 UM 17 LCN 7 _—
Romania 4136 65 UM 18 EUR 33 I
Costa Rica 4130 66 UM 19 LN 8 L
Botswana 41.20 67 um 20 SSF 4 L
Georgia 41.10 68 LM 2 NAWA 9 |
Kazakhstan 41.10 69 um 21 CSA 1 L]
Belarus 40.51 70 UM 2 EUR 34 I
Albania 40.51 n UM 23 EUR 35 L
Jordan 40.29 72 UM 24 NAWA 10 I




Table 2: Innovation Input Sub-Index rankings (continued)

Country/Economy Score (0-100) Rank Income Rank Region Rank Median: 40.29
Uruguay 40.26 73 HI 47 LCN 9 |
Rwanda 40.19 74 LI 1 SSF 5 ||
Serbia 40.06 75 UM 25 EUR 36 |
Bhutan 39.76 76 LM 3 CSA 2 |
Tunisia 39.75 77 UM 26 NAWA n | ]
Turkey 39.66 78 UM 27 NAWA 12 |
Kuwait 39.44 79 HI 48 NAWA 13 _—
Moldova, Republic of 39.42 80 LM 4 EUR 37 [
Armenia 39.39 81 LM 5 NAWA 14 .
Bosnia and Herzegovina 3936 82 UM 28 EUR 38 [
Argentina 39.18 83 UM 29 LCN 10 [
Jamaica 39.17 84 um 30 LCN n |
(abo Verde 38.89 85 LM 6 SSF 6 I
Trinidad and Tobago 38.64 86 HI 49 LCN 12 [
Lesotho 38.58 87 M 7 SSF 7 _
Ukraine 38.15 88 LM 8 EUR 39 ]
Morocco 37.99 89 LM 9 NAWA 15 |
Kyrgyzstan 37.92 90 ] 2 CSA 3 |
Azerbaijan 37.35 91 UM 31 NAWA 16 |
Guyana 37.28 92 LM 10 LCN 13 ]
India 36.97 93 LM n CSA 4 |
Guatemala 36.69 94 LM 12 LCN 14 |
Namibia 36.67 95 UM 32 SSF 8 ]
Mozambique 36.42 96 Ll 3 SSF 9 |
El Salvador 36.42 97 LM 13 LCN 15 |
Uganda 36.32 98 Ll 4 SSF 10 |
Paraguay 36.01 9 LM 14 LCN 16 |
Viet Nam 35.75 100 LM 15 SEAO 13 |
Dominican Republic 34.95 101 um 33 LCN 17 |
Honduras 34.84 102 LM 16 LCN 18 |
Kenya 34.69 103 Ll 5 SSF n |
Egypt 34.05 104 LM 17 NAWA 17 |
Ecuador 337 105 um 34 LCN 19 |
Ghana 33.50 106 LM 18 SSF 12 |
Iran, Islamic Republic of 33.24 107 UM 35 CSA 5 |
Nicaragua 33.22 108 LM 19 LCN 20 |
Malawi 32.97 109 Ll 6 SSF 13 |
Philippines 3293 110 LM 20 SEAO 14 |
Gambia 3292 m LI 7 SSF 14 |
Burkina Faso 32.87 12 L 8 SSF 15 |
Cambodia 32.85 113 Ll 9 SEAO 15 |
Tajikistan 32.82 114 Ll 10 CSA 6 |
Bolivia, Plurinational State of 32.74 15 LM 21 LCN 21 |
Senegal 32.56 116 LM 2 SSF 16 |
Indonesia 3242 17 LM 23 SEAO 16 |
Niger 3235 18 Ll n SSF 17 |
Swaziland 2N 19 LM 24 SSF 18 |
Tanzania, United Republic of 31.98 120 Ll 12 SSF 19 |
Nepal 31.83 121 Ll 13 CSA 7 |
Algeria 31.65 122 UM 36 NAWA 18 |
Madagascar 314 123 LI 14 SSF 20 |
Uzbekistan 31.26 124 LM 25 CSA 8 |
Sri Lanka 30.92 125 LM 26 (SA 9 |
Burundi 30.63 126 Ll 15 SSF 21 |
Cameroon 30.59 127 LM 27 SSF 2 |
Ethiopia 30.36 128 ] 16 SSF 23 |
Benin 30.28 129 Ll 17 SSF 24 ]
Bangladesh 29.00 130 1] 18 CSA 10 |
Zambia 28.74 131 LM 28 SSF 25 |
Mali 28.65 132 Ll 19 SSF 26 |
Nigeria 28.63 133 LM 29 SSF 27 |
Togo 2831 134 LI 20 SSF 28 |
Cote d'Ivoire 28.01 135 M 30 SSF 29 ]
Zimbabwe 27.18 136 ] 21 SSF 30 |
Venezuela, Bolivarian Republic of 26.32 137 UM 37 LCN 22 |
Angola 26.21 138 UM 38 SSF 31 |
Pakistan 25.44 139 LM 31 CSA n |
Guinea 25.14 140 L 2 SSF 32 |
Yemen 2436 14 LM 32 NAWA 19 |
Sudan 23.20 142 LM 33 SSF 33 |
Myanmar 23.03 143 LI 23 SEAO 17 I

Note: World Bank Income Group Classification (July 2013): LI = low income; LM = lower-middle income; UM = upper-middle income; and HI = high income. Regions are based on the United Nations Classification: EUR = Europe;

NAC = Northern America; LCN = Latin America and the Caribbean; CSA = Central and Southern Asia; SEAO = South East Asia and Oceania; NAWA = Northern Africa and Western Asia; SSF = Sub-Saharan Africa.
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Table 3: Innovation Output Sub-Index rankings

Country/Economy Score (0-100) Rank Income Rank Region Rank Median: 29.27
Switzerland 63.11 1 HI 1 EUR 1 ]
Netherlands 57.73 2 HI 2 EUR 2 |
Sweden 57.13 3 HI 3 EUR 3 ]
United Kingdom 56.52 4 HI 4 EUR 4 ]
Luxembourg 54.94 5 HI 5 EUR 5 |
Finland 53.82 6 HI 6 EUR 6 ]
United States of America 52.27 7 HI 7 NAC 1 |
Germany 51.74 8 HI 8 EUR 7 I
Iceland 5133 9 HI 9 EUR 8 ]
Malta 5031 10 HI 10 EUR 9 ]
Ireland 50.04 n HI n EUR 10 |
Denmark 49.52 12 HI 12 EUR n ]
Israel 49.11 13 il 13 NAWA 1 I
Norway 48.82 14 HI 14 EUR 12 |
Korea, Republic of 4837 15 HI 15 SEAO 1 ]
China 47.35 16 UM 1 SEAO 2 |
(zech Republic 46.85 17 HI 16 EUR 13 |
New Zealand 46.57 18 HI 17 SEAO 3 |
Estonia 46.27 19 HI 18 EUR 14 L
(anada 45.99 20 HI 19 NAC 2 |
Austria 45.49 21 HI 20 EUR 15 |
Australia 45.46 22 HI 21 SEAO 4 L
Belgium 45.15 23 HI 22 EUR 16 I
Hong Kong (China) 45.08 24 HI 23 SEAO 5 |
Singapore 44.88 25 HI 24 SEAO 6 |
France 44.85 26 il 25 EUR 17 L
Japan 42.61 27 HI 26 SEAO 7 ]
Spain 42.60 28 HI 27 EUR 18 |
Hungary 4218 29 UM 2 EUR 19 L
Moldova, Republic of 42.06 30 LM 1 EUR 20 ]
Slovenia 4138 3 HI 28 EUR 21 |
Latvia 40.41 32 HI 29 EUR 22 L
Italy 40.09 33 HI 30 EUR 23 .
Cyprus 39.92 34 HI 31 NAWA 2 ]
Malaysia 38.74 35 UM 3 SEAO 8 |
Portugal 38.70 36 HI 32 EUR 24 L
Bulgaria 37.13 37 UM 4 EUR 25 |
Slovakia 37.02 38 HI 33 EUR 26 |
Turkey 36.74 39 UM 5 NAWA 3 -
Croatia 36.40 40 HI 34 EUR 27 L
Saudi Arabia 3537 41 HI 35 NAWA 4 —1
Panama 35.20 2 UM 6 LCN 1 |
Mauritius 34.99 43 UM 7 SSF 1 L
Romania 34.80 44 UM 8 EUR 28 |
Russian Federation 34.50 45 HI 36 EUR 29 |
Ukraine 3437 46 M 2 EUR 30 L
Viet Nam 34.02 47 LM 3 SEAO 9 L
Poland 33.98 48 HI 37 EUR 31 |
Thailand 33.81 49 UM 9 SEAO 10 L
Belarus 33.68 50 UM 10 EUR 32 L
Costa Rica 3331 51 UM n LCN 2 |
Lithuania 33.27 52 HI 38 EUR 33 L
Barbados 33.24 53 HI 39 LCN 3 L
Chile 32.84 54 HI 40 LCN 4 |
Armenia 32.73 55 LM 4 NAWA 5 |
Seychelles 32.68 56 UM 12 SSF 2 L
Jordan 3213 57 UM 13 NAWA 6 L
Greece 31.95 58 HI M EUR 34 .
Serbia 31.73 59 UM 14 EUR 35 L]
Indonesia 31.20 60 LM 5 SEAO 1 L
Argentina 31.07 61 UM 15 LCN 5 |
Kuwait 30.94 62 HI /2 NAWA 7 -
South Africa 30.90 63 UM 16 SSF 3 L
Brazil 30.84 64 UM 17 LCN 6 L
India 30.42 65 LM 6 CSA 1 -
TFYR of Macedonia 30.42 66 UM 18 EUR 36 L]
Mongolia 30.28 67 LM 7 SEAO 12 L]
United Arab Emirates 30.27 68 HI LX) NAWA 8 -
Qatar 30.24 69 HI 44 NAWA 9 L
Mexico 29.86 70 UM 19 LN 7 L]
Dominican Republic 29.64 n UM 20 LN 8 |
Uruguay 29.27 72 HI 45 LCN 9 -




Table 3: Innovation Qutput Sub-Index rankings (continued)

Country/Economy Score (0-100) Rank Income Rank Region Rank Median: 29.27
Kenya 29.01 73 Ll 1 SSF 4 |
Montenegro 284 74 UM 21 EUR 37 |
Georgia 27.95 75 LM 8 NAWA 10 [
Guyana 27.67 76 LM 9 LCN 10 -
Colombia 27.55 77 UM 22 LCN n [
Senegal 27.55 78 M 10 SSF 5 -
Paraguay 27.18 79 LM n LCN 12 |
Bahrain 27.08 80 HI 46 NAWA n [ |
Sri Lanka 27.04 81 LM 12 CSA 2 |
Ghana 27.03 82 LM 13 SSF 6 |
Nigeria 26.95 83 LM 14 SSF 7 [ |
Philippines 26.80 84 LM 15 SEAO 13 |
Peru 26.65 85 UM 23 LCN 13 |
Morocco 26.49 86 LM 16 NAWA 12 |
Tunisia 26.14 87 um 24 NAWA 3 ||
Cote d'Ivoire 26.04 88 LM 17 SSF 8 ]
Egypt 26.01 89 M 18 NAWA 14 -
Uganda 25.96 90 Ll 2 SSF 9 ]
Jamaica 25.65 91 UM 25 LCN 14 |
Bosnia and Herzegovina 2551 92 UM 26 EUR 38 |
Gambia 25.15 923 Ll 3 SSF 10 |
Venezuela, Bolivarian Republic of 24.99 94 UM 27 LCN 15 |
Lebanon 2498 95 um 28 NAWA 15 |
Oman 2492 9% HI 47 NAWA 16 |
Guatemala 24.82 97 LM 19 LCN 16 |
Trinidad and Tobago 2449 98 HI 48 LCN 17 ]
Cambodia 24.46 99 Ll 4 SEAO 14 |
Cameroon 2446 100 LM 20 SSF n |
Kazakhstan 2440 101 UM 29 CSA 3 |
Bhutan 23.89 102 LM 2 CSA 4 |
Mali 3.7 103 Ll 5 SSF 12 |
Burkina Faso 23.49 104 L 6 SSF 13 |
Zambia 22.79 105 LM 22 SSF 14 |
Bolivia, Plurinational State of 2278 106 LM 23 LCN 18 |
Pakistan 2257 107 M 24 CSA 5 |
Malawi 22.25 108 ] 7 SSF 15 |
Azerbaijan 21.84 109 UM 30 NAWA 17 |
El Salvador 2073 110 LM 25 LCN 19 |
Zimbabwe 21.45 m ] 8 SSF 16 |
Angola 21.44 12 UM 31 SSF 17 |
Ecuador 1.8 13 UM 32 LCN 20 |
(Cabo Verde 21.28 114 LM 26 SSF 18 |
Mozambique 20.61 115 Ll 9 SSF 19 |
Botswana 20.54 116 UM 33 SSF 20 |
Albania 20.43 17 um 34 EUR 39 |
Ethiopia 2035 118 Ll 10 SSF 21 |
Namibia 20.28 19 UM 35 SSF 22 |
Bangladesh 19.70 120 L n CSA 6 |
Madagascar 19.58 il LI 12 SSF 23 |
Tanzania, United Republic of 19.21 122 Ll 13 SSF 24 |
Uzbekistan 19.14 123 LM 27 CSA 7 |
Brunei Darussalam 19.04 124 HI 49 SEAO 15 |
Iran, Islamic Republic of 19.04 125 um 36 CSA 8 |
Honduras 18.62 126 M 28 LCN 21 |
Swaziland 18.45 127 LM 29 SSF 25 |
Rwanda 18.43 128 L 14 SSF 26 |
Benin 18.13 129 Ll 15 SSF 27 -
Nicaragua 17.72 130 LM 30 LCN 2 |
Kyrgyzstan 17.58 131 Ll 16 CSA 9 |
Algeria 16.74 132 UM 37 NAWA 18 -
Myanmar 16.25 133 Ll 17 SEAO 16 |
Niger 16.20 134 L 18 SSF 28 |
Nepal 15.74 135 Ll 19 CSA 10 |
Fiji 15.56 136 UM 38 SEAO 17 |
Lesotho 15.45 137 LM 31 SSF 29 |
Guinea 15.35 138 Ll 20 SSF 30 ]
Yemen 14.70 139 LM 32 NAWA 19 |
Tajikistan 14.65 140 L 2 CSA " |
Burundi 14.23 14 Ll 22 SSF 31 |
Togo 6.98 142 L 23 SSF 32 [ |
Sudan 2.11 143 LM 33 SSF 33 |

Note: World Bank Income Group Classification (July 2013): LI = low income; LM = lower-middle income; UM = upper-middle income; and HI = high income. Regions are based on the United Nations Classification: EUR = Europe;

NAC = Northern America; LCN = Latin America and the Caribbean; CSA = Central and Southern Asia; SEAO = South East Asia and Oceania; NAWA = Northern Africa and Western Asia; SSF = Sub-Saharan Africa.
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and General infrastructure (29th).
A knowledge-based economy of
8.0 million people with one of the
highest GDP per capita in the world
(PPP$46,430.1), its high Innovation
Efficiency Ratio (6th highest of
all economies in the index, and
1st among the GII top 10) allows
Switzerland to translate its robust
innovation capabilities into high-
level innovation outputs. In addi-
tion, Switzerland is one of the five
economies at the efficient frontier
(see Annex 3).

The runner-up, the United
(UK) has gradually
improved its ranking over time,
from 3rd place in 2013 (up from 5th
in 2012 and 10th in 2011), and comes
3rd in inputs and 4th in outputs.
The UK places within the top 25 in
all pillars and sub-pillars with only

Kingdom

three exceptions: sub-pillars General
infrastructure (60th), Intangible
(40th),
absorption (29th). With roughly six
times the population of Sweden and

assets and Knowledge

eight times that of Switzerland, these
results are commendable. Relative
weaknesses are in the growth of
its labour productivity (102nd) and
the level of gross capital formation
over GDP (132nd). Other indica-
tors pointed out as weaknesses in
the 2013 findings have since shown
improvement, including its level of
FDI net inflows (improving signifi-
cantly this year, by 37 positions) and
market access conditions to foreign
markets for non-agricultural exports
(improving by five positions), a result
of the country’s economic recovery.
In addition, the UK is one of the five
economies at the efficient frontier.
Sweden occupies 3rd place in
2014 (down from the runner-up
position it held for the last four
years), although it continues to lead
among the Nordic countries. It
ranks 3rd in outputs, and its drop
to 6th place in inputs this year is the

main reason for its fall to 3rd posi-
tion. Sweden does particularly well
in the sub-pillar Research and devel-
opment: its number of researchers
(6th), gross expenditure on R&D
(4th), and average score of the top 3
QS university rankings (14th) are all
good showings. It also ranks 3rd in
Knowledge and technology outputs
because of its high number of PCT
resident patent applications (5th)
and royalties and license fee receipts
(7th). In addition, Sweden is one of
the five economies at the efficient
frontier.

Finland is ranked 4th in the
GII this year (6th in 2013), 5th in
the Input Sub-Index, and 6th in
the Output Sub-Index. It achieves
positions among the top 25 in all
pillars (1st place in Institutions and
Human capital and researchers), 16
out of 21 sub-pillars (1st place in
Political environment), and 56 out of’
the 79 indicators with available data.
Its weakest showing is in Market
sophistication, which, although still
respectable, is slowly declining at
22nd position. At the indicator level,
Finland achieves 1st place in govern-
ment effectiveness; press freedom;
the number of researchers; commu-
nications, computer and information
services exports; ICTs and business
model creation; and ICTs and orga-
nizational model creation. Some
of its major weaknesses (measured
in percent ranks to take account of
missing values) are in gross capital
formation (102nd), the growth rate
of GDP per person employed (87th),
FDI inflows (121st), and intensity of
local competition (83rd). In addition,
Finland is one of the five economies
at the efficient frontier.

The Netherlands is ranked
5th, down from 4th in 2013, yet
still higher than in previous years.
Similar to 2013, it ranks 2nd in
outputs, yet 11th in inputs (down
slightly from 10th in 2013), and

drastically improves its innovation
efficiency by 14 positions to 12th
(2nd after Switzerland among the
GII top 10). The country achieves
leading positions (within the top
25) on all pillars, 16 of the 21 sub-
pillars, and 55 out of 78 indicators
with data, including 1st place in
online e-participation and 2nd place
in both press freedom and country-
code top-level domains. Its major
weakness are in Tertiary education
(although progress was made again
this year—the Netherlands ranks
59th, up from 61st in 2013) and in
General infrastructure (48th, down
from 29th in 2013).

The United States of America
(USA) is ranked 6th, down from 5th
in 2013, and leads the rankings in
Northern America, coming in 4th in
inputs and 7th in outputs. The USA
occupies Ist place in the Market
sophistication sub-pillar and has
leading positions (within the top 25)
for all pillars and in 16 of the 21 sub-
pillars, ranking 1st in Investment. It
is also 1st out of 11 of the 77 indi-
cators with data, including cost of’
redundancy dismissal, government’s
online service, total value of stocks
traded, venture capital deals, num-
ber of GMAT test takers, domestic
resident patent applications, citable
documents H index, computer
software spending, royalty and
license fee receipts, generic top-
level domains, and video uploads
on YouTube. Some areas of concern
persist, however. In Tertiary educa-
tion, where it ranks 41st, the USA
continues to be the victim of its own
success: the high level of'its academic
institutions leads to a 3rd position in
tertiary enrolment, but to relatively
low levels of student exchange with
the rest of the world (where the USA
ranks 49th). The level of tertiary
graduates in science and engineer-
ing is also low (84th), although it

has seen improvements in its weaker




areas, including Ecological sustain-
ability (58th, up from 74th in 2013)
and Intangible assets (72nd, up from
86th in 2013).

Singapore is ranked 7th, up one
position from 2013, and is one of the
five economies at the efficient fron-
tier as well as the leading economy
in Asia. It shows strength across the
board in the Input Sub-Index, where
it takes 1st place: Business sophis-
tication (Ist), Human capital and
research (2nd), Infrastructure (2nd),
Market sophistication (4th), and
Institutions (6th). But it ranks only
25th in the Output Sub-Index, a
result of its 13th place in Knowledge
and technology outputs and 33rd
place in Creative outputs. As a result,
Singapore has the lowest efficiency
ratio of the top 10 (110th—albeit an
improvement from 121st in 2013).
And Singapore has the lowest effi-
ciency ratio of the top 10. Singapore
has aleading position (within the top
25) in 6 out of 7 pillars (including
1st in Business sophistication) and
16 out of 21 sub-pillars, ranking 1st
in 3 of them: Regulatory environ-
ment, Business environment, and
Knowledge absorption. Singapore
performs less well in government
expenditure on education (111th),
communications, computer and
information services exports (96th),
domestic resident trademark appli-
cations (82nd), and printing and
publishing output (73rd).

Denmark is ranked 8th, up
one position from 9th place in
2013. The strength of this coun-
try of 5.6 million people lies in
its solid performance in both the
Input Sub-Index (at 9th place) and
the Output Sub-Index (12th). It
achieves a leading position (within
the top 25) in all pillars and in 13
out of 21 sub-pillars, with strengths
in the cost of redundancy dismissal
(1st), domestic credit to private sec-
tor (2nd), government effectiveness

(3rd), government expenditure on
education (3rd), the number of
researchers (3rd), the number of sci-
entific and technical articles (3rd),
and country-code top-level domains
(3rd). Denmark experience several
steep drops in 2014, resulting in the
country’s main weaknesses: its FDI
net inflows (128th, 61st in 2013),
GERD financed by abroad (53rd,
41st in 2013), high-tech imports less
re-imports (70th, 37th in 2013), and
printing and publishing manufac-
tures (44th, 9th in 2013).
Luxembourg is ranked 9th in
2014 (up three places from 2013),
the first time it has made its way
into the top 10, with a strong
performance in outputs (5th) and
innovation efficiency (9th). Its pillar
rankings of 2nd in Business sophis-
tication (7th in 2013) and 16th in
Knowledge and technology outputs
(43rd in 2013) played a major role in
achieving its place in the top 10. Its
biggest strengths lie in the Creative
outputs pillar, where it ranks 1st
in four indicators: Madrid system
trademark applications, cultural and
creative services exports, national
teature films produced, and generic
top-level domains. Luxembourg’s
weaknesses remain in the cost of
redundancy dismissal, tertiary
enrolment, average QS univer-
sity ranking top 3, ease of getting
credit, ease of protecting investors,
total value of stocks traded, market
access to foreign markets for non-
high-tech
imports less re-imports, growth rate
of GDP per worker, and high- and
medium-high-tech manufactures.

agricultural exports,

Hong Kong (China) is ranked
10th this year, down three posi-
tions from 7th in 2013 and losing
the lead among Asian economies
to Singapore. With a population of
7.2 million and a GDP per capita
of PPP$52,722.0, its major leverage
comes from the Input Sub-Index,

where it ranks 2nd after Singapore.
The economy takes 1Ist place in
Infrastructure, 3rd in Market sophis-
tication (coming after the USA and
the UK), and includes top positions
in the Ecological sustainability,
Credit, and Knowledge absorption
sub-pillars. On the input side, its
relative weakness is in Human capi-
tal and research (although still a very
good 23rd position). Its less good
showing in the Output Sub-Index,
where it ranks 24th (down from 15th
in 2013), is the result of a worsening
position in the key Knowledge and
technology outputs pillar (45th this
year); this is, however, compensated
for by a 6th place in Creative out-
puts. At the indicator level, Hong
Kong (China) achieves 1st place in
10 indicators. Its major weaknesses
are in the Knowledge diffusion
sub-pillar (80th), with poor perfor-
mances in high-tech exports less re-
exports (101st) and communication,
computer and information services
exports (103rd). Other areas of con-
cern are the Education sub-pillar
(57th), with weaknesses in govern-
ment expenditure on education
(97th), government expenditure per
pupil in secondary education (70th),
and pupil-teacher ratio in secondary
education (75th).

The top 10 in the Innovation Input
Sub-Index

The Innovation Input Sub-Index
considers the elements of an econ-
omy that enable innovative activity
through five pillars. The top 10
economies in the Innovation Input
Sub-Index are Singapore, Hong
Kong (China), the UK, the USA,
Finland,
Canada, Demark, and Australia.

Sweden, Switzerland,
Canada and Australia are the only
economies in this group that are not
also in the GII top 10.

Canada is ranked 12th, down
from 11th in 2013. It ranks 8th
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Figure 4: Innovation Output Sub-Index vs. Innovation Input Sub-Index
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Note: Countries/economies are classified according to the World Bank Income Group Classification (July 2013).

overall in the Input Sub-Index, with
top 10 rankings on the Institutions
pillar (7th)—linked to its strong
performance (2nd) in the Business
environment sub-pillar—and the
Market sophistication pillar (5th),
the result of a robust performance in
the Investment (4th) and Trade and
competition (5th) sub-pillars.
Australia is ranked 17th, up two
positions from 19th in 2013. It ranks
10th overall in the Input Sub-Index,
with top 10 rankings on three pillars:
Human capital and research (7th),
Infrastructure (7th), and Market
sophistication (10th). Its strengths
are in the Tertiary education (7th),
Research and development (8th),
ICTs (9th), General infrastructure
(9th), and Trade and competition
(1st) sub-pillars. The effects of the

government’s new venture capital

grants are evident in the improve-
ment of the number of venture capi-
tal deals entered into, an indicator
that shows an improvement of three
places (from 26th to 23rd place). The
results within the Creative goods
and services sub-pillar are mixed,
with two strengths and two weak-
nesses. Australia’s weak variables
include cultural and creative services
exports (52nd) and national feature
films produced (49th); the country’s
strengths include global entertain-
ment and media output (3rd) as well
as printing and publishing output
(5th).

The top 10 in the Innovation Output
Sub-Index

The Innovation Output Sub-Index
variables provide information on
elements that are the result of

innovation within an economy.
Although scores on the Input and
Output Sub-Indices might differ
substantially, leading to important
shifts in rankings from one sub-index
to the other for particular countries,
the data confirm that efforts made to
improve enabling environments are
rewarded with increased innovation
outputs (Figure 4).

The top 10 countries in the
Output  Sub-Index
are Switzerland, the Netherlands,

Innovation

Sweden, the UK, Luxembourg,
Finland, the USA, Germany,
Iceland, and Malta. The USA enters
the list this year (ranked 12th in
2013), while Israel (among the top 10
in 2013) drops to 13th place. Seven
of these countries are in the GII top
10; their profiles are discussed there.




Table 4: Ten best-ranked economies by income group (rank)

Global Innovation Index

Innovation Input Sub-index

Innovation Output Sub-index

Innovation Efficiency Ratio

High-income economies (45 in total)

1 Switzerland (1) Singapore (1) Switzerland (1) Malta (3)
2 United Kingdom (2) Hong Kong (China) (2) Netherlands (2) Switzerland (6)
3 Sweden (3) United Kingdom (3) Sweden (3) Luxembourg (9)
4 Finland (4) United States of America (4) United Kingdom (4) Netherlands (12)
5 Netherlands (5) Finland (5) Luxembourg (5) Iceland (13)
6 United States of America (6) Sweden (6) Finland (6) Czech Republic (18)
7 Singapore (7) Switzerland (7) United States of America (7) Germany (19)
8 Denmark (8) (anada (8) Germany (8) Sweden (22)
9 Luxembourg (9) Denmark (9) Iceland (9) United Kingdom (29)
10 Hong Kong (China) (10) Australia (10) Malta (10) Latvia (32)
Upper-middle-income economies (40 in total)
1 China (29) Malaysia (30) China (16) China (2)
2 Malaysia (33) Hungary (41) Hungary (29) Venezuela, Bolivarian Republic of (7)
3 Hungary (35) Mauritius (42) Malaysia (35) Turkey (11)
4 Mauritius (40) China (45) Bulgaria (37) Hungary (15)
5 Bulgaria (44) Montenegro (46) Turkey (39) Panama (20)
6 Thailand (48) South Africa (47) Panama (42) Dominican Republic (21)
7 Seychelles (51) Fiji (49) Mauritius (43) Romania (24)
8 Panama (52) Thailand (52) Romania (44) Bulgaria (25)
9 South Africa (53) Seychelles (53) Thailand (49) Belarus (27)
10 Turkey (54) Bulgaria (54) Belarus (50) Angola (33)
Lower-middle-income economies (36 in total)
1 Moldova, Republic of (43) Mongolia (51) Moldova, Republic of (30) Moldova, Republic of (1)
2 Mongolia (56) Georgia (68) Ukraine (46) Indonesia (4)
3 Ukraine (63) Bhutan (76) Viet Nam (47) Viet Nam (5)
4 Armenia (65) Moldova, Republic of (80) Armenia (55) Nigeria (8)
5 Viet Nam (71) Armenia (81) Indonesia (60) (ote d'lvoire (10)
6 Georgia (74) Cabo Verde (85) India (65) Ukraine (14)
7 India (76) Lesotho (87) Mongolia (67) Pakistan (16)
8 Guyana (80) Ukraine (88) Georgia (75) Sri Lanka (17)
9 Morocco (84) Morocco (89) Guyana (76) Senegal (23)
10 Bhutan (86) Guyana (92) Senegal (78) Armenia (28)
Low-income economies (21 in total)
1 Kenya (85) Rwanda (74) Kenya (73) Kenya (26)
2 Uganda (91) Kyrgyzstan (90) Uganda (90) Mali (30)
3 Rwanda (102) Mozambique (96) Gambia (93) Zimbabwe (48)
4 Gambia (104) Uganda (98) Cambodia (99) Gambia (58)
5 Cambodia (106) Kenya (103) Mali (103) Cambodia (67)
6 Mozambique (107) Malawi (109) Burkina Faso (104) Uganda (77)
7 Burkina Faso (109) Gambia (111) Malawi (108) Burkina Faso (78)
8 Kyrgyzstan (112) Burkina Faso (112) Zimbabwe (111) Myanmar (80)
9 Malawi (113) Cambodia (113) Mozambique (115) Bangladesh (91)
10 Mali (119) Tajikistan (114) Ethiopia (118) Malawi (96)

Note: Economies with top 10 positions in the Gll, the Input Sub-Index, and the Output Sub-Index within their income group are highlighted in bold.
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Figure 5: Global Innovation Index vs. Innovation Efficiency Ratio
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Note: Countries/economies are classified according to the World Bank Income Group Classification (July 2013).

Iceland is ranked 19th in the
GII, down six positions from 13th
in 2013. This Nordic country of
0.3 million people ranks 24th in
the Input Sub-Index and 9th in the
Output Sub-Index. On the output
side, a 36th position in Knowledge
and technology outputs is explained
by some difficulty in translating
good levels of patenting and sci-
entific publications into high- and
medium-high-tech output (82nd)
and knowledge diffusion (120th).
The main leverage on the output
side comes from its 1st place in
Creative outputs, where Iceland
shows strengths in all sub-pillars
and most indicators, particularly in
online creativity (1st).

Germany is ranked 13th in the
GII, up two places from its 2012 and
2013 position. As has been the case

for the past three years, Germany’s
relative strength lies in the Output
Sub-Index (8th), although it ranks
a respectable 19th in the Input Sub-
Index and shows a balanced profile,
with pillar rankings ranging from
11th to 25th, and all sub-pillars rank-
ing among the top 50. Germany’s
output strengths are attributable to
its 1st place in the citable documents
H index and 5th position in both
domestic resident patent applica-
tions and country-code top-level
domains.

Malta is ranked 25th in the GII
this year, down one place from 2013
with a drop of five places from its
5th place in the Output Sub-Index
in 2013 to 10th place in 2014. With a
rank of 33rd in the Input Sub-Index,
explained in great measure by rela-
tive weakness in Human capital and

research (49th) and Market sophis-
tication (65th), it achieves one of
the highest efficiency ratios (ranked
3rd). Malta ranks 18th in Knowledge
and technology outputs and 8th in

Creative outputs.

Learning to innovate: Top performers by
income group
Identifying the underlying condi-
tions of a country and comparing
performances among peers is the
key to a good understanding of the
implications of a country’s ranking
on the GII. This report attempts to
abide by this underlying principle by
assessing results on the basis of the
development stages of countries.
Table 4 shows the 10 best per-
formers in each index by income

group. The top 28 positions in




the GII are taken by high-income
economies, three fewer than in
2013. Switzerland, the UK, Sweden,
Finland, and the USA are among the
high-income top 10 on the three
main indices, while Switzerland,
Luxembourg, and Malta are the only
economies also in the high-income
top 10 in the efficiency ratio.
Among the upper-middle-
income 10 best performers, only
three remain from 2013: China
(29th), Malaysia (33rd), and Bulgaria
(44th). Hungary (35th), Mauritius
(40th), Thailand (48th), Seychelles
(51st), Panama (52nd), South Africa
(53rd), and Turkey (54th) enter the
list this year, displacing Costa Rica
(57th), Montenegro (59th), Romania
(55th), and the Former Yugoslav
Republic of Macedonia (60th), as
well as Latvia, Lithuania, and Chile
(these latter three were reclassified
as high-income countries during
2013). China, Hungary, Mauritius,
and Bulgaria are among the 10 best
performers in the three indices; of
these, China, Hungary, and Bulgaria
also make it to the upper-middle-
income top 10 in the efficiency ratio.
The same analysis for lower-
middle-income countries shows that
eight of the top 10 countries from
2013 remain in the top 10 this year,
with Morocco (84th) and Bhutan
(86th) displacing Indonesia (87th)
and Guatemala (93rd). The Republic
of Moldova (43rd), Mongolia (56th),
Ukraine (63rd), Armenia (65th),
Georgia (74th), and Guyana (80th)
are among the top 10 in the three
indices; of these, the Republic of
Moldova, Ukraine, and Armenia are
the only countries with top 10 posi-
tions in the efficiency ratio as well.
Among low-income countries,
nine out of 10 economies remain
in the top 10, with Gambia (104th)
displacing Tajikistan (137th). Those
showing above-par performances in
the three indices are Kenya (85th),

Uganda (91st), Gambia (104th),
Cambodia (106th), Mozambique
(107th), Burkina Faso (109th), and
Malawi (113th); all of them, with the
exception of Mozambique, are in the

low-income top 10 on efficiency.

Doing more with less: The Innovation
Efficiency Ratio

While the GII is calculated as the
average of its Input and Output Sub-
Indices, the Innovation Efficiency
Ratio is calculated as the ratio of the
Output over the Input Sub-Index.
The relationship between the GII
rankings and the efficiency ratios
is slightly positive, as expected,
implying that more efficient coun-
tries achieve, on average, better GII
scores (Figure 5).

The efficiency ratio is designed
to be independent from countries’
stages of development, and indeed,
the data reflect this. That said, the
analysis by income group for etfi-
ciency ratios is particularly crucial,
because economies might reach a
relatively high efficiency ratio as
a result of particularly low input
scores. Efficiency ratios must be
analysed jointly with GII, Input,
and Output scores, and with devel-
opment stages of the economies in
mind. Efficiency ratios are reported
next to the GII scores for this reason
(Table 1).

The 10 countries with the high-
est Innovation Efficiency Ratios are
countries that are particularly good
at surmounting relative weaknesses
on their Input Sub-Indices with
relatively robust output results, with
GII rankings ranging from 1st to
122nd: the Republic of Moldova
(43rd), China (29th), Malta (25th),
Indonesia (87th), Viet Nam (71st),
Switzerland (1st), the Bolivarian
Republic of Venezuela (122nd),
Nigeria (110th), Luxembourg (9th),
and Cote d’Ivoire (116th).

Three of the top 10 most effi-
cient economies are high-income
economies: Malta, Switzerland, and
Luxembourg. Within this group of
high-income economies, European
countries take up the first 20 posi-
tions, with the exception of Israel
(14th) and Kuwait (18th). The USA
and Canada are ranked 25th and
37th, respectively. In the high-
income group, 36.7% have better
rankings in outputs than they do in
inputs.

Among upper-middle-income
countries, China and the Bolivarian
Republic of Venezuela are in the top
10. China, Hungary, Bulgaria, and
Malaysia make it to the top 40 glob-
ally in outputs, surmounting lower
capabilities (except for Malaysia,
which ranks 30th in inputs and 35th
in outputs). In this income group,
39.5% of countries have better rank-
ings in outputs than in inputs.

Among lower-middle-income
countries, the Republic of Moldova,
Indonesia, Viet Nam, Nigeria, and
Cote d’Ivoire are among the global
top 10. The Republic of Moldova,
Viet Nam, and Ukraine are in the
global top 50 in outputs, with lower
positions in inputs. Within this
income group, 63.6% of countries
have better rankings in outputs than
in inputs. No low-income countries
are in the top 10 innovation effi-

ciency rankings.

Leaders and learners: The reward of
leveraging strengths and addressing
weaknesses
Figure 6 illustrates the above find-
ings by presenting the GII scores
plotted against GDP per capita
in PPP$ (in natural logs). When
countries’ stages of development are
considered, the GII results can be
interpreted in a new light.

The economies that appear close
to the trend line show results that are
in accordance with what is expected
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Figure 6: Gll scores and GDP per capita in PPP$ (bubbles sized by population)
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Figure 6: Gll scores and GDP per capita in PPP$ (bubbles sized by population): 1S0-2 Country Codes

Code Country Code Country Code Country
AE United Arab Emirates GH Ghana NG Nigeria
AL Albania GM Gambia NI Nicaragua
AM Armenia GN Guinea NL Netherlands
A0 Angola GR Greece NO. Norway
AR Argentina GT G | NP Nepal
AT, Austria GY Guyana NZ New Zealand
AU Australi HK Hong Kong (China) oM Oman
AZ Azerbaijan HN Honduras PA Panama
BA.... ... Bosnia and Herzegovina HR Croatia PE Peru
BB Barbados HU Hungary PH Philippines
BD Bangladesh D Indonesia PK Pakistan
BE Belgium IE Ireland PL Poland
BF Burkina Faso IL Israel PT Portugal
BG Bulgaria IN India PY Paraguay
BH Bahrain R Iran, Islamic Rep. QA Qatar
BI Burundi 1S Iceland RO Romania
BJ Benin IT Italy RS Serbia
BN Brunei Darussalam M Jamaica RU Russian Fed
BO...... ... Bolivia, Plurinational St. J0 Jordan RW Rwanda
BR Brazil P Japan SA Saudi Arabia
BT Bhutan KE Kenya SC Seychelles
BW Botswana kG Kyrgyzstan SD Sudan
BY Belarus KH Cambodi SE Sweden
(A (anada KR Korea, Rep. SG Singap

CH Switzerland Kw Kuwait S| Slovenia
a (ote d'Ivoire kz Kazakhstan SK Slovakia
a Chile LB Lebanon SN Senegal
™ Cameroon LK Sri Lanka Nl El Salvador
N China LS Lesotho SL Swaziland
«© Colombia T Lithuania TG Togo
R Costa Rica LU Luxembourg TH Thailand
Q) (abo Verde LV Latvia T Tajikistan
cy Cyprus MA Morocco 1\ Tunisia
Z Czech Republic MD Moldova, Rep. TR Turkey
DE G y ME M g T Trinidad and Tobago
DK Denmark MG Mad. ar 1z Tanzania, United Rep.
DO Dominican Republic MK TFYR of Macedonia UA Ukraine
DZ Algeria ML Mali UG Uganda
EC Ecuador MM M us United States of America
EE Estonia MN Mongol vy Uruguay
EG Eqgypt MT Malta uz Uzbekistan
ES Spain MU Mauritius VE .oooiieememmsmmnessssnsssseneeneeneeneenee: VEN€ZUENa, Bolivarian Rep.
ET Ethiopia MW Malawi VN Viet Nam
Fl Finland MX Mexico YE Yemen
FJ Fiji My Malaysia ZA South Africa
FR France Mz Mozambig M Zambia
GB United Kingdom NA Namibia W Zimbal

GE Georgia NE Niger
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from their level of development.®® A
majority of economies are in this
category. The farther up and above
the trend line a country appears, the
better its innovation performance
compared with that of its peers at the
same stage of development. White
bubbles in the figure correspond to
the efficient innovators (a majority
of them are situated above the trend
line), while the blue bubbles repre-
sent those countries in the lower half

of the Innovation Efficiency Ratio.

* Among the innovation lead-
ers we find the top 25 countries
already discussed above and in
Box 2: they are the same econ-
omies as in 2013, all with GII
scores above 50. They have suc-
ceeded in creating well-linked
innovation ecosystems where
investments in human capital
thrive in fertile and stable inno-
vation infrastructures to create
impressive levels of innovation

outputs.”’

* The group of innovation learn-
ers (to the left of the diagram)
includes 12 high- and middle-
income countries: the Republic
of Moldova, China, Mongolia,
Viet Nam, India, Jordan, Arme-
nia, Senegal, Malaysia, Thailand,
Ukraine, and Georgia (these
countries appear 10% or more
above the trend line, and are
listed here in order of distance).
They demonstrate rising lev-
els of innovation results because
of improvements made to insti-
tutional frameworks, a skilled
labour force with expanded ter-
tiary education, better innova-
tion infrastructures, a deeper
integration with global credit
investment and trade markets,
and a sophisticated business
community—even if progress on
these dimensions is not uniform

across their economies. Among

low-income countries, Kenya,
Uganda, Mozambique, Rwanda,
Malawi, Gambia, and Burkina
Faso (all from the Sub-Saharan
African region) display above-

par performances.

The paradox of plenty: High Gl rankings
and below-par performances

Nine high-income economies, 21
middle-income economies, and 4
low-income economies show rela-
tive weaknesses in their innovation
ecosystems when compared with
countries of similar income levels
(scores that are 10% or more below
the trend line).

In the Middle East, with the
exception of the United Arab
Emirates, the resource-rich econo-
mies of the Gulf Cooperation
Council (GCC) are in this group:
Qatar, Oman, Kuwait, Saudi Arabia,
and Bahrain. Other high-income
economies included here are Brunei
Darussalam, Trinidad and Tobago,
Greece, and Uruguay.

Although the scaling by GDP of
a few indicators (required for com-
parability across countries) penalizes
these relatively wealthy countries,
they often exhibit relative short-
comings in important areas in which
this effect does not prevail, such as
Institutions, Market sophistication,
and Business sophistication.

These countries, however, are
uniquely positioned to do better in
the years to come. Many of them
have been diversifying towards
innovation-rich sectors already.
But several of these countries are
resource-rich in oil, gas, or some
other natural resource, and their
resource-extracting activities tend
to crowd out investment in other
productive sectors and hinder inno-
vation. This phenomenon—remi-
niscent of what has been called the
‘resource curse’ or the ‘paradox of
plenty’—has been well documented

historically and across regions, and is
noted by the GII.

The middle-income innovation challenge:
The need for knowledge-based growth
strategies
Middle-income countries with
below-par performances, beginning
with the farthest from the trend
line, include Sudan, the Bolivarian
Republic of Venezuela, the Islamic
Republic of Iran, Botswana, Algeria,
Ecuador,

Angola,  Seychelles,

Argentina, Azerbaijan, Yemen,
Swaziland, Kazakhstan, Lebanon,
Namibia, Albania, Nicaragua, El
Salvador, Pakistan, Uzbekistan, and
Honduras.

In previous editions, the GII
posited that countries might develop
their innovation capabilities and
results following an innovation tran-
sition model in four stages, briefly

sketched here.®®

* Stage 1: A critical level must
be reached in all input areas for

innovation activities to take off.

e Stage 2: Innovation results
increase from improvements in
institutions, tertiary education,
infrastructure, and market and
business sophistication.

* Stage 3: Input rankings improve
with an innovation hysteresis
effect that explains the steepness
of the trend line, as illustrated in
Figure 6. Innovation learners are

found in stages 2 and 3.

* Stage 4: For innovation lead-
ers, innovation capabilities and

results stabilize at a higher level.

The remarkable stability of the
top 25 and the steepness of the trend
line between these top 25 and their
middle-income followers is a phe-
nomenon reflecting an inability of
middle-income countries to com-

pete with both high-skill economies




Box 3: Top-scoring middle-income economies narrowing the gap on innovation quality

Not all innovation inputs and outputs have
the same impact on actual innovation.
Where possible, introducing metrics on the
quality of innovation inputs and outputs is
desirable (see Box 3 in the GIl 2013). Three
indicators of innovation quality are used in
the Gll to overcome the traditional quantity-
focused innovation metrics: (1) an indicator
measuring the performance of a country’s
universities (2.3.3, QS university ranking aver-
age score of top 3 universities); one measur-
ing the international scope of domestic
inventions (5.2.5, Patent families filed in at
least three offices); and, finally, one assessing
the extent to which scientific publications
emanating from one country are cited (6.1.5,
Citable documents H index).

Figure 3.1 was constructed by sum-
ming the scores of these three indicators

to the right and low-cost economies
to the left (see Figure 6).

To address this situation, knowl-
edge-based growth strategies are
required to encourage innovation
and creativity through a supportive
ecosystem. To reach that goal, these
middle-income economies must
closely monitor the quality of their
innovation inputs and outputs as yet
another tool to achieve innovation
competitiveness. We find that a few
middle-income countries perform
particularly well on innovation
quality (see Box 3). Other adjust-
ments made to the GII framework
point in the same direction (Annex 2
includes a table summarizing adjust-
ments made this year).

Regional rankings

This section discusses regional and
sub-regional trends, with snapshots
for some of the economies leading

in the rankings. The two countries

to show the best-performing high- and
middle-income economies in these innova-
tion quality variables.

In terms of the innovation quality indi-
cators, the United States of America (USA)
holds the top place within the high-income
group (as compared to its 6th place in
the overall Gl rankings). The USA keeps its
leadership across these quality indicators
for the second year in a row because, in part,
of its top score in the citable documents H
index and its 2nd place in the QS university
ranking average. Japan reaches the 2nd spot
in this innovation quality list, a rise from 4th
position in 2013 and in striking difference
to its lower overall Gll ranking of 21st. In
achieving this position, Japan is helped
by its 1st position in patent families filed
in at least three offices, its 6th position in

in the Northern America region are
examined earlier: The USA’s rank-
ings are discussed in the section on
‘The top 10 in the Global Innovation
Index’ and Canada’s rankings are dis-
cussed in the section on ‘The top 10
in the Innovation Input Sub-Index.’
The other six regions are each con-
sidered here. Table 5 presents a heat-
map with the scores for the top 10,
along with average scores by income
and regional groups. To put the dis-
cussion of rankings further into per-
spective, Figure 7 presents, for each
region, bars representing the median
pillar scores (second quartile) as well
as the range of scores determined by
the first and second quartile; regions
are presented in decreasing order of
their average GII rankings (except
for the EU, which is placed at the
end).

Some observations are notewor-
thy. For example, the great dispersion
seen in South East Asia and Oceania
in the first three pillars is greatly

the citable documents H index, and its 7th
position in the QS university ranking average
score. France (22nd in the overall Gll) and the
Republic of Korea (16th) are similar to Japan
in that they score far better in innovation
quality indicators than in the overall GlI
rankings. France remains in 6th place in the
high-income economies group because of
an overall good performance in the quality
indicators, particularly with the 4th largest
number of citable documents. The Republic
of Korea retains its 10th position with the
2nd highest number of inventions with
international scope, in addition to good
university scores and a higher than average
number of citable documents. Although
Germany does not make it into the overall Gll
top 10, it ranks 3rd in the quality indicators,

(Continued)

reduced in Business sophistication
and Creative outputs; even if it is
still lagging in overall GII rankings,
the group of Sub-Saharan African
countries achieve a better median
score than the median Central and
Southern Asian countries in three
pillars; and the median score in South
East Asia and Oceania is above that
of Europe in Market and Business
sophistication. Although Human
capital and research, Infrastructure,
and Knowledge and technology
outputs present the expected shape,
Institutions, Market sophistication,
Business sophistication, and Creative
outputs present the greatest disper-
sion in median scores compared to
the GII. Knowledge and technology
outputs is now less dispersed, a result
of catching up by Northern Africa
and West Asia, Latin America and
the Caribbean, Central and Southern
Asia, and Sub-Saharan Africa.
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Box 3: Top-scoring middle-income economies narrowing the gap on innovation quality (contd.)

primarily because it has the highest rank for
citable scientific publications.

Top 10 middle-income economies

Because of a change in income group status
from middle income to high income, Chile
and the Russian Federation dropped out of
the top 10 middle-income economies in
this chart this year. The list of top 10 middle-
income economies with the highest scores
in quality indicators continues to be led by
China, which ranks 29th in the Gl and 21st
in quality indicators (29th/21st). China's top
scores in two of the three innovation quality
variables—the QS university average rank-
ing “and the citable documents H index—
result in its continued leadership among
the middle-income countries in terms of

innovation quality indicators.

Apart from the Russian Federation,
which left the middle-income category, the
remaining BRICS economies are in the top
10 on innovation quality. India (76th/29th)
is the only BRICS country that moved down
in overall Gll rank and yet managed to move
up one position on quality in the middle-
income group.

South Africa (53rd/35th) improved in
the quality indicators by one place, primarily
because of its jump in the ranking of patent
families filed in at least three offices—from
81st place in Gl 2013 to 53rd place this year.

Unlike the high-income economies—
which display a more balanced quality indi-
cator score portfolio—the majority in the
middle-income economy group rely more

heavily on the QS university ranking average
to boost their overall quality scores, while
performing less well in patent families filed
in at least three offices. Both China and Brazil
highlight this point. The gap between high-
income and middle-income average perfor-
mance is the largest in patents (36.7 points),
followed by university scores (30.1 points),
then citable documents (28.0 points).

Although neither Chile nor the Russian
Federation made it to the list of top 10 in
their new high-income category, both still
display a much better sum of scores in these
three quality indicators than the majority of
the top 10 middle-income countries.

Figure 3.1: Metrics for quality of innovation: Top 10 high- and top 10 middle-income economies

1 United States of America
2 Japan

3 Germany

4 Switzerland

5 United Kingdom

6 France

7 Canada

8 Netherlands

9 Sweden

High-income economies

10 Korea, Republic of
Average (49 economies)

21 China

27 Brazil

29 India

33 Hungary

35 South Africa
36 Argentina
37 Mexico

39 Seychelles
41 Malaysia

43 Turkey
Average (71 economies)

Middle-income economies

W 2.3.3 QS university ranking average score of top 3 universities
5.2.5 Patent families filed in at least three offices
M 6.1.5 Citable documents H index

100 150 200

Sum of scores

250 300

Notes: Numbers to the left of the economy name are the innovation quality rank. Economies are classified by income according to the World Bank Income Group Classification (July 2013). Upper- and lower-middle income categories

were grouped together as middle-income economies.




Table 5: Heatmap for Gll top 10 economies and regional and income group averages (1-100)

Country/Economy S
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South East Asia and Oceania 41.72
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Latin America and the Caribbean 32.85
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Note: Darker shadings indicate better performances. Countries/economies are classified according to the World Bank Income Group and the United Nations Regional Classifications (July 2012 and 11 February 2013, respectively)

Sub-Saharan Africa (33 countries)

As pointed out in this report’s main
findings, a large group of the inno-
vation learner economies are from
Sub-Saharan Africa. Since the first
edition of this report, only two
Sub-Saharan African countries have
reached positions in the upper half
of the GII rankings: Mauritius has
been in the top half'since 2011 and is

40th in 2014 (up from 54rd in 2013);
and South Africa, which has been
in the top half of the rankings in all
previous editions of the GII, is 53rd
in 2014 (up from 58th in 2013). This
year, however, a new Sub-Saharan
African county has been included
in the GII rankings: Seychelles, 51st
in its first year in the index, is the
third Sub-Saharan African country

to be placed in the upper half of the
GII rankings. In addition, six coun-
tries from this region are ranked
among the top 100: Kenya, Uganda,
Botswana, Ghana, Cabo Verde, and
Senegal.

The remaining 24 countries in
this region can be found at the bot-
tom of the rankings (100 or lower);
13 of them have improved since
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Figure 7: Median scores by regional group and by pillar
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Box 4: Sub-Saharan Africa: A region of innovation learners

Sub-Saharan Africa is the region that sees
the most significant improvement in Gl
rankings in 2014. Thirty-three countries
make up the region in the GlI. Of these 33,17
climb in the rankings this year, three remain
in the same position, two new countries
are added, and the remaining 11 exhibit a
drop in ranking. Three countries—Mauritius
(40th), Seychelles (51st), and South Africa
(53th)—are in the upper half of the overall
Gll rankings.

This year, Rwanda (102nd), Gambia
(104th), Mozambique (107th), Burkina Faso
(109th), and Malawi (113th) join Kenya,
Uganda, and Senegal among the Sub-
Saharan countries referred to as ‘innovation
learners’ (see Figure 6). This is an increase
of five countries—an achievement when
considering that the average GDP per
capita of each of these five nations is below
PPP$2,000. The region now makes up nearly
50% of the innovation learner economies in
this year's rankings. With respect to innova-
tion efficiency, Senegal, Kenya, and Gambia
stand out among economies that are inno-
vation learners. With efficiency ratios (ERs)
of 0.85, 0.84, and 0.76, respectively, these

2013. Kenya, Uganda, Mozambique,
Rwanda, Senegal, Malawi, Gambia,
and Burkina Faso are among inno-
vation learners this year, while
middle-income countries Namibia,
Swaziland, Angola, and Sudan have
below-par performances.

Central and Southern Asia (11 economies)

In all prior editions of the GII, only
India (76th), Kazakhstan (79th), and
Sri Lanka (105th) have consistently
achieved positions among the first
100; this year, Sri Lanka drops out
of the top 100 and is displaced by
Bhutan (86th), a new addition to the

GII. The remaining seven countries

perform above much larger economies such
as India (ER 0.82), Thailand (ER 0.76), and
Georgia (ER 0.68).

Figure 4.1 compares the scores of four
of Sub-Saharan Africa countries (Mauritius,
South Africa, Kenya, and Nigeria) with the
average scores for all Sub-Sahara African
countries, the average scores for upper-
middle-income countries, and the average
scores for high-income countries for all
pillars and indices. The low-income country
grouping includes half of the countries in
Sub-Sahara Africa; on average, their scores
are very close, which is why that income
grouping is not shown separately in the
graph.

Mauritius, one of the innovation learn-
ers, climbs 13 places, from 53rd to 40th
rank. It performs above the upper-middle
income group average score in Gl rank-
ing (40th), the Input Sub-Index (42nd), the
Output Sub-index (43rd), Infrastructure
(67th), Market sophistication (20th), and
Creative outputs (31st). Its greatest strength
is in Institutions (27th), where it performs
above the average score of the high-income
group. It remains below the average of the

of the region can be found at the
bottom of the rankings: Kyrgyzstan
(112th), the Islamic Republic of
Iran (120th), Uzbekistan (128th),
Bangladesh (129th), Pakistan (134th),
Nepal (136th), and Tajikistan (137th).
In 2014, none of the Central and
Southern Asian countries are inno-
vation leaders, with only India as an
innovation learner, and Tajikistan,
Uzbekistan, Pakistan, Kazakhstan,
and Islamic Republic of Iran with
below-par performances relative to
their GDP (Figure 6).

India still comes 1st in the
region, although it is now ranked

7th among lower-middle-income

upper-middle income group in Human capi-
tal and research (80th), yet is closing the gap
in both Business sophistication (80th) and
Knowledge and technology outputs (72nd).

South Africa (improves by five places,
moving up from 58th to 53rd) and also
places above the upper-middle-income
group average score in the three indices:
Gll (53rd), Input (47th), and Output (63rd).
Its relatively strong pillars are Institutions
(44th), Knowledge and technology outputs
(62nd), Business sophistication (68th), and
Creative outputs (70th). However, its great-
est strength is in the Market sophistica-
tion pillar (18th), with a score that is above
the average performance of high-income
economies. Its performance is below par in
Infrastructure (84th) and Human capital and
research (70th).

Kenya, another one of Sub-Saharan
Africa’s innovation learners, improves by 14
places, rising from 99th to 85th in the rank-
ings. It has scores in all three indices that are
above those of the low-income group: Gll
(85th), Input (103rd), and Output (73rd). Its
greatest strengths are in Institutions (97th),
where it performs even above the level of

(Continued)

countries (3rd in 2013) and has
dropped 10 positions in the overall
GII since 2013. With more than
1.2 billion inhabitants and a robust
economy (India showed a GDP per
capita of PPP$4,077.1 in 2013, up
from PPP$3,851.3 of the previous
year), this low-income country is
again among the innovation learn-
ers. As noted earlier, India lost trac-
tion in the Output Sub-Index this
year (65th, down from 42nd in 2013,
but still 1st in the region) over the
Input Sub-Index (93rd, down from
87th in 2013), which led to a further
fall in its efficiency ratio (to 31st this
year, down from 11th in 2013). Weak
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Box 4: Sub-Saharan Africa: A region of innovation learners (contd.)

lower-middle-income countries; and Market
sophistication (40th), in which it scores well
above the upper-middle-income average
and quite close to that of the high-income
group. With only the two exceptions of
Human capital and research (117th) and
Infrastructure (127th), Kenya performs
above all the lower-middle income average
scores—one income group above its own.
Nigeria also improves in the GlI rank-
ings this year, from 120th to 110th place. It
places above both its region’s average and
its income group’s average (lower-middle)
in both its efficiency score (ranked 8th) and
performance in Creative outputs (69th).

This group of Sub-Saharan African
economies in the top half of the Gll rankings,
along with those described as innovative
learners (a few exceptions aside),’ performs
close to or better than the regional aver-
age. The relative performance advantage of
some of these nations is significant, reaching
scores over 35% above the regional average
in some areas. Examples include Mauritius’s
high score in Institutions, Ghana's score in
Human capital and research, Seychelles’
performance in Infrastructure, South
Africa’s high score in Market sophistication,
Rwanda’s levels of Business sophistication,
Gambia’s performance in Knowledge and

Figure 4.1: Sub-Saharan Africa: Best-ranked countries compared

technology outputs, and Seychelles’ score
in Creative outputs.

Note

1 The exceptions are Malawi, Senegal, Burkina Faso,
and Gambia in the Input Sub-Index; Rwanda
in the Output Sub-Index; Mozambique and
Gambia in Institutions; Kenya, Gambia, Burkina
Faso, Malawi, and Senegal in Human capital and
research; Malawi, Burkina Faso, Gambia, Kenya,
and Rwanda in Infrastructure; Seychelles, Uganda,
Burkina Faso, Senegal, and Malawi in Market
sophistication; Senegal in Business sophistication;
and Malawi, Gambia, Rwanda, and Mozambique
in Creative outputs.

B0

Score

=20 Nigeria
— enya
== == Mauritius

== South Africa

I Highincome
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Sub-Saharan Africa mean

0
Global I i | Human Infrastructure Market Business Knowledge (reative
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Index Sub-index Sub-index and technology
research outputs

positions in Institutions (106th) and
Human capital and research (96th),
as well as Business sophistication
(93rd), remain, with rankings in

Knowledge and technology outputs
(50th) and Creative outputs (82nd)
worsening (from 37th and 65th in
2013, respectively). India’s strengths

are in the sub-pillars Knowledge
diffusion (24th), R&D (31st), and
General infrastructure (33rd).




Latin America and the Caribbean

(22 economies)

Latin America and the Caribbean
includes only upper- and middle-
income economies, except for
high-income Barbados, Trinidad
and Tobago, Chile, and Uruguay
(Chile and Uruguay both reclassi-
fied from upper-middle income to
high income in 2013).

This year, Barbados (41st) reaches
1st place in the regional rankings,
followed by Chile (46th) and upper-
middle-income countries Panama
(52nd), Costa Rica (57th), Brazil
(61st), Mexico (66th), Colombia
(68th), and Argentina (70th), all in
the first half of the rankings.

The remaining countries in the
top 100 are Uruguay (72nd), Peru
(73rd), and Guyana (80th), followed
by the two Caribbean countries
Jamaica (82nd) and Dominican
Republic (83rd), as well as Paraguay
(89th), Trinidad and Tobago (90th),
and Guatemala (93rd). The remain-
ing countries are ranked below 100:
El Salvador (103rd), the Plurinational
State of Bolivia (111th), Ecuador
(115th), (118th), the
Bolivarian Republic of Venezuela
(122nd), and Nicaragua (125th).

No countries in the region are

Honduras

among innovation learners this
year; eight display below-par per-
formances relative to their GDP
per capita (Figure 6): Honduras,
El Salvador, Uruguay, Nicaragua,
Argentina, Ecuador, Trinidad and
Tobago, and the Bolivarian Republic
of Venezuela.

Barbados is ranked 41st, up six
positions from 47th place in 2013.
With a population of 0.3 million and
a GDP per capita of PPP$25,180.9,
Barbados ranks 38th in the Input
Sub-Index (up from 42nd in 2013). It
comes in at 53rd in the Output Sub-
Index (down from 49th), primarily
because of a lack of data for pillar 7
Creative outputs. The majority of its

strengths are on the input side, par-
ticularly in the Business sophistica-
tion pillar, where it ranks 5th (from
15th in 2013). Barbados ranks 3rd in
patent families filed in three or more
offices, 7th in joint venture-strategic
alliance deals, and 11th in the num-
ber of GMAT test takers. Although
its position in Human capital and
research continues to deteriorate
(from 38th to 58th), it improved in
Infrastructure (131st to 103rd).
Brazil is ranked 61st (up from
64th in 2013), 16th among upper-
middle-income countries (up from
21st), and 5th in the region (up from
8th). Brazil is one of the four coun-
tries in the region that improves in
the rankings this year. With a popu-
lation of 198.7 million and a GDP
per capita of PPP$12,220.9, Brazil
ranks 63rd in the Input Sub-Index,
64th in the Output Sub-Index, and
71st in the efficiency ratio; it also
shows relative strengths in Business
sophistication (37th), Infrastructure
(60th), Human capital and research
(62nd), Creative outputs (64th),
and Knowledge and technology
outputs (65th). Brazil’s strongest
performance is in the Knowledge
absorption sub-pillar, ranking in the
top 30 for three out of the four vari-
ables. Brazil’s weaknesses remain in
Institutions (95th), particularly in
the Business environment sub-pillar

(137th).

Northern Africa and Western Asia

(19 economies)

Israel (15th) and Cyprus (30th)
achieve the top two positions in
the region for the third year run-
ning. Three of the six countries
of the Gulf Cooperation Council
(GCC) come next: the United
Arab Emirates (36th), Saudi Arabia
(38th), and Qatar (47th). With
per capita incomes ranging from
PPP$29,813.16 (Oman, 75th) to
PPP$98,813.66 (Qatar), most GCC

economies achieve rankings below
those of their peers in GDP per cap-
ita (with the exception of the UAE,
which performs on par with those of
its peers), a feature common to most
resource-rich economies.

In past editions of the GII, GCC
countries appeared all together in a
block right after Israel and Cyprus;
the regional rankings are now more
dispersed: Bahrain (62nd) comes
behind Turkey (54th), Armenia
(65th) and Kuwait (69th) come
behind Jordan (64th), and Oman
(75th) comes behind Georgia (74th).

At the bottom of the regional
rankings we find Lebanon (77th),
Tunisia (78th), Morocco (84th),
Egypt (99th), Azerbaijan (101st),
Algeria (133rd), and Yemen (141st).
Although Israel is the only innova-
tion leader in the region (its profile
is discussed in the section on the
Output Sub-Index top 10), Armenia,
Jordan, and Georgia remain in the
group of innovation learners, while
Saudi Arabia, Lebanon, Azerbaijan,
Yemen, Algeria, Bahrain, Oman,
Kuwait, and Qatar show below-par
performances compared to their

income levels (Figure 6).

South East Asia and Oceania (17 economies)
This region includes 17 economies
that are very dissimilar in levels of
development. The first five rank
among the top 25 in the three indices
(GII, input, and output): Singapore
(7th), which displaces Hong Kong
(China) at the top of the regional
rankings this year; Hong Kong
(China), which is now 10th globally
and 2nd regionally; the Republic of
Korea (16th), Australia (17th), and
New Zealand (18th). These five
economies, as well as Japan (21st),
are innovation leaders, all placing
within the top 25. High-income
Brunei Darussalam ranks a disap-
pointing 88th place (13th out of 17
in the region).
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Among upper-middle-income
economies, China (29th) and
Malaysia (33rd) rank high, with
Thailand climbing from 57th in 2013
to 48th in 2014. Lower-middle-
income Mongolia (56th), Viet Nam
(71st), Indonesia (87th), and upper-
middle income Fiji (95th) and
lower-middle-income Philippines
(100th) are among the top 100.
Low-income Cambodia is ranked
106th and Myanmar—another new
addition to the 2014 GII—is ranked
140th.

China, Mongolia, Viet Nam,
Malaysia, and Thailand are among
the innovation learners this year,
whereas Myanmar and Brunei
Darussalam show below-par perfor-
mance (Figure 6).

For the third year in a row (even
more markedly in 2014), China
shows several remarkable strengths:
Overall, it is ranked 29th, up from
35th in 2012, 1st among upper-
middle-income countries and 7th
in the region. Ranking a strong
2nd in efficiency, China continues
to improve in the Input Sub-Index
(from 46th to 45th) and Output Sub-
Index (from 25th to 16th). China’s
biggest improvement is in the
Creative outputs pillar, partly due to
retaining 1st position in the Creative
goods exports variable (measured
as the total value of creative goods
exports net of re-imports over total
trade), and an improvement from
12th to 8th position in the number of
domestic resident trademark appli-
cations. Moreover, China remains
2nd overall in the Knowledge and
technology outputs pillar, with
strengths in all sub-pillars.

Europe (39 countries)

As last year, a total of 16 European
countries (13 of them from the EU)
are among the top 25: Switzerland
(1st), the UK (2nd), Sweden (3rd),
Finland (4th), the Netherlands (5th),

Denmark (8th), Luxembourg (9th),
Ireland (11th), Germany (13th),
Norway (14th), (19th),
Austria  (20th), France (22nd),
Belgium (23rd), Estonia (24th), and
Malta (25th). All of them achieve
positions in the top 25 in both the

Iceland

Output and Input Sub-Indices with
the exception of France (26th in
outputs) and Malta (33rd in inputs).

Fifteen countries follow among
the top 50, including all remaining
EU countries, with the exception of
Romania (55th): the Czech Republic
(26th), Spain (27th), Slovenia (28th),
Italy (31st), Portugal (32nd), Latvia
(34th), Hungary (35th), Slovakia
(37th), Lithuania (39th), Croatia
(42nd), the Republic of Moldova
(43rd), Bulgaria (44th), Poland (45th),
the Russian Federation (49th), and
Greece (50th).

Romania (55th), Belarus (58th),
Montenegro (59th), the Former
Yugoslav Republic of Macedonia
(60th), Ukraine (63rd), Serbia (67th),
Bosnia and Herzegovina (81st), and
Albania (94th) make up the rest
of the European economies, all of
which are ranked in the top 100. In
addition, the Republic of Moldova
and Ukraine are positioned among
the innovation learners, while
Greece and Albania show below-par
performances (Figure 6).

Ranked 49th, up 11 positions
from its 62nd place in 2013, the
Russian Federation (also dis-
cussed above in the BRICS section)
is ranked 42nd among high-income
countries and 30th in Europe. This
year, the country makes significant
progress in the Output Sub-Index
(from 72nd in 2013 to 45th) closing
gaps in Knowledge and technol-
ogy outputs (from 48th in 2013 to
34th) and Creative outputs (from
101st in 2013 to 72nd). Its relatively
strong position in Human capital
and research (30th) was maintained,
although it fell from 74th to 111th in

Market sophistication this year. The
Russian Federation’s main strengths
are in Education, with robust scores
in pupil-teacher ratio in second-
ary levels, tertiary enrolment, and
graduates in science and engineer-
ing, in addition to Knowledge cre-
ation (number of domestic resident
applications, domestic resident util-
ity model applications, and citable

documents H index).

Conclusion
The Global Innovation Index (GII)
has grown over the years into a
unique study of innovation capa-
bilities and results around the world.
The GII 2014 covers 143 economies
and uses 81 indicators across a range
of themes to analyse innovation in
each economy. Thus the GII 2014
presents us with a rich dataset to
analyse for global innovation trends.
The GII model is revised every
year in a transparent exercise to
improve the way innovation is mea-
sured. Such evolution will continue
over the years as new metrics that
provide better and more accurate
measures of innovation, capabili-
ties, and impact become available.
Therefore the scores and rankings
from one year to the next are not
directly comparable (see Annex 2 for
further details). The GII is focused
both on improving the ‘journey’ to
better measuring and understand-
ing innovation and on identifying
targeted policies and good practices.
Some of the results from GII
2014 mirror those from last year.
We note that high-income econo-
mies continue to dominate the top
10 rankings. Innovation leaders such
as Switzerland consistently score
high on most dimensions of the
GII model. Although not all high-
income economies make it to the top
of the GII rankings, the results show

that innovation divides continue




to exist around the world—across
income groups, across regions, and
also within income groups and
regions. The persistence of these
innovation divides can be traced to
the challenges of making progress in
a holistic manner along all dimen-
sions of the GII model and to the
legacy benefits of investments (in
education, infrastructure, institu-
tions, etc.) made by leading econo-
mies in the sophistication of their
business and market conditions,
among other aspects.

Some interesting new regional
trends are revealed in the GII 2014.
The BRICS economies mostly prog-
ress in the rankings but show some
divergence, with China improving
at a significantly faster pace than
its BRICS counterparts and India
slipping back. If China continues to
improve at this pace, it would not
be a surprise to see that country
move from its current 29th position
to within the top 25 within a few
years. The divergence of India from
the rest of the BRICS economies is
the result of the challenges it faces
in integrating its efforts along the
different dimensions of innovation
to sustain a high level of innovation
success.

A significant development is
evident this year in selected parts of’
Sub-Saharan Africa. Five economies
from this region—Burkina Faso,
Gambia, Malawi, Mozambique,
and Rwanda—entered the group of
innovation learners (economies that
perform greater than or equal to 10%
of their expected level of develop-
ment with respect to GDP—see
Box 4 for more details). Sub-Saharan
Africa now comprises nearly 50% of
the innovation learner economies.
These economies demonstrate ris-
ing levels of innovation, particularly
in the areas of Human capital and
research and Market sophistication.

The GII shows that it is crucial
for lower-income economies to
continue exploring ways to foster
the environments in which new
sources of innovation-based growth
will flourish. These nations also face
the challenges of optimizing the mix
of institutional, infrastructural, and
knowledge-based systems that will
allow them to continue expanding
their human capital, knowledge
production capacity, and overall
technology success.

The theme for this year’s GII is
the ‘Human Factor in Innovation’.
The importance of both individual
and collective efforts of creators and
scientists in the innovation process
has been well documented in the
literature. The results of the GII
provide additional evidence of this
significance. Further analysis of the
GII results shows that the human
factor is more critical for innovation
success in higher-income economies
than in lower-income economies. It
is likely that better educated citi-
zens are more successful in higher-
income economies in leveraging the
favourable contexts (in business and
markets) for driving innovation.

The GII also recognizes that
some important qualitative aspects
of innovation policies and processes
are not captured adequately within
the GII model. Hence the GII report
also includes special analytical chap-
ters and case studies focused on
country experiences. The following
chapters provide additional details
on successful strategies for leverag-

ing the human factor in innovation.

Notes and References for Box 1
Notes

1 UNESCO-UIS Science & Technology Data
Center and OECD Main Science and
Technology Indicators (MSTI), update from
2 May 2014. Data used: GERD, performed by
Business enterprise (in ‘000 PPPS$, constant
prices, 2005). Economies included: Australia,
Austria, Azerbaijan, Belarus, Belgium, Bulgaria,
Canada, Chile, China, Colombia, Costa
Rica, Croatia, Cyprus, the Czech Republic,
Denmark, Estonia, Finland, France, Germany,
Hong Kong (China), Hungary, Ireland, Israel,
Italy, Japan, Kazakhstan, Kyrgyzstan, Latvia,
Lithuania, Luxembourg, Malaysia, Malta,
Mexico, Mongolia, the Netherlands, Norway,
Panama, Poland, Portugal, the Republic of
Korea, the Republic of Moldova, Romania,
the Russian Federation, Serbia, Singapore,
Slovakia, Slovenia, Spain, Sweden, Turkey,
Ukraine, the United Kingdom, and the United
States of America.

2 UNESCO-UIS Science & Technology Data
Center, update from 2 May 2014. Data used:
GERD, performed by Business enterprise
in ‘000 PPPS$ (constant prices, 2005).
Economies included: Austria, Azerbaijan,
Belarus, Belgium, Bulgaria, Canada, China,
Colombia, Costa Rica, Croatia, Cyprus, the
Czech Republic, Denmark, Estonia, Finland,
France, Germany, Hungary, Ireland, Israel,
Italy, Kazakhstan, Kyrgyzstan, Latvia, Lithuania,
Luxembourg, Malaysia, Malta, Mexico,
Mongolia, the Netherlands, Norway, Poland,
Portugal, the Republic of Moldova, Romania,
the Russian Federation, Serbia, Slovakia,
Slovenia, Spain, Sweden, Ukraine, the United
Kingdom, and the United States of America.

3 OECD MSTI, updated 4 February 2014. Data
used: Business enterprise expenditure on
R&D (BERD) at constant 2005 PPP$. OECD
countries are represented by the Main
Science and Technology Indicators (MSTI)
indicator 'OECD-total"

4 Booz & Company, 2013. This growth is based
on a changing sample of firms of the top
1,000 R&D spenders of a given year. Hence
the numbers are upward biased compared
with a stable sample of top R&D firms.

That said, the composition of the top 1,000
spender list is quite stable over time.
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5 UNESCO-UIS Science & Technology Data
Center, updated 5 May 2014. Data used:
GERD in ‘000 PPPS$ (in constant prices,

2005). Countries included: Armenia, Austria,
Azerbaijan, Belarus, Belgium, Brazil, Bulgaria,
Burundi, Canada, Chile, China, Colombia,
Costa Rica, Croatia, Cyprus, the Czech
Republic, Denmark, Egypt, El Salvador,
Estonia, Finland, France, Germany, Guatemala,
Hong Kong (China), Hungary, Iraq, Ireland,
Israel, Italy, Japan, Kazakhstan, Kuwait,
Kyrgyzstan, Latvia, Lithuania, Luxembourg,
Macao (China), Madagascar, Malta, Mexico,
Mongolia, the Netherlands, Norway, Panama,
Poland, Portugal, the Republic of Korea, the
Republic of Moldova, Romania, the Russian
Federation, Serbia, Singapore, Slovakia,
Slovenia, Spain, Sweden, Tajikistan, Trinidad
and Tobago, Turkey, Ukraine, the United
Kingdom, the United States of America, and
Uruguay. For 2011, data were available for all
the above-mentioned countries except for
Brazil, Chile, El Salvador, Guatemala, Hong
Kong (China), Japan, Panama, the Republic of
Korea, Singapore, Trinidad and Tobago, and
Uruguay.

6  OECD MSTI, updated 4 February 2014.
Data used: Gross domestic expenditure on
R&D (GERD) at constant 2005 PPPS. OECD
countries are represented by the Main
Science and Technology Indicators (MSTI)
indicator ‘OECD-total".

7 OECD MSTI, updated 4 February 2014.

8 Batelle and R&D Magazine, 2014.
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Notes and References for Chapter 1
Notes
1 Becker, 1964.

2 Nelson and Phelps, 1966.
3 Lucas, 1988.
4 Aghion and Howitt, 1999.

5 Eurostat and OECD 2005, p. 141.

6 Trantow etal, 2011,
7 Lanvin and Evans, 2013, p. 7.
8  Pritchett, 2006.
9  Luthria and Dale, 2013.
10  Finketal, 2013.
11 Meyer and Wattiaux, 2006.
12 Meyer and Wattiaux, 2006.
13 Kuznetsov and Sabel, 2006.
14 Beechler and Woodward, 2009.
15 Tung and Lazarova, 2007.
16  Leblang, 2011.
17 Carretal, 2005.
18 Dutta etal, 2013.
19 Duttaetal, 2013.
20  See httpy//mineduc.gov.rw/rief/.

21 See http://yourstory.com/2014/04/
innovation-africa-digital-summit-2014.

22 Duttaetal, 2013, p. 23.

23 The three indicators are: university rankings,
patent families and cited documents.

24 Countries are grouped according to the
World Bank classification. Economies are
divided according to 2011 gross national
income (GNI) per capita, calculated using the
World Bank Atlas method. The groups are:
low-income, US$1,025 or less; lower-middle-
income, US$1,026 to US$4,035; upper-
middle-income, US$4,036 to US$12,475; and
high-income, US$12,476 or more.

25 Since 2012, the regional groups have been
based on the United Nations Classification:
EUR = Europe; NAC = Northern America; LCN
= Latin America and the Caribbean; CSA =
Central and Southern Asia; SEAO = South East
Asia and Oceania; NAWA = Northern Africa
and Western Asia; and SSF = Sub-Saharan
Africa.

26 Polynomial of degree 3 with intercept.

27 Although the Czech Republic achieved a
score at the level of all leader economies
(above 50), it is not considered to be a leader
economy because it is not among the top 25.

28  Seethe GII 2012 for a complete overview of
the four stages.
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ANNEX 1

The Global Innovation Index (Gll) Conceptual Framework

The rationale for the Global Innovation
Index

The Global Innovation Index (GII)
project was launched by INSEAD
in 2007 with the simple goal of
determining how to find metrics
and approaches that better capture
the richness of innovation in soci-
ety and go beyond such traditional
measures of innovation as the num-
ber of research articles and the level
of research and development (R&D)
expenditures.’

There were several motivations
for setting this goal. First, innovation
is important for driving economic
progress and competitiveness—
for both developed and developing
economies. Many governments are
putting innovation at the centre of
their growth strategies. Second, the
definition of innovation has broad-
ened—it is no longer restricted to
R&D laboratories and to published
scientific papers. Innovation could be
and is more general and horizontal
in nature, and includes social inno-
vations and business model innova-
tions as well as technical ones. Last
but not least, recognizing and cele-
brating innovation in emerging mar-
kets is seen as critical for inspiring
people—especially the next genera-
tion of entrepreneurs and innovators.

The GII helps to create an envi-
ronment in which innovation factors
are under continual evaluation, and
it provides a key tool and a rich data-
base of detailed metrics for refining

innovation policies.

The GII is not meant to be the
ultimate and definitive ranking of
economies with respect to innova-
tion. Measuring innovation outputs
and impacts remains difficult; hence
great emphasis is placed on mea-
suring the climate and infrastruc-
ture for innovation and on assessing
related outcomes.

Although the end result takes
the shape of several rankings, the
GII is more concerned with improv-
ing the ‘journey’ to better measure
and understand innovation and with
identifying targeted policies, good
practices, and other levers that foster
innovation. The rich metrics can be
used—on the level of the index, the
sub-indices, or the actual raw data
of individual variables—to moni-
tor performance over time and to
benchmark developments against
countries in the same region or of
the same income class.

Drawing on the expertise of
the GII's Knowledge Partners and
its prominent Advisory Board, the
GII model is continually updated to
reflect the improved availability of
statistics and our understanding of
innovation. This year, however, the
model has reached a level of matu-
rity that requires only minor updates
(refer to Annex 2).

An inclusive perspective on innovation

The GII adopts a broad notion of
innovation, originally developed
in the Oslo Manual developed by

the European Communities and

the Organisation for Economic
Co-operation and Development
(OECD)?
An innovation is the implementation of
a new or significantly improved product
(good or service), a new process, a new
marketing method, or a new organizational

method in business practices, workplace
organization, or external relations.

This definition reflects the evolu-
tion of the way innovation has been
perceived and understood over the
last two decades.

Previously economists and pol-
icy makers focused on R&D-based
technological product innovation,
largely produced in-house and
mostly in manufacturing indus-
tries. This type of innovation was
performed by a highly educated
labour force in R&D-intensive
companies. The process leading to
such innovation was conceptualized
as closed, internal, and localized.
Technological breakthroughs were
necessarily ‘radical” and took place at
the ‘global knowledge frontier’. This
characterization implied the exis-
tence of leading and lagging coun-
tries, with low- or middle-income
economies only catching up.

Today, innovation capability is
seen more as the ability to exploit
new technological combinations; it
embraces the notion of incremen-
tal innovation and ‘innovation with-
out research’. Non-R&D innovative
expenditure is an important compo-
nent of reaping the rewards of tech-
nological innovation. Interest in

understanding how innovation takes
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Box 1: Building a statistical and analytical framework of the highly skilled

Human capital is a central element of the in-
novation process, and the highly skilled play
an especially important role in a knowledge-
based economy. Significant efforts are now
being devoted to improving both statistical
and analytical frameworks and the availabil-
ity and quality of the corresponding data to
better understand the contribution of the
human factor and its role in innovation. In
particular, variables of interest for building
indicators along the four different dimen-
sions of measurement concerning the highly
skilled, as elaborated as part of work being
done by the Organisation for Economic
Co-operation and Development (OECD), are
set out in Figure 1.1. These dimensions are
education, occupation, skills, and mobility.
A first set of indicators for measuring
human capital focuses both on the role that
education systems play in building compe-
tencies for science, technology, and innova-
tion and on how this human capital is actu-
ally deployed in the labour market. These
indicators position countries by looking at
the performance of students from a young
age and throughout the education system,
with a special focus on those with scientific
skills; those with science and engineering

degrees; and doctoral holders, who are spe-
cifically trained for research.

Additional indicators look beyond the
education systems to labour market out-
comes (the occupation dimension), the
dimension of skills and related mismatches,
and finally the mobility dimension.

Different data sources may be used to
look at the dimensions illustrated in Figure
1.1. Some may be dedicated to a specific
dimension, such as education statistics; oth-
ers are more general and cover several
dimensions, such as population censuses.
Efforts to measure highly skilled labour at
the international level have long relied on
standard statistical sources such as cen-
suses or labour force surveys. These are par-
ticularly useful with regard to their interna-
tional harmonization and comparability, but
present a number of limitations in terms of
their frequency (population censuses) and
sample size (labour force surveys). It has
also become increasingly apparent that
aggregate numbers derived from such data
mask very heterogeneous situations across
degree levels, fields of education, occupa-
tions, industries, countries, and so on, calling
for the use of complementary information

Figure 1.1: Measurement dimensions of interest for a statistical and
analytical framework of the highly skilled

+ Years of schooling
« Educational level
+ Field of degree

+ Source of funding

« Job-to-job
+ Inter-sectoral
+ International
« ‘Virtual’ (e.g., online
collaboration)

Source: OECD Secretariat.

+ Labour force status
« Employment status
« Place of work

- Earnings

Occupation

Demographics
Sex, Age,
Country of birth,
Nationality

- Cognitive
« 'Soft’ (e.q.,
interpersonal,
communication)
« Entrepreneurial
« Managerial

Note: The variables listed in the figure are not exhaustive, but rather are a minimal set of variables for which data are

considered most informative.

from other data sources. Recent work by
the OECD suggests that a statistical data
framework and infrastructure characterized
by the following statistical activities would
meet the requirements for developing a
comprehensive evidence base of the highly
skilled population across the wide range
of measurement dimensions illustrated in

Figure 1.1:

1. analysis at different levels of aggrega-
tion: macro (basic aggregates), meso
(e.g., industries), and micro (individual
data);

2. consistent coverage of relevant popula-
tions of interest (e.g., researchers, doc-
torate holders, publishing scientists,
etc.); and

3. access to and analysis of data at the
micro level (e.g., enabling the linking
of data collected from different sources
and econometric analysis at the level of
decision-making units).

The following links give examples of
OECD statistical data work and analyses that
use such a framework in different ways:

- Database on education statistics: http://
www.oecd.org/education/database.
htm.

Statistics and indicators on the Careers

of Doctorate Holders: www.oecd.org/
sti/cdh.

- Evidence on the mobility of scientists,
based on bibliometric affiliation data:
http://www.oecd.org/sti/researchers-
on-the-move-the-impact-of-brain-cir-
culation.pdf.

- Database on immigrants in OECD and
non-OECD countries: http://www.oecd.
org/els/mig/dioc.htm.

- Programme for the International
Assessment of Adult Competencies
(PIAAC): http://www.oecd.org/site/
piaac/.




place in low- and middle-income
countries is increasing, along with
an awareness that incremental forms
of innovation can impact develop-
ment. Furthermore, the process of
innovation itself has changed sig-
nificantly. Investment in innova-
tion-related activity has consistently
intensified at the firm, country,
and global levels, adding both new
innovation actors from outside high-
income economies and nonprofit
actors. The structure of knowledge
production activity is more com-
plex and geographically dispersed
than ever.

A key challenge is to find metrics
that capture innovation as it actually
happens in the world today.* Direct
official measures that quantify inno-
vation outputs remain extremely
scarce.” For example, there are no
official statistics on the amount of
innovative activity—defined as the
number of new products, processes,
or other innovations—for any given
innovation actor, let alone for any
given country (see Box 1, Annex 1
of Chapter 1 in the GII 2013). Most
measures also struggle to appropri-
ately capture the innovation outputs
of a wider spectrum of innovation
actors, such as the services sector or
public entities.

The GII aims to move beyond
the mere measurement of such sim-
ple innovation metrics. To do so will
require the integration of new vari-
ables, with a trade-off between the
quality of the variable on the one
hand and achieving good country
coverage on the other hand.

The timeliest possible indicators
are used for the GII: 28.3% of data
obtained are from 2013, 34.6% are
from 2012, 11.6% are from 2011,
5.0% from 2010, and the small
remainder (5.3%) from earlier years.®

Further, the Oslo Manual states
that the human factor is impor-
tant for enabling innovation at the

firm level because ‘much essential
knowledge, particularly technologi-
cal knowledge, is unwritten.”

The theme of this year’s GII,
the ‘Human Factor in Innovation’,
explores the role of the individu-
als and teams behind the innovation
process. Statistically capturing this
human contribution to innovation
is a daunting challenge.

The organizations—such as the
OECD and the National Science
Foundation (NSF)—specializing in
developing new innovation metrics,
for instance, have started to address
this lack of data by attempting to
better understand precisely what is
needed to measure the impact of tal-
ented human capital.

The OECD Innovation Strategy
addresses four key areas when assess-
ing the role of the highly skilled:
education, occupation, skills, and
mobility (see Box 1).

The NSF’s Science and Engineering
Indicators 2014 report points out that
measuring R&D human resources is
not the only way to assess the human
factor in innovation (Box 2). Other
metrics—including employment in
knowledge and technology-inten-
sive industries and business sectors
other than those specific to R&D—

also need to be assessed.

The Gl conceptual framework

The GII is an evolving project
that builds on its previous editions
while incorporating newly available
data and that is inspired by the lat-
est research on the measurement of’
innovation. This year the GII model
includes 143 countries/economies
that represent 92.9% of the world’s
population and 98.3% of the world’s
GDP (in current US dollars). The
GII relies on two sub-indices—the
Innovation Input Sub-Index and the
Innovation Output Sub-Index—
each built around pillars. Four mea-
sures are calculated (see Figure 1):

1. Innovation Input Sub-Index:
Five input pillars capture ele-
ments of the national economy

that enable innovative activities.

Sub-

Innovation outputs

2. Innovation Output
Index:
are the results of innovative
activities within the economy.
Although the Output Sub-Index
includes only two pillars, it has
the same weight in calculating
the overall GII scores as the Input
Sub-Index.

3. The overall GII score is the
simple average of the Input and
Output Sub-Indices.

4. The Innovation Efficiency
Ratio is the ratio of the Output
Sub-Index to the Input Sub-
Index. It shows how much inno-
vation output a given country is

getting for its inputs.

Each pillar is divided into three
sub-pillars, each of which is com-
posed of individual indicators, for
a total of 81 indicators. The GII
pays special attention to present-
ing a scoreboard for each econ-
omy that includes strengths and
weaknesses (Appendix I Country/
Economy Profiles), making accessi-
ble the data series (Appendix II Data
Tables), and providing data sources
and definitions (Appendix III) and
detailed technical notes (Appendix
IV). Adjustments to the GII frame-
work, including a detailed analysis
of the factors influencing year-on-
year changes, are detailed in Annex
2. In addition, since 2011 the GII
has been submitted to an indepen-
dent statistical audit performed by
the Joint Research Centre of the
European Union (results are detailed
in Annex 3).

A table is included here for each
pillar. That table provides a list of
the pillar’s indicators, specifying
their type (composite indicators are

E
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Box 2: New measurement approaches show innovation outside of R&D laboratories

Measuring the human factor in innovation
is an important part of understanding the
economic and social conditions that fos-
ter innovation and assessing its impact.
The National Science Foundation’s National
Center for Science and Engineering Statistics
(NCSES) has indicators on the human fac-
tor in innovation largely from data on the
education, occupations, and activities of
highly skilled people in the United States
of America and worldwide. The NCSES
reports much of this human innovation—
related data in the National Science Board's

biannual publication Science and Engineering
Indicators (SE).

SEI 2014 reported several findings that
shed light on the human factor in inno-
vation. The first highlights the important
role of scientists and engineers who use
their knowledge in research and develop-
ment (R&D)." The 2010 data are from the
National Science Foundation’s SESTAT data-
base,” which indicate that 27% of employed
US scientists and engineers reported R&D
as a primary or secondary work activity
(Figure 2.1). Although the scientists and

engineers employed in S&E occupations
are those most likely to perform R&D (57%)
as a primary or secondary work activity, a
considerable proportion of those in S&E-
related (21%) or non-S&E occupations (16%)
also reported R&D as a primary or second-
ary activity.

To get at a more refined notion of the
human factor in commercial innovation,
for the first time in 2014, SE/ 2014 reported
employment in US knowledge- and tech-
nology-intensive industries (Table 2.1). This
group consists of eightindustries comprising

Figure 2.1: Employed scientists and engineers with R&D activity, by broad field of highest degree and broad

occupational category, 2010

Percent

0
Al fields

Source: NSF/NCSES, 2010.

I S&E occupations
W S&E-related occupations

Non-S&E occupations

S&E field S&E-related field

Non-S&E field

Notes: Scientists and engineers include those with one or more S&E or S&E-related degrees at the bachelor's level or higher or those who have only a non-S&E degree at the bachelor’s level or higher and are
employed in an S&E or S&E-related occupation. R&D activity here refers to the share of workers reporting basic research, applied research, design, or development as a primary or secondary work activity in
their principal job—activities ranking first or second in work hours.

identified with an asterisk %, survey
questions with a dagger ‘1, and the
remaining indicators are hard data);
their weight in the index (indica-
tors with half weight are identified
with the letter ‘2’); and the direction
of their effect (indicators for which
higher values imply worse out-

comes are identified with the letter

‘b’). The table then provides each
indicator’s average values (in their
respective units) per income group
(World Bank classification) and for
the whole sample of 143 economies
retained in the final computation

(Tables 1a through 1g).

(Continued)

The Innovation Input Sub-Index

The first sub-index of the GII, the
Innovation Input Sub-Index, has five
enabler pillars: Institutions, Human
capital and research, Infrastructure,
Market sophistication, and Business
Enabler
define aspects of the environment

sophistication. pillars




Box 2: New measurement approaches show innovation outside of R&D laboratories (continued)

Table 2.1: Employment and R&D for selected US industries, 2012 or most recent year

Employment Average salary Business R&D

Industry (millions of persons) S&E share (actual US dollars) (2009) (US$ billions)
All industries 133.7 44 45,000 282.4
Commercial Kl services 18.4 15.8 68,000 78.8
HT manufacturing 18 26.4 70,000 1359

Sources: BEA, Annual Industry Accounts, available at http://www.bea.gov/industry/index.htm#annual; BLS, Current Employment Statistics, available at http://www.bls.gov/ces/; BLS, Occupational Employment Statistics, special

tabulations, accessed 15 July 2013; NSF/NCSES, 2013; NSB, 2014.

Notes: Business R&D consists of domestic funding by companies’ own internal funds and funds from other sources. Employment consists of the nonagricultural workforce. HT manufacturing industries and Kl services are classified by
the Organisation for Economic Co-operation and Development. HT manufacturing includes computers, communications, semiconductors, electronic and measuring instruments, aircraft and space vehicles, and pharmaceuticals.
Kl services include health, education, business, information, and financial services. Commercial Kl services include business, information, and financial services. Business R&D of commercial K| services consists of professional and
technical services and information. Coverage of some industries may vary among data sources due to differences in classification of industries. Salaries are rounded to the nearest thousand.

three commercial knowledge-intensive (KI)
services—business, financial, and telecom-
munications; and five high-technology (HT)
industries—aircraft and spacecraft, commu-
nications and semiconductors, computers,
pharmaceuticals, and scientific instruments.
US commercial Kl services industries employ
18 million workers, or 14% of the non-gov-
ernment US labour force; US HT manufactur-
ing industries employ 1.8 million workers, or
16% of the US manufacturing labour force
(this comes to 1% of the total US non-gov-
ernment labour force). Both commercial Kl
services and HT manufactures pay higher-
than-average wages because, in part, of
their high concentration of highly skilled S&E
workers. These data together cover a fuller
range of human contributions to innovative
business sectors, going beyond direct R&D
personnel alone.

However, more work remains if we are
to fully measure the human factor in inno-
vation. The current approach of using data
from education and labour force surveys

conducive to innovation within an

economy.

Pillar 1: Institutions

Nurturing an institutional frame-
work that attracts business and fos-
ters growth by providing good gov-
ernance and the correct levels of
protection and incentives is essential

provides an incomplete picture of the
human impact on innovation. One limita-
tion to this approach is the lack of system-
atic data on the skills themselves, which is
arguably as important as data on occupa-
tion or education in human capital. A further
limitation is the lack of data on the techno-
logical know-how of employees and work-
ers. Technological know-how is probably at
least as important as formal education and
training, and it becomes increasingly impor-
tant as individuals advance in their careers.
Advances in gathering data that allow for
the more precise measurement of the skills
and know-how of the people who work in
these fields would help economies tailor
policies to enhance the human factor of the
innovative environment.

Notes

1 Scientists and engineers are defined as people
who work in science and engineering (S&E) or
S&E-related occupations or who hold at least a
bachelor’s level degree in an S&E or S&E-related
field.

to innovation. The Institutions pillar
captures the institutional framework
of a country (Table 1a).

The political environment sub-
pillar includes three indices that
reflect perceptions of the likelihood
that a government might be destabi-
lized; the quality of public and civil
services, policy formulation, and

2 The Scientists and Engineers Statistical Data

System (SESTAT) database is available at http://
ncsesdata.nsf.gov/sestat/sestat.html.
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Figure 1: Framework of the Global Innovation Index 2014

Global Innovation Index
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Sub-Index

Innovation Output
Sub-Index
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Regulatory Tertiary General Innovation Knowledge Creative goods
environment education infrastructure Investment linkages impact and services
Business Research & Ecological Trade & Knowledge Knowledge Online
environment development sustainability competition absorption diffusion creativity

evaluating the extent to which the
rule of law prevails (in aspects such
as contract enforcement, property
rights, the police, and the courts).
The third indicator evaluates the
cost of redundancy dismissal as the
sum, in salary weeks, of the cost of
advance notice requirements added
to severance payments due when
terminating a redundant worker.
The business environment sub-
pillar expands on three aspects that
directly affect private entrepreneur-
ial endeavours by using the World
Bank indices on the ease of start-
ing a business; the ease of resolv-
ing insolvency (based on the recov-
ery rate recorded as the cents on the
dollar recouped by creditors through
reorganization, liquidation, or debt
enforcement/foreclosure proceed-
ings); and the ease of paying taxes.

Pillar 2: Human capital and research

The level and standard of education
and research activity in a country are
prime determinants of the innova-
tion capacity of a nation. This pillar
tries to gauge the human capital of
countries (Table 1b).

The first sub-pillar includes a
mix of indicators aimed at captur-
ing achievements at the elemen-
tary and secondary education levels.
Education expenditure and school
life expectancy are good proxies for
coverage. Government expenditure
per pupil, secondary gives a sense of
the level of priority given to second-
ary education by the state. The qual-
ity of education is measured through
the results to the OECD Programme
for International Student Assessment
(PISA), which examines 15-year-old

students’ performances in reading,

mathematics, and science, as well as
the pupil-teacher ratio.

Higher education is crucial for
economies to move up the value
chain beyond simple production
processes and products. The sub-
pillar on tertiary education aims at
capturing coverage (tertiary enrol-
ment); priority is given to the sectors
traditionally associated with innova-
tion (with a series on the percentage
of tertiary graduates in science and
engineering, manufacturing, and
construction); and the inbound and
mobility of tertiary students, which
plays a crucial role in the exchange
of ideas and skills necessary for
innovation.

The last sub-pillar, on R&D,
measures the level and quality of
R&D activities, with indicators
on researchers (headcounts), gross




expenditure, and the quality of sci-
entific and research institutions as
measured by the average score of
the top three universities in the QS
World University Ranking of 2013.
By design, this indicator aims at
capturing the availability of at least
three higher education institutions
of quality within each economy (i.e.,
included in the global top 700), and
is not aimed at assessing the average
level of all institutions within a par-

ticular economy.

Pillar 3: Infrastructure

The third pillar includes three sub-
pillars: information and communi-
cation technologies (ICTs), general
infrastructure, and ecological sus-
tainability (Table 1c).

Good and ecologically friendly
communication, transport, and
energy infrastructures facilitate the
production and exchange of ideas,
services, and goods and feed into the
innovation system through increased
productivity and efficiency, lower
transaction costs, better access to
markets, and sustainable growth.

The ICTs sub-pillar includes
four indices developed by interna-
tional organizations on ICT access,
ICT use, online service by govern-
ments, and online participation of
citizens.

The sub-pillar on general infra-
structure includes the average of
electricity output in kWh per cap-
ita; a composite indicator on logistics
performance; and gross capital for-
mation, which consists of outlays on
additions to the fixed assets and net
inventories of the economy, includ-
ing land improvements (fences,
ditches, drains); plant, machinery,
and equipment purchases; and the
construction of roads, railways, and
the like, including schools, offices,
hospitals, private residential dwell-
ings, and commercial and industrial

buildings.

Table 1a: Institutions pillar

Indicator

Average value by income group (0-100)

Lower-middle Low
income income Mean

High Upper-middle
income income

1 Institutions

1.1 Political environment
1.1.1 Political stability*

1.1.2 Government effectiveness® ...

113 Press freedom*

1.2 Regulatory environment
1.2.1 Regulatory quality*®

1.2.2 Rule of law*?

1.2.3  Cost of redundancy dismissal, salary weeks?
1.3 Business environment

1.3.1 Ease of starting a business*...
1.32 Ease of resolving insolvency*

1.33 Ease Of PaYiNg taXeS¥ ..

.68.90
. 2245
.. 5644 ...

Note: (*) index, (1) survey question, (a) half weight, (b) higher values indicate worse outcomes.

Table 1h: Human capital & research pillar

Average value by income group (0-100)

High Upper-middle  Lower-middle Low
Indicator income income income income Mean
2 Human capital and research
2.1 Education
2.1.1 Expenditure on education, % GDP.......cccceveus 5.28 i 469 i A67 i 423 i 481

2.1.2 Gov't expend on edu./pupil, secondary1

2.1.3 School life expectancy, years......... 134 11.67 . .
214 PISA scales in reading, maths & science®......... 496.34 ....... 427.85 ...... 360.19 .......... N/a ....... 469.85
2.15 Pupil-teacher ratio, secondarya'b.................................. 11.18 .. 16,16 .......... 20.03 ........... 2817 17.54
2.2 Tertiary education

22.1 Tertiary enrolment, % grossd.......mme: 62.50 .0 43.02 e 23.16 . 946 ... 39.50

2.2.2 Graduates in science & engineering, %.
2.2.3 Tertiary inbound mobility, %°............

2.3 Research and development (R&D)

2.3.1 Researchers, headcounts/mn pop............. 491858 ....1,192.64 ...
e 1,67
. 4137,

232
233

Gross expenditure on R&D, % GDP....
QS university ranking, average score top 3*.

121,

508.06 ...
.0.28.
. 547.

122.86 .... 2,155.99
..0.90
19.81

Note: (*) index, () survey question, (a) half weight, (b) higher values indicate worse outcomes.

T Scaled by percent of GDP per capita.

The sub-pillar on ecological
sustainability includes three indi-
cators: GDP per unit of energy
use (a measure of efficiency in the
use of energy), the Environmental
Performance Index of Yale and
Columbia Universities, and the
number of certificates of confor-
mity with standard ISO 14001 on
environmental management systems
issued.

Pillar 4: Market sophistication
The ongoing global financial cri-
sis has underscored how crucial the
availability of credit, investment
funds, and access to international
markets is for businesses to prosper.
The Market sophistication pillar has
three sub-pillars structured around
market conditions and the total level
of transactions (Table 1d).

The credit sub-pillar includes a
measure on the ease of getting credit

E
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Table 1c: Infrastructure pillar

Indicator

Average value by income group (0-100)

High Upper-middle  Lower-middle Low
income income income income Mean

3 Infrastructure

3.1 Information and communication technologies (ICTs)

3.1.1 ICT access*

3.1.2 ICT use*

3.1.3 Government’s online service®..............
3.14 E-participation*

3.2 General infrastructure

321 Electricity output, KWh/Cap......cccn: 9,476.98

322 Logistics performance*....
3.2.3 Gross capital formation, % GD
3.3 Ecological sustainability

33.1 GDP/unit of energy use, 2005 PPP$/kg oil eq
3.3.2 Environmental performance®..
3.3.3 1SO 14001 environ. certificates/bn PPP& GDP?

349..

738 e
578 .
049 .o

Note: (*) index, () survey question, (a) half weight, (b) higher values indicate worse outcomes.

Table 1d: Market sophistication pillar

Indicator

Average value by income group (0-100)

High Upper-middle  Lower-middle Low
income income income income Mean

4 Market sophistication

4.1 Credit

4.1.1  Ease of getting credit® ...
4.1.2  Domestic credit to private sector, % GDP.
4.1.3 Microfinance gross loans, % GDP......

4.2 Investment

4.2.1 Ease of protecting investors*...
422 Market capitalization, % GDP?..
4.2.3 Total value of stocks traded, % GDP?..
4.24 Venture capital deals/tr PPP$ GDP?

4.3 Trade and competition
4.3.1 Applied tariff rate, weighted mean, %%b.......

4.3.2 Non-agricultural mkt access weighted tariff, %2
433 Intensity of local competition® ...

Note: (*) index, () survey question, (a) half weight, (b) higher values indicate worse outcomes.

aimed at measuring the degree to
which collateral and bankruptcy
laws facilitate lending by protecting
the rights of borrowers and lend-
ers, as well as the rules and prac-
tices affecting the coverage, scope,
and accessibility of credit informa-
tion. Transactions are given by the
total value of domestic credit and, in
an attempt to make the model more
applicable to emerging markets, by

the gross loan portfolio of microfi-
nance institutions.

The
includes the ease of protecting inves-

investment sub-pillar
tors index as well as three indicators
on the level of transactions. To show
whether market size is matched by
market dynamism, stock market
capitalization is complemented by
the total value of shares traded. The
last metric is a hard data metric on

venture capital deals, taking into

account a total of 18,860 deals in 71
countries in 2013.

The last sub-pillar tackles trade
and competition. The market con-
ditions for trade are given by two
indicators: the average tariff rate
weighted by import shares and a
measure capturing non-agricultural
market access conditions to foreign
markets (five major export mar-
kets weighted actual applied tariffs
for non-agricultural exports). The
third and last indicator is a survey
question that reflects on the inten-
sity of competition in local markets.
Efforts made at finding hard data
on competition have so far proved

unsuccessful.

Pillar 5: Business sophistication

The last enabler pillar tries to cap-
ture the level of business sophistica-
tion to assess how conducive firms
are to innovation activity (Table le).
The Human capital and research
pillar (pillar 2) made the case that
the accumulation of human capital
through education, and particularly
higher education and the prioritiza-
tion of R&D activities, is an indis-
pensable condition for innovation to
take place. That logic is taken one
step further here with the assertion
that businesses foster their produc-
tivity, competitiveness, and innova-
tion potential with the employment
of highly qualified professionals and
technicians.

The first sub-pillar includes four
quantitative indicators on knowl-
edge workers: employment in
knowledge-intensive services; the
availability of formal training at the
firm level; R&D performed by busi-
ness enterprise (GERD) as a percent-
age of GDP (i.e., GERD over GDP);
and the percentage of total gross
expenditure of R&D thatis financed
by business enterprise. In addition,
the sub-pillar includes an indicator
related to the Graduate Management




Admission Test (GMAT).? The total
number of GMAT test takers (scaled
by population aged 20 to 34 years
old) were taken as a proxy for the
entrepreneurial mindset of young
graduates).

Innovation linkages and public/
private/academic partnerships are
essential to innovation. In emerg-
ing markets, pockets of wealth have
developed around industrial or tech-
nological clusters and networks, in
sharp contrast to the poverty that
may prevail in the rest of the terri-
tory. The innovation linkages sub-
pillar draws on both qualitative and
quantitative data regarding business/
university collaboration on R&D,
the prevalence of well-developed
and deep clusters, the level of gross
R&D expenditure financed by
abroad, and the number of deals
on joint ventures and strategic alli-
ances. The latter covers a total of
2,978 deals announced in 2013, with
firms headquartered in 127 partici-
pating economies.” In addition, the
total number of Patent Cooperation
Treaty (PCT) and national office
published patent family applications
filed by residents in at least three
offices is included this year to proxy
for international linkages.

In broad terms, pillar 4 on mar-
ket sophistication makes the case
that well-functioning markets con-
tribute to the innovation environ-
ment through competitive pressure,
efficiency gains, and economies of
transaction and by allowing supply
to meet demand. Markets that are
open to foreign trade and investment
have the additional effect of expos-
ing domestic firms to best practices
around the globe, which is critical
to innovation through knowledge
absorption and diffusion, which are
considered in pillars 5 and 6. The
rationale behind sub-pillars 5.3 on
knowledge absorption (an enabler)
and 6.3 on knowledge diffusion (a

Table 1e: Business sophistication pillar

Average value by income group (0-100)

High Upper-middle  Lower-middle Low
Indicator income income income income Mean
5 Business sophistication
5.1 Knowledge workers
5.1.1 Knowledge-intensive employment, %..........c..... 37.42 . 2237 i 1748 [ —

5.1.2  Firms offering formal training, % firms.....
5.1.3  GERD performed by business, % GDP?....
5.14 GERD financed by business, %?

5.1.5 GMAT test takers/mn pop. 20-342

5.2 Innovation linkages

5.2.1 University/industry research collaboration ..
5.2.2 State of cluster developmentf.
5.2.3 GERD financed by abroad, %
524 JV-strategic alliance deals/tr PPP$ GDPA.........coee

52.5 Patent families filed in 3+ offices/bn PPP$ GDP?... 1.11 ....

5.3 Knowledge absorption

53.1 Royaly & license fees pay'ts, % total trade?..
5.3.2 High-tech imports less re-imports, %
5.33 Comm.,, comp. & info services imp., % tot. trade ..
534 FDINetinflows, % GDP.......rmmmmmmmssnn:

1.55 ...
935 ...
1.21 ..
4.55 ...

3168 ...

Note: (*) index, (1) survey question, (a) half weight, (b) higher values indicate worse outcomes.

result)—two sub-pillars designed to
be mirror images of each other—
is precisely that together they will
reveal how good countries are at
absorbing and diffusing knowledge.

Sub-pillar 5.3 includes four sta-
tistics that are linked to sectors with
high-tech content or are key to
innovation: royalty and license fees
payments as a percentage of total
trade;'® high-tech imports (net of
re-imports) as a percentage of total
imports; imports of communication,
computer and information services
as a percentage of total trade;'' and
net inflows of foreign direct invest-
ment (FDI) as a percentage of GDP.

The Innovation Output Sub-Index

Innovation outputs are the results
of innovative activities within the
economy. Although the Output
Sub-Index includes only two pillars,
it has the same weight in calculating
the overall GII scores as the Input
Sub-Index. There are two output
pillars: Knowledge and technology

outputs and Creative outputs.

Pillar 6: Knowledge and technology outputs
This pillar covers all those vari-
ables that are traditionally thought
to be the fruits of inventions and/
or innovations (Table 1f). The first
sub-pillar refers to the creation of
knowledge. It includes five indica-
tors that are the result of inventive
and innovative activities: patent
applications filed by residents both
at the national patent office and at
the international level through the
PCT; utility model applications filed
by residents at the national office;
scientific and technical published
articles in peer-reviewed journals;
and an economy’s number of arti-
cles (H) that have received at least
H citations.

The second sub-pillar, on knowl-
edge impact, includes statistics rep-
resenting the impact of innovation
activities at the micro- and macro-
economic level or related proxies:
increases in labour productivity, the
entry density of new firms, spend-
ing on computer software, and the
number of certificates of conformity
with standard ISO 9001 on quality
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Table 1f: Knowledge & technology outputs pillar

Average value by income group (0-100)

High Upper-middle  Lower-middle Low

Indicator income income income income Mean
6 Knowledge and technology outputs
6.1  Knowledge creation
6.1.1 Domestic resident patent app/bn PPP$ GDP?...... 7.33 e 3.38 s 232 s 1.35 i 458

6.1.2 PCT resident patent app/bn PPP$ GDP?

6.1.3 Domestic res utility model app/bn PPP$ GDP.......
6.14 Scientific & technical articles/bn PPP$ GDPA.......

6.1.5 Citable documents H index?................

6.2  Knowledge impact

6.2.1 Growth rate of PPP$S GDP/WOTKET, % ..o

6.2.2 New businesses/th pop. 15-64
6.2.3 Computer software spending, % GDP?.

624 1509001 quality certificates/bn PPP$ GDPA........ 16.61 .
6.2.5 High- & medium-high-tech manufactures, %?°.... 33.10 ..........

6.3 Knowledge diffusion

3.28
1.95

0.38
4.05 . 1.07
3157 e 1325 s 767 e 1018
cvsrnieniene 1453 11379 e 7491 ... 60.17
097 e 192 i 218 0 216 e 1.59

. S 1.26 ..
2278 e 1645 e 727

6.3.1 Royalty &license fees receipts, % total trade?....... 1.03 .cce 010 i 037 0.20 ...cc. 0.50
6.3.2 High-tech exports less re-exports, %2......... 6.32 v 5.05 e 145 i 0.50 . 4.08

6.3.3 Comm., comp. &info. services exp., % tot. trade?... 2.27
e 12.69

6.34 FDI net outflows, % GDP ...

Note: (*) index, (1) survey question, (a) half weight, (b) higher values indicate worse outcomes.

Table 1g: Creative outputs pillar

Average value by income group (0-100)

High Upper-middle  Lower-middle Low

Indicator income income income income Mean
7 Creative outputs
7.1 Intangible assets
7.1.1 Domestic res trademark app/bn PPPS$ GDP........ 60.53 ..o 61.17 s 92.92 ... 2696 ... 62.79

7.1.2 Madrid trademark applications/bn PPP$S GDP?.....

7.3 ICTs & business model creation’
7.14 ICTs & organizational model creation

7.2 Creative goods and services

7.2.1 Cultural & creative services exp., % total trade?....
7.2.2 National feature films/mn pop. 15-69...........oom...
723 Global ent. & media output/th pop. 15-69°..........

7.24 Printing & publishing manufactures, %
7.2.5 Creative goods exports, % ...

7.3 Online creativity

73.1 Generic TLDs/th pop. 15-69.......
7.3.2 Country-code TLDs/th pop. 15-69.
7.3.3  Wikipedia monthly edits/mn pop. 15-69.

.. 3854

5161
19,630.51

1.30 i 024 e 0.05 0.06 ..o 0.84

7.34 Video uploads on YouTube/pop. 15-69........c.. 8455 ..........

Note: (*) index, (1) survey question, (a) half weight, (b) higher values indicate worse outcomes. Scores rather than values are presented for indicators 7.3.1,

73.2,and7.34.

management systems issued. To
strengthen the sub-pillar, the mea-
sure of high- and medium-high-
tech industrial output over total
manufactures output was added this
year.

The third sub-pillar, on knowl-
edge diffusion, is the mirror image of

the knowledge absorption sub-pillar
of pillar 5. It includes four statistics
all linked to sectors with high-tech
content or that are key to innova-
tion: royalty and license fees receipts
as a percentage of total trade;'? high-
tech exports (net of re-exports) as a
percentage of total exports (net of

re-exports); exports of communica-
tion, computer and information ser-
vices as a percentage of total trade;"
and net outflows of FDI as a percent-
age of GDP.

Pillar 7: Creative outputs

The role of creativity for innovation
is still largely underappreciated in
innovation measurement and policy
debates. Since its inception, the GII
has always emphasized measuring
creativity as part of its Innovation
Output Sub-Index. The last pillar,
on creative outputs, has three sub-
pillars (Table 1g).

The first sub-pillar on intangi-
ble assets includes statistics on trade-
mark applications by residents at the
national office; trademark applica-
tions under the Madrid System by
country of origin,'* and two survey
questions regarding the use of ICTs
in business and organizational mod-
els, new areas that are increasingly
linked to process innovations in the
literature.

The second sub-pillar on creative
goods and services includes proxies
to get at creativity and the creative
outputs of an economy. This year, in
an attempt to include broader sec-
toral coverage, a global entertain-
ment and media output composite
was added. In addition, the indica-
tor on audio-visual and related ser-
vices exports was renamed ‘Cultural
and creative services exports’ and
expanded to include informa-
tion services, advertising, market
research and public opinion polling,
and other personal, cultural, and
recreational services (as a percentage
of total trade). These two indicators
complement the remainder of the
sub-pillar, which measures national
feature films produced in a given
country (per capita count); print-
ing and publishing output (as a per-
centage of total manufactures out-
put); and creative goods exports (as




a percentage of total trade), all which
are aimed at providing an overall
sense of the international reach of
creative activities in the country.
The third sub-pillar on online
creativity includes four indicators,
all scaled by population aged 15
through 69 years old: generic (biz,
info, org, net, and com) and coun-
try-code top level domains, aver-
age monthly edits to Wikipedia,
and video uploads on YouTube.
Attempts made to strengthen this
sub-pillar with indicators in areas
such as blog posting, online gaming,
the development of applications, and

have so far proved unsuccessful.

Notes

1 Forafuller introduction to the Global
Innovation Index, see the Gl 2011. Examples
of other composite innovation indices were
reviewed there too. The Global Innovation
Policy Index of the Information Technology
and Innovation Foundation, which is quite
complementary to the Gll, was formulated in
2012.

2 Eurostat and OECD, 2005.
3 OECD, 2010; INSEAD, 2011; and WIPQO, 2011.

4 INSEAD, 2011; OECD Scoreboard, 2013; WIPO,
2011,

5 INSEAD, 2011; OECD, 2011; WIPO, 2011

6  For completeness, 2.1% of data points are
from 2009, 1.2% from 2008, 0.7% from 2007,
0.5% from 2006, 0.4% from 2005, and 0.3%.

In addition, the Gll is calculated on the basis
of 9,820 data points (compared to 11,583
with complete series), implying that 15.22%
of data points are missing. Data Tables
(Appendix Il) include the reference year for
each data point and mark missing data as not
available (n/a).

7 Eurostat and OECD, 2005, p. 21.

8 The GMAT is a standardized test aimed at
measuring aptitude to succeed academically
in graduate business studies. It is an
important part of the admissions process
for nearly 5,600 graduate management
programmes in approximately 2,000 business
schools worldwide.

9 These data were determined from a query
on joint ventures/strategic alliances deals
announced in 2013 from Thomson Reuters
SDC Platinum database. A count variable was
created: each participating nation of each
company in a deal (n countries per deal) gets,
per deal, a score equivalent to 1/n so that all
country scores add up to the total number of
deals.

10 In previous editions of the Gll, this indicator
was scaled by total services imports.

11 In previous editions of the Gll, this indicator
was scaled by total services imports.

12 In previous editions of the Gl, this indicator
was scaled by total services exports.

13 In previous editions of the GlI, this indicator
was scaled by total services exports.

14 Domestic resident trademarks and the
Madrid System trademarks are now
counted by number of applications, not by
registrations, as was the case in previous
editions of the GlI.
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ANNEX 2

Adjustments to the Global Innovation Index Framework and Year-on-Year

Comparability of Results

The Global Innovation Index (GII) is
a cross-country performance assess-
ment, compiled on an annual basis,
which continuously seeks to update/
improve the way innovation is mea-
sured. The GII report pays spe-
cial attention to making accessible
the statistics used in the Country/
Economy Profiles and Data Tables,
providing data sources and defini-
tions and detailing the computation
methodology (Appendices I, II, III,
and IV, respectively). This annex
summarizes the changes made this
year and provides an assessment of
the impact of these changes on the
comparability of rankings.

Adjustments to the Global Innovation
Index framework

The GII model is revised every year
in a transparent exercise. This year,
no change was made at the pillar or
sub-pillar level.

of World
Intellectual Property Organization
(WIPQO) data, we collaborate with
both public international bodies such

Beyond the use

as the International Energy Agency;
the United Nations Educational,
Scientific and Cultural Organization
(UNESCO); and the International
Telecommunication Union (ITU)
and private organizations such as
the International Organization for
Standardization (ISO); the Graduate
Management Admission Council
(GMAC); Thomson Reuters; THS
Global Insight; QS Quacquarelli

Table 1: Changes to the Global Innovation Index framework

Gl12013 Gl 2014
2.1.1 Current expenditure on education, 2.1.1 Government expenditure on
% GNI education, % GDP
212 Public expenditure on education 212 Expenditure on education per pupil,
per pupil, all levels secondary
224 Gross tertiary outbound enrolment Deleted
ratio
322 Electricity consumption Deleted

Logistics Performance Index

Gross capital formation

515 GMAT mean score
5.1.6 GMAT test takers
53.1 Royalty and license fees payments,

% of total services imports

Logistics Performance Index

Gross capital formation

Deleted
515 GMAT test takers
53.1 Royalty and license fees payments,

% of total trade

533 Communications, computer and
information services imports,
% of total services imports

533 Communications, computer and
information services imports,
% of total trade

6.3.1 Royalty and license fees receipts,
% of total services imports

6.3.1 Royalty and license fees receipts,
% of total trade

633 Communications, computer and
information services exports,
% of total services imports

6.33 Communications, computer and
information services exports,
% of total trade

7.1 National office resident trademark 7.0 National office resident trademark
Registrations applications
712 Madrid system trademark 712 Madrid System trademark

registrations by country of origin

applications by country of origin

7.2.1 Audiovisual and related services
exports, % of total services exports

7.2.1 Cultural and creative services
exports, % of total trade (compilation
including EBOPS 264, 278, 288, and

897)

723 Daily newspapers circulation 723 Global entertainment and media
output

725 Creative goods exports, 725 Creative goods exports,

% of total goods exports

% of total trade

Note: White rows indicate indicators that were deleted or replaced; dark blue rows indicate indicator numbers that have changed; and light blue rows indicate

indicators that have undergone methodological changes.

Symonds Ltd; ZookNIC
Google; and PwC to obtain the best
available data on innovation mea-

Inc;

surement globally.
Although the rationale for the
adjustments made to the GII frame-

work is explained in detail in Annex

1, Table 1 provides a summary of
these changes for quick referenc-
ing. A total of 17 indicators were
modified: 4 indicators were deleted
or replaced, 10 underwent method-
ological changes (new computation

methodology at the source, change

wvi
w
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of scaling factor, change of classifi-
cation, etc.), and 3 changed indicator
number as a result of the framework
adjustments.

Six GITindicators (refer to Table 1
for details) now use total trade as a
denominator to better assess their
overall economic importance when
compared with a broader base.

The statistical audit performed by
the Joint Research Centre (Annex 3)
provides a confidence interval for
each ranking following a robustness
and uncertainty analysis of the mod-
elling assumptions.

Sources of changes in the rankings

The GII compares the performance
of national innovation systems
across economies, but it also pres-
ents changes in economy rankings
over time.

Importantly, scores and rankings
from one year to the next are not
directly comparable (see Annex 2 of
the GII 2013 for a full explanation).
Making inferences about absolute
or relative performance on the basis
of year-on-year differences in rank-
ings can be misleading. Each rank-
ing reflects the relative positioning
of that particular country/economy
on the basis of the conceptual frame-
work, the data coverage, and the
sample of economies—elements that
change from one year to another.

A few particular factors influ-
ence the year-on-year ranking of a

country/economy:

* the actual performance of the

economy in question;

* adjustments made to the GII

framework;

* data updates, the treatment of

outliers, and missing values; and

e the inclusion or exclusion of

countries/economies in the sam-

ple.

Additionally, the following char-
acteristics complicate the time-series
analysis based on simple GII scores

or rankings:

* Missing values: The GII pro-
duces relative index scores,
which means that a missing
value for one economy affects
the index score of other econo-

mies.

* Reference year: The data
underlying the GII do not refer
to a single year, but to several
years, depending on what the
latest available year is for any
given variable. In addition, the
reference years for the different
variables are not the same for
each economy. The motivation
for this approach is that it widens
the set of data points for cross-

economy comparability.

* Normalization factor: Most
GII variables are normalized
using either GDP or population.
This approach is also intended
to enable cross-economy com-
parability. Yet, again, year-on-
year changes in individual vari-
ables may be driven either by
the variable’s numerator or by its

denominator.

* Consistent data collection:
Finally, measuring year-on-year
performance changes relies on
the consistent collection of data
over time. Changes in the defi-
nition of variables or in the data
collection process could create
movements in the rankings that
are unrelated to true perfor-

mance.

The GII has been transparent
about these time-series caveats since
its inception.

A detailed economy study based
on the GII database and the country/
economy profile over time, coupled
with analytical work on the ground

that includes innovation actors and
decision makers, yields the best
results in terms of grasping an econ-
omy’s innovation performance over
time as well as possible avenues for
improvement.
Changes to the way miss-
ing information is managed have
also been implemented. In partic-
ular, the following indicators were
affected when data were not read-

ably available:

* 4.2.4 Venture capital deals per
trillion PPP$ GDP, and 5.2.4
Joint venture/strategic alliance
deals per trillion PPP$ GDP

For these indicators, countries
were given ‘n/a’ rather than zero
if they were not included in the
in the SDC Platinum database
provided by Thomson Reuters,
which is our source of data on
joint ventures and strategic alli-

ance deals.

5.2.5 Patent families per billion
PPP$ GDP

For indicator 5.2.5, those coun-
tries not included in the WIPO
Statistic Database were given
‘n/a’; those included in the data-
base that had no data, zero, or
‘n/a’ were given zero as a value
at the suggestion of WIPO.

7.3.4 Video uploads on YouTube

For indicator 7.3.4, those coun-
tries where Google is an offi-
cial launched platform and those
countries where comScore has
determined a market share above
45% all received non-zero scores.
All other economies in GII 2014
received ‘n/a’ for this indicator.

These changes can have impli-
cations on the overall rankings of
particular economies for which data

were not available this time around.




ANNEX 3

Joint Research Centre Statistical Audit of the 2014 Global Innovation Index

MICHAELA SAISANA and ANDREA SALTELLI, European Commission Joint Research Centre (Ispra, Italy)

Modelling the concepts underly-
ing innovation at the national scale
around the globe, as attempted in
the Global Innovation Index (GII),
raises both conceptual and practical
challenges. The conceptual chal-
lenges are discussed in the main
text of Chapter 1 of the GII 2014
report. In this annex, the focus is on
the practical challenges related to the
data quality and the methodological
choices made by grouping these data
into 21 sub-pillars, 7 pillars, 2 sub-
indices, and an overall index.

We consider statistical soundness
to be a necessary but not a sufficient
condition for a sound GII. Given that
the statistical analysis of an index is
based primarily, but not solely, on
correlations, correspondence of the
GII with real-world phenomena
needs to be critically addressed,
whereas ‘correlations need not nec-
essarily represent the real influence
of the individual indicators on the
phenomenon being measured’.! The
point we are making here is that
the validity of the GII relies on the
interplay between statistical and
conceptual soundness. To this end,
the development of the GII has fol-
lowed an iterative process that went
back and forth between a theoretical
understanding of innovation on the
one hand and empirical observations
of the data underlying the variables
on the other.

The Econometrics and Applied
Statistics Unit at the European

Commission Joint Research Centre

(JRC) in Ispra (Italy) was invited for
a fourth consecutive year to audit the
GII following some adjustments that
were made to the list of indicators
included in the GII framework (see
Chapter 1 for more details).

The JRC assessment of the 2014
GII focused on two main issues: the
statistical soundness of its multi-level
structure and the impact of key mod-
elling assumptions on its scores and
ranks.” These are necessary steps to
ensure the transparency and reliabil-
ity of the GII, to enable the public
to derive more accurate and mean-
ingful conclusions, and to support
policy makers with choices on prior-
ity setting and policy formulation.

As in past GII reports, the JRC
analysis complements the country
rankings with confidence intervals
for the GII, the Innovation Input
Sub-Index,
Output Sub-Index in order to bet-

and the Innovation

ter appreciate the robustness of these
ranks to the computation methodol-
ogy. In addition, the JRC analysis
includes an assessment of potential
redundancy of information in the
GII and a measure of distance to the
efficient frontier of innovation by
using data envelopment analysis.

Conceptual and statistical coherence in
the Gll framework

An earlier version of the GII model
was assessed by the JRC in April
2014. Fine-tuning suggestions were

taken into account in the final

computation of the rankings in an
iterative process with the JRC aimed
at establishing the foundation for a
balanced index. The entire process

followed four steps (see Figure 1):

Step 1: Conceptual consistency

Eighty-one indicators were selected
for their relevance to a specific inno-
vation pillar on the basis of the litera-
ture review, expert opinion, country
coverage, and timeliness. To repre-
sent a fair picture of country differ-
ences, indicators were scaled either
at the source or by the GII team as

appropriate and where needed.

Step 2: Data checks

The most recently released data
were used for each country with a
cut-off year of 2004. Almost 75% of
the available data refer to 2012 or
a more recent year. Countries were
included if data availability was at
least 63% (i.e., 51 out of 81 vari-
ables) and at least two of the three
sub-pillars in each pillar could be
computed. Potentially problematic
indicators that could bias the overall
results were identified as those hav-
ing absolute skewness greater than 2
and kurtosis greater than 3.5;> these
were treated either by winsorization
or by taking the natural logarithm
(in cases with more than five out-
liers). These criteria were decided
jointly with the JRC in 2011 (see
Appendix IV Technical Notes for
details).
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Figure 1: Conceptual and statistical coherence in the GIl 2014 framework

Step 4. Qualitative review

« Internal qualitative review (INSEAD, WIPO, Cornell University)
« External qualitative review (JRC, international experts)

P N

Step 3. Statistical coherence

- Treatment of highly collinear variables as a single indicator

- Assessment of grouping sub-pillars to pillars, to sub-indices, and to GlI
« Use of weights as scaling coefficients to ensure statistical coherence

« Assessment of arithmetic average assumption

« Assessment of potential redundancy of information in the overall Gl

P N

Step 2. Data checks

2012-2014)

two sub-pillars per pillar

« Check for data recency (almost 75% of available data refer to
« Availability requirements per country: coverage > 63% and at least
« Check for reporting errors (interquartile range)

« Qutlier treatment (skewness and kurtosis)
« Direct contact with data providers

P N

tion

Step 1. Conceptual consistency
« Compatibility with existing literature on innovation and pillar defini-

«Scaling factors per indicator to represent a fair picture of country
differences (e.g., GDP, population, total exports)

Source: Saisana and Saltelli, European Commission Joint Research Centre, 2014.

Step 3: Statistical coherence

Weights as scaling coefficients
Weights of 0.5 or 1.0 were decided
jointly with the JRC and the GII
team in 2012 to be scaling coef-
ficients and not importance coef-

ficients, with the aim of arriving at

sub-pillar and pillar scores that were
balanced in their underlying compo-
nents (i.e., that indicators and sub-
pillars can explain a similar amount
of variance in their respective sub-
pillars/pillars). Paruolo et al. (2013)

show that, in weighted arithmetic

averages, the ratio of two nominal
weights gives the rate of substitut-
ability between the two indicators,
and hence can be used to reveal the
relative importance of individual
indicators. This importance can
then be compared with ex-post mea-
sures of variables’ importance, such
as the non-linear Pearson correlation
ratio. As a result of this analysis, 36
out of 81 indicators and two sub-
pillars—7.2 Creative goods and
services and 7.3 Online creativity—
were assigned half weights, while all
other indicators and sub-pillars were
assigned a weight 1.0.

Principal components analysis and
reliability item analysis

Principal component analysis (PCA)
was used to assess to what extent
the conceptual framework is con-
firmed by statistical approaches.
PCA results confirm the presence
of a single latent dimension in each
of the seven pillars (one component
with an eigenvalue greater than 1.0)
that captures between 57% (pillar
4: Market sophistication) up to 82%
(pillar 1: Institutions) of the total
variance in the three underlying sub-
pillars. These results reveal that the
adjustments made to the 2014 GII
framework did not affect the solid
statistical coherence properties of
the previous version. Furthermore,
results confirm the expectation that
the sub-pillars are more correlated
to their own pillar than to any other
(see Table 1). It is interesting to note
that sub-pillar 7.3 Online creativity
has the same degree of correlation
(0.86) with its own pillar Creative
outputs (pillar 7) that it has with
Human capital and research (pillar 2)
and Infrastructure (pillar 3), which
evidences an association between
human capital and infrastructure on
one hand and online content, such as
Wikipedia monthly edits and video
uploads on YouTube, on the other.




Table 1: Statistical coherence in the Gll: Correlations between sub-pillars and pillars

Knowledge
Human capital Market Business and technology (reative
Sub-pillar Institutions and research Infrastructure sophistication sophistication outputs outputs
Political environment 091 0.71 0.76 0.61 0.74 0.63 0.77
Regulatory environment 0.93 0.65 0.69 0.61 0.67 0.56 0.65
Business environment 0.88 0.75 0.78 0.71 0.63 0.60 0.66
Education 0.62 0.77 0.63 043 0.50 0.59 0.54
Tertiary education 0.57 0.81 0.68 049 0.56 047 0.54
Research and development (R&D) 0.72 0.89 0.82 0.69 0.69 0.82 0.71
Information and communication technologies (ICTs) 0.78 0.88 093 0.65 0.71 0.72 0.77
INPUT General infrastructure 0.46 0.50 0.68 0.39 0.44 0.38 0.46
Ecological sustainability 0.72 0.69 0.82 0.53 0.58 0.61 0.71
Credit 0.68 0.68 0.64 0.86 0.56 0.62 0.60
Investment 041 040 0.40 0.81 043 038 0.28
Trade and competition 0.51 042 045 0.56 042 040 045
Knowledge workers 0.74 0.79 0.75 0.62 0.87 0.72 0.70
Innovation linkages 0.51 037 042 0.38 0.72 033 051
Knowledge absorption 045 041 043 0.39 0.72 043 044
Knowledge creation 061 0.78 0.67 0.60 061 0.85 0.62
Knowledge impact 041 0.52 0.51 039 0.34 0.75 045
Knowledge diffusion 049 046 045 044 0.63 0.71 0.51
OUTPUT
Intangible assets 044 0.34 042 0.29 049 0.32 0.75
Creative goods and services 0.64 0.62 0.69 049 0.60 0.60 0.79
Online creativity 0.81 0.86 0.86 0.63 0.73 0.78 0.86

Source: Saisana and Saltelli, European Commission Joint Research Centre, 2014.

The five input pillars share a sin-
gle statistical dimension that sum-
marizes 78% of the total variance,
and the five loadings (correlation
coefficients) of these pillars are all
very similar. This similarity suggests
that the five pillars make roughly
equal contributions to the variation
of the Innovation Input Sub-Index
scores, as envisaged by the devel-
oping team. The reliability of the
Input Sub-Index, measured by the
Cronbach alpha value, is very high,
at 0.93, which is well above the 0.70
threshold for a reliable aggregate.*

The
Knowledge and technology outputs

two output pillars—
and Creative outputs—are suffi-
ciently correlated with each other
(0.67); they are also both strongly

correlated with the Innovation

Output Sub-Index (0.91). This result
suggests that the Output Sub-Index
is also well balanced in its two pillars.

Finally, building the GII as the
simple average of the Input and
Output Sub-Indices is also statisti-
cally justifiable because the Pearson
correlation coefficient of either sub-
index with the overall GII is 0.97;
the two sub-indices have a correla-
tion of 0.87. Thus far, results show
that the grouping of sub-pillars into
pillars, sub-indices, and the overall
GII 2014 is statistically coherent, and
that the GII has a balanced structure
at each aggregation level.

Assessing potential redundancy of
information in the GII

As already discussed, the Input
and Output Sub-Indices correlate

strongly with each other and with
the overall GII. Furthermore, the
five pillars in the Input Sub-Index
have a very high statistical reli-
ability. These results—the strong
correlation between Input and
Output Sub-Indices and the statisti-
cal reliability of the five Input pil-
lars—may be interpreted by some as
a sign of redundancy of information
in the GII. Yet this is not the case
here. In fact, for more than 51.7%
(up to 74.1%) of the 143 economies
included in the 2014 GII, the GII
ranking and any of the seven pillar
rankings differ by 10 positions or
more (see Table 2). This is a desired
outcome because it demonstrates
the added value of the GII rank-
ing, which helps to highlight other
components of innovation that do

v
~
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Table 2: Distribution of differences between pillar and Gl rankings

Innovation Input Sub-Index

Innovation Output Sub-Index

Rank differences (positions) Institutions (%)

Human capital
and research (%)

Market

Infrastructure (%) sophistication (%)

sophistication (%)

Business Knowledge and

technology outputs (%) Creative outputs (%)

More than 29 18.2 14.0 126 329 238 224 84
20-29 10.5 18.2 11.9 18.2 154 10.5 126
10-19 24.5 252 30.1 23.1 224 217 308
10 or more* 53.1 57.3 54.5 741 61.5 54.5 51.7
5-9 210 18.2 210 16.1 19.6 238 24.5
Lessthan 5 224 224 217 9.1 16.1 175 23.1
Same rank 0.0 0.0 2.1 2.1 28 28 28
Total ™ 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Source: Saisana and Saltelli, European Commission Joint Research Centre, 2014.
*This column is the sum of the prior three rows.
1 This column is the sum of all white rows.

not emerge directly by looking into
the seven pillars separately.

Step 4: Qualitative review

Finally, the GII results—including
overall country classifications and
relative performances in terms of the
Innovation Input or Output Sub-
Indices—were evaluated to verify
that the overall results were, to a
great extent, consistent with cur-
rent evidence, existing research, and
prevailing theory. Notwithstanding
these statistical tests and the posi-
tive outcomes on the statistical
coherence of the GII structure, it is
important to note that the GII model
is and has to remain open for future
improvements as better data, more
comprehensive surveys and assess-
ments, and new relevant research
studies become available.

Impact of modelling assumptions on the
Gll results

Every economy score on the GII
and its two sub-indices depends on
modelling choices: the seven-pillar
structure, the indicators selected, the
imputation or not of missing data,
the normalization, the weights, and
the aggregation method, among

other elements. These choices are
based on expert opinion (e.g., selec-
tion of indicators), or common prac-
tice (e.g., min-max normalization
in the [0, 100] range), driven by
statistical analysis (e.g., treatment of
outliers) or simplicity (e.g., no impu-
tation of missing data). The robust-
ness analysis performed by the JRC
aimed at assessing the simultaneous
and joint impact of these model-
ling choices on the rankings. It thus
complements the GII 2014 ranks
with error estimates stemming from
the unavoidable uncertainty in the
choices made.

The robustness assessment of the
GII was based on the combination
of a Monte Carlo experiment and
a multi-modelling approach, fol-
lowing good practices suggested in
the composite indicators literature.’
We focused on three key issues: pil-
lar weights, missing data, and the
aggregation formula. The data are
assumed to be error-free because
potential outliers and eventual errors
and typos were corrected during the
computation phase (see Step 2 in
Figure 1).

The Monte Carlo simulation
related to the issue of weighting
and comprised 1,000 runs, each

corresponding to a different set of
weights for each of the seven pillars,
randomly sampled from uniform
continuous distributions centred in
the reference values. The choice of
the range for the weights’ variation
was driven by two different needs:
to ensure a wide enough interval to
have meaningful robustness checks
and to respect the rationale of the
GII that places the Input Sub-Index
and the Output Sub-Index on equal
footings. Given these consider-
ations, limit values of uncertainty
intervals for the pillar weights are:
10%—-30% for the five Input pillars
and 40%—-60% for the two Output
pillars (see Table 3).

The GII developing team, for
transparency and replicability, has
always opted not to estimate missing
data. The ‘no imputation’ choice,
which is common in similar con-
texts, might encourage economies
not to report low data values.® To
overcome this limitation, the JRC
estimated missing data using the
Expectation Maximization (EM)
algorithm.

Regarding the aggregation for-
mula, decision-theory practitioners
have challenged the use of simple
arithmetic averages because of their




Table 3: Uncertainty parameters: Missing values, aggregation, and weights

Reference

Alternative

I. Uncertainty in the treatment of missing values

No estimation of missing data

Expectation Maximization (EM)

Il. Uncertainty in the aggregation formula at the pillar level

Arithmetic average

Geometric average

lll. Uncertainty intervals for the Gll weights

GlI Sub-Index Pillar

Reference value for the weight

Distribution assigned for robustness analysis

Innovation Input Institutions 0.2 u[0.1,0.3]
Human capital and research 0.2 U[0.1,0.3]
Infrastructure 0.2 U[0.1,0.3]
Market sophistication 0.2 U[0.1,0.3]
Business sophistication 02 U[0.1,0.3]
Innovation Output Knowledge and technology outputs 0.5 U[04, 0.6]
Creative outputs 0.5 Ul04, 0.6]

Source: Saisana and Saltelli, European Commission Joint Research Centre, 2014.

tully compensatory nature, in which
a comparative high advantage on a
few indicators can compensate for a
comparative disadvantage on many
indicators.® We relaxed this strong
perfect substitutability assumption
inherent in the arithmetic average
and we considered instead the geo-
metric average, which is a partially
compensatory approach that rewards
economies with balanced profiles
and motivates economies with
unbalanced profiles to improve in
the GII pillars in which they per-
form poorly, and not just in any GII
pillar”

Four models were tested based
on the combination of no imputa-
tion versus EM imputation, and
arithmetic versus geometric average,
combined with 1,000 simulations
per model (random weights versus
fixed weights), for a total of 4,000
simulations for the GII and each of
the two sub-indices (see Table 3 for
a summary of the uncertainties con-
sidered in the GII 2014).

Uncertainty analysis results

The main results of the robustness
analysis are shown in Figure 2 with
median ranks and 90% confidence
across the

intervals computed

4,000 Monte Carlo simulations for
the GII and the two sub-indices.
Countries are ordered from best to
worst according to their reference
rank (black line), the dot being the
median rank.

All published GII 2014 ranks
lay within the simulated 90%
confidence intervals, and for most
economies these intervals are nar-
row enough for meaningful infer-
ences to be drawn: there are fewer
than 10 positions for 81 of the 143
economies. However, it is also true
that some economy ranks vary sig-
nificantly with changes in weights
and aggregation function and, where
applicable, they also vary because
of the estimation of missing data.
Indeed, 21 economies have 90%
confidence interval widths between
20 and 29. Confidence interval
widths for 6 of them lie between 30
and 39 (Bangladesh, Fiji, the Islamic
Republic of Iran, Togo, Uganda,
and the Bolivarian Republic of
Venezuela), and for 2 countries
the widths are over 40 (Bhutan,
Tajikistan). For these countries,
the GII ranks should be interpreted
cautiously. Some caution is also war-
ranted in the Input Sub-Index for 32
economies that have 90% confidence

interval widths over 20 (up to 37 for
Dominican Republic). The Output
Sub-Index is more sensitive to the
methodological choices: 40 econo-
mies have 90% confidence interval
widths over 20 (up to 67 for Bhutan).
This sensitivity is mostly the conse-
quence of the estimation of missing
data and the fact that there are only
two pillars (with 0.68 correlation);
hence changes to the imputation
method, weights, or aggregation
formula have a more notable impact
on the country ranks.

Although some economy ranks,
either in the GII 2014 or its two sub-
indices, appear to be sensitive to the
methodological choices, the pub-
lished rankings for the vast major-
ity can be considered representative
of the plurality of scenarios we
have simulated herein. Taking the
median rank as our yardstick for an
economy’s average rank in the realm
of the GII’s unavoidable method-
ological uncertainties, we find that
75% of the economies shift fewer
than five positions with respect to
the median rank in the GII (four
and seven positions in the Input and
Output Sub-Index, respectively).

For full transparency and infor-
mation, Table 4 reports the GII 2014
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Table 4: Gl 2014 and Input/Output Sub-Indices: Ranks and 90% confidence intervals

Gll 2014 Input Sub-Index Output Sub-Index
Country/Economy Rank Interval Rank Interval Rank Interval
Switzerland 1 [1,3] 7 [6,9] 1 [1,3]
United Kingdom 2 [1,3] 3 [2,5] 4 [1,4]
Sweden 3 [1,3] 6 [3,6] 3 [1,3]
Finland 4 [4,5] 5 [2,8 6 [5,6]
Netherlands 5 [4,6] n [10,14] 2 2,4
United States of America 6 [5,7] 4 [3,6] 7 [7,11]
Singapore 7 [6, 8] 1 [1,1] 25 [21, 26]
Denmark 8 [7,9 9 [7,10] 12 [8,13]
Luxembourg 9 [8,13] 21 [18,23] 5 [5,6]
Hong Kong (China) 10 [9,16] 2 [2,6] 24 [20, 28]
Ireland n [9,14] 12 [10,17] n [9,13]
(anada 12 [M1,17] 8 (6,91 20 [18,26]
Germany 13 [9,14] 19 [17,19] 8 [7,9
Norway 14 [12,17] 14 [11,18] 14 [12,17]
Israel 15 [11,20] 17 [1,21] 13 [11,16]
Korea, Rep. 16 [11,17] 16 [11,17] 15 [11,15]
Australia 17 [14,17] 10 [10,12] 22 [19,25]
New Zealand 18 [17,19] 13 [12,19] 18 [17,22]
Iceland 19 [17,22] 24 [23,26] 9 [7,15]
Austria 20 [18,20] 18 [15,20] 21 [19,23]
Japan 21 [20, 23] 15 [13,16] 27 [26,31]
France 2 [20, 23] 20 [19,21] 26 [20,25]
Belgium 23 [23,25] 2 [21,23] 23 [21,25]
Estonia 24 [21,24] 23 [21,25] 19 [15,20]
Malta 25 [25,27] 33 [30,35] 10 [9,13]
Czech Republic 26 [24, 26] 27 [26,29] 17 [15,18]
Spain 27 [26,27] 26 [23,26] 28 [27,29]
Slovenia 28 [28,29] 28 [27,29] 31 [29,31]
China 29 [28,31] 45 [34,53] 16 [14,23]
Cyprus 30 [29,35] 31 [29, 36] 34 [33,34]
Italy 31 [30,33] 32 [30,33] 33 [32,34]
Portugal 32 [30,33] 29 [28,32] 36 [35,36]
Malaysia 33 [30,34] 30 [26,31] 35 [35,38]
Latvia 34 [34,35] 35 [35,39] 32 [32,33]
Hungary 35 [31,35] 4 [37,45] 29 [28,31]
United Arab Emirates 36 [36, 50] 25 [23,31] 68 [57,95]
Slovakia 37 [36,40] 43 [41, 48] 38 [37,40]
Saudi Arabia 38 [37,55] 39 [35,45] 4 [41,69]
Lithuania 39 [37,42] 36 [34,39] 52 [46, 53]
Mauritius 40 39, 49] 4 39, 58] X} [43, 48]
Barbados M [39, 48] 38 [34, 48] 53 [48, 56]
Croatia 42 [38, 46] 50 [45, 53] 40 [39,42]
Moldova, Rep. 43 [38,47] 80 [74,83] 30 [27,30]
Bulgaria 4 36, 45] 54 [48,55] 37 35,38]
Poland 45 [41,45] 40 [39,43] 48 [45, 501
Chile 46 [41,47] 37 [33,39] 54 [53,60]
Qatar 47 [43,59] 34 [32,36] 69 [65, 83]
Thailand 48 [43,49] 52 [42,55] 49 [46, 50]
Russian Federation 49 [44,51] 56 [45, 60] 45 [42,49]
Greece 50 [48, 52] 44 [42,51] 58 [56, 62]
Seychelles 51 [50, 65] 53 [47,78] 56 [52,63]
Panama 52 [49, 55] 64 [60,72] LY} [39,51]
South Africa 53 [49, 58] 47 [39, 561 63 [60, 70]
Turkey 54 [49, 55] 78 [66, 83] 39 [37,40]
Romania 55 [51,58] 65 [59,70] 44 [41,52]
Mongolia 56 [36, 60] 51 [40, 54] 67 [39, 68]
Costa Rica 57 [54,59] 66 [58,72] 51 [50, 53]
Belarus 58 [48, 60] 70 [57,80] 50 [41,54]
Montenegro 59 [55, 66] 46 [44,55] 74 [61,79]
TFYR of Macedonia 60 [58,63] 57 [54,72] 66 [58, 68]
Brazil 61 [58, 68] 63 [54,69] 64 [61,71]
Bahrain 62 [61,69] 48 [44, 53] 80 [75,83]
Ukraine 63 [57,67] 88 [72,92] 46 [43,50]
Jordan 64 [61,70] 72 [66, 81] 57 [56, 65]
Armenia 65 [61,69] 81 [71,87] 55 [53, 56]
Mexico 66 [63, 66] 62 [55, 63] 70 [67,71]
Serbia 67 [57,67] 75 [64,82] 59 [52,61]
Colombia 68 [64,71] 58 [49, 59] 77 [74,78]
Kuwait 69 (69, 77] 79 [72,84] 62 [59, 76]
Argentina 70 [65,73] 83 [62,89] 61 [61,67]
Viet Nam /Al [67,82] 100 [89,103] 47 [44, 58]
Uruguay 72 [69, 74] 73 (68, 82] 72 [68,72]




Table 4: Gl 2014 and Input/Output Sub-Indices: Ranks and 90% confidence intervals (continued)

Gll 2014 Input Sub-Index Output Sub-Index
Country/Economy Rank Interval Rank Interval Rank Interval
Peru 73 [70, 84] 60 [56, 69] 85 [81,104]
Georgia 74 [70,77] 68 [61,82] 75 [72,78]
Oman 75 [75,87] 59 [53,65] 96 [93,117]
India 76 [72,78] 93 [84,95] 65 [61,69]
Lebanon 77 [72,77] 61 [55,71] 95 [79,95]
Tunisia 78 [76,82] 77 [60, 87] 87 [84,91]
Kazakhstan 79 [78,85] 69 [59,72] 101 [97,102]
Guyana 80 [77,90] 92 [83,111] 76 [63, 86]
Bosnia and Herzegovina 81 [79, 88] 82 [72,89] 92 [84,95]
Jamaica 82 [80,92] 84 [75,89] 91 [90, 100]
Dominican Republic 83 [81,98] 101 [91,128] 7 [69, 108]
Morocco 84 [78,87] 89 [76,98] 86 [78, 86]
Kenya 85 [83,91] 103 [89,110] 73 [69,79]
Bhutan 86 [78,136] 76 [72,89] 102 [73,140]
Indonesia 87 [80,104] n7 [105,124] 60 [59, 86]
Brunei Darussalam 88 [75,101] 55 [50,72] 124 [100, 128]
Paraguay 89 [63,90] 99 [90, 101] 79 [45,94]
Trinidad and Tobago 90 [84,104] 86 [80,91] 98 [97,124]
Uganda 91 [86,118] 98 [93,109] 90 [85,125]
Botswana 92 [80, 971 67 [59,771 116 [101,118]
Guatemala 93 [90, 104] 94 [93,109] 97 [95,110]
Albania 94 [86, 98] n [65, 84] 7 [91,117]
Fiji 95 [77,108] 49 [41,74] 136 [92,137]
Ghana 96 [89,118] 106 [104, 116] 82 [75,121]
Cabo Verde 97 [89,102] 85 [78,91] 14 [90, 116]
Senegal 98 [93,112] 116 [108,118] 78 [75,113]
Egypt 99 [85,113] 104 [90, 115] 89 [83,115]
Philippines 100 [92,101] 110 [102,114] 84 [79, 85]
Azerbaijan 101 [98,116] 91 [88,108] 109 [108, 123]
Rwanda 102 [92,111] 74 [66, 101] 128 [94,128]
El Salvador 103 [96, 108] 97 [91,102] 110 [108, 118]
Gambia 104 [96, 106] m [107,125] 93 [74,100]
Sri Lanka 105 [95,117] 125 [113,136] 81 [77,87]
Cambodia 106 [96, 108] 113 [100, 122] 99 [95,102]
Mozambique 107 [104,125] 9% (88, 100] 15 [111,138]
Namibia 108 [96,117] 95 [88,107] 119 [115,123]
Burkina Faso 109 [104, 130] m [107, 126] 104 [102, 130]
Nigeria 110 [107,127] 133 [131,139] 83 [80,103]
Bolivia, Plurinational St. 111 [99,121] 115 [101,127] 106 [104,115]
Kyrgyzstan 112 [109,129] 90 [82,99] 131 [128,140]
Malawi 13 [110,136] 109 [106,127] 108 [107,135]
Cameroon 114 [106, 132] 127 [119,129] 100 [98,132]
Ecuador 15 [99, 115] 105 [96, 111] 13 [110,117]
Cote d'Ivoire 116 [111,126] 135 [132,137] 88 [82,108]
Lesotho n7 [102,120] 87 [80,97] 137 [124,137]
Honduras 118 [109, 118] 102 [96, 104] 126 [123,127]
Mali 19 [117,139] 132 [130, 141] 103 [102, 130]
Iran, Islamic Rep. 120 [89,122] 107 [91,121] 125 [78,124]
Zambia 2 [120,135] 131 [123,142] 105 [103,131]
Venezuela, Bolivarian Rep. 122 [109, 140] 137 [120, 142] 94 [92,122]
Tanzania, United Rep. 123 [121,135] 120 [111,126] 122 [120,137]
Madagascar 124 [117,126] 123 [117,133] 11 [110,122]
Nicaragua 125 [107,132] 108 [89,123] 130 [128,133]
Ethiopia 126 [121,139] 128 [124,139] 118 [114,134]
Swaziland 127 [121,129] 119 [109, 133] 127 [117,128]
Uzbekistan 128 [113,131] 124 [111,133] 13 [106, 129]
Bangladesh 129 [100, 132] 130 [113,135] 120 [88,121]
Zimbabwe 130 [123,136] 136 [131,142] m [99,112]
Niger 131 [120,141] 18 [112,132] 134 [119, 141]
Benin 132 [110, 134] 129 [120,132] 129 [89,129]
Algeria 133 [126, 142] 122 [107,127] 132 [130, 142]
Pakistan 134 [125, 136] 139 [138,142] 107 [96,107]
Angola 135 [128,142] 138 [136, 141] 12 [108,137]
Nepal 136 [130, 136] 121 [112,134] 135 [125,137]
Tajikistan 137 [97,140] 14 [104, 129] 140 [88,141]
Burundi 138 [135,141] 126 [119,129] 4 [138,141]
Guinea 139 [137,140] 140 [117,141] 138 [135,139]
Myanmar 140 [113,141] 143 [117,143] 133 [93,134]
Yemen 4 [130,141] 4 [119,141] 139 [130, 140]
Togo 142 [111,142] 134 [123,137] 142 [88,142]
Sudan 143 [143,143] 142 [142,143] 143 [143,143]

Source: Saisana and Saltelli, European Commission Joint Research Centre, 2014.
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Figure 2a: Robustness analysis (Gl rank vs. median rank, 90% confidence intervals)
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Gl 2014 ranks and intervals of simulated ranks

Countries/Economies

Source: Saisana and Saltelli, European Commission Joint Research Centre, 2014.
Notes: The Spearman rank correlation between the median rank and the Gl 2014 rank is 0.993. Median ranks and intervals are calculated for over 4,000 simulated scenarios combining random weights, imputed versus missing values, and geo-
metric versus arithmetic averages at the pillar level.

Figure 2b: Robustness analysis (Input rank vs. median rank, 90% confidence intervals)
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Source: Saisana and Saltelli, European Commission Joint Research Centre, 2014.
Notes: The Spearman rank correlation between the median rank and the Innovation Input 2014 rank is 0.997. Median ranks and intervals are calculated for over 4,000 simulated scenarios combining random weights, imputed versus missing
values, and geometric versus arithmetic averages at the pillar level.




Figure 2c: Robustness analysis (Output rank vs. median rank, 90% confidence intervals)

Gl1 2014: Output ranks and interval of simulated ranks

Source: Saisana and Saltelli, European Commission Joint Research Centre, 2014.
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Note: The Spearman rank correlation between the median rank and the Innovation Output 2014 rank is 0.981. Median ranks and intervals are calculated for over 4,000 simulated scenarios combining random weights, imputation versus no impu-
tation of missing values, and geometric versus arithmetic averages at the pillar level.

Index and Sub-Index country ranks
together with the simulated median
ranks and 90% confidence intervals
in order to better appreciate the
robustness of the results to the choice
of weights and aggregation function
and the impact of estimating missing
data (where applicable).

Sensitivity analysis results

Complementary to the uncertainty
analysis, sensitivity analysis has
been used to identify which of the
modelling assumptions have the
highest impact on certain country
ranks. Figure 3 plots the rankings
of the GII and its sub-indices ver-
sus one-at-a-time changes of either
the EM imputation method or the
geometric aggregation formula,
with random weights, with sum-
mary results included in Table 5.
The most influential assumption is

the choice of no imputation versus

EM imputation, in particular for the
Output Sub-Index, next for the GII,
and least for the Input Sub-Index.
This sensitivity is a result of data
availability, which is less satisfactory
in the case of the Output Sub-Index:
although no economy has indicator
coverage of less than 63% over the 54
variables in the Input Sub-Index, 38
economies have data coverage below
this threshold over the 27 variables
in the Output Sub-Index. This fac-
tor has impacted the uncertainty
analysis as well, and has propagated
from the Output Sub-Index to the
estimation of the overall GII. The
choice of the aggregation formula
has a very limited impact on the
country/economy ranks.

Our recommendation would be
to consider country/economy ranks
in the GII 2014 and in the Input
and Output Sub-Indices not only at
face value but also within the 90%

confidence intervals in order to
better appreciate to what degree a
country/economy rank depends on
the modelling choices.

Distance to the efficient frontier in the
Gl by data envelopment analysis
Several innovation-related policy
issues at the national level entail an
intricate balance between global
priorities and economy-specific
strategies. Comparing the multi-
dimensional performance on inno-
vation by subjecting economies to
a fixed and common set of weights
may prevent acceptance of an inno-
vation index on the grounds that a
given weighting scheme might not
be fair to a particular economy.
An appealing feature of the more
recent data envelopment analysis
(DEA) literature applied in real

decision-making settings is that it

Annex 3: Statistical Audit of the GlI

THE GLOBAL INNOVATION INDEX 2014



Annex 3: Statistical Audit of the GlI

THE GLOBAL INNOVATION INDEX 2014

Figure 3a: Sensitivity analysis: Impact of modelling choices
(Imputation)
Global Innovation Index 2014

Rank based on imputation
15T 141 131 121 111 100 91 81 71 61 51 41 31 21 11 1

Figure 3b: Sensitivity analysis: Impact of modelling choices
(Geometric average)

Global Innovation Index 2014

Rank based on geometric average

151 141 131 121 111 101 91 81 71 61 51 41 31 21 11 1

Innovation Input Sub-Index 2014

Rank based on imputation
151141 131 121 11 1001 91 81 71 61 51 41 31 21 11 1

Innovation Output Sub-Index 2014

Rank based on imputation
151 141 131 121 11 100 91 81 71 61 51 41 31 21 11 1

Source: Saisana and Saltelli, European Commission Joint Research Centre, 2014.
Note: Rs = Spearman rank correlation; imputation based on expectation-maximization algorithm.
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Table 5: Sensitivity analysis: Impact of modelling choices on economies with most sensitive ranks

Number of economies that improve ~ Number of economies that deteriorate

Index or Sub-Index Uncertainty tested (pillar level only) by 20 or more positions by 20 or more positions
Gl Geometric vs. arithmetic average 0 1

EM imputation vs. no imputation of missing data 6 0

Geometric average and EM imputation vs. arithmetic average and missing values 7 3
Input Sub-Index Geometric vs. arithmetic average 0 0

EM imputation vs. no imputation of missing data 0 0

Geometric average and EM imputation vs. arithmetic average and missing values 1 1
Output Sub-Index  Geometric vs. arithmetic average 0 1

EM imputation vs. no imputation of missing data 13 16

Geometric average and EM imputation vs. arithmetic average and missing values 13 16

Source: Saisana and Saltelli, European Commission Joint Research Centre, 2014.

Figure 4: Gl 2014 scores and DEA ‘distance to the efficient frontier’ scores

= DEA efficiency
Gl score (rescaled)

Gl1 2014 (rescaled) and DEA efficiency

0.0

Countries/Economies

Note: For comparison purposes, we have rescaled the Gl scores by dividing them with the best performer in the overall Gl 2014.
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Table 6: Pie shares and distance to the efficient frontier: Top 15 economies in the Gll 2014

Human capital Business Knowledge and
Counttry/Economy DEA efficiency Institutions and research Infrastructure Market sophistication sophistication technology outputs (reative outputs
United Kingdom 1.00 0.08 0.19 0.19 0.19 0.07 0.19 0.08
Switzerland 1.00 0.06 0.19 0.10 0.09 0.18 0.19 0.19
Singapore 1.00 0.07 0.20 0.20 0.12 0.20 0.17 0.05
Sweden 1.00 0.15 0.20 0.20 0.05 0.10 0.20 0.1
Finland 1.00 0.20 0.20 0.11 0.05 0.16 0.20 0.08
United States of America 0.99 0.20 0.20 0.06 0.20 0.09 0.20 0.05
Hong Kong (China) 0.98 0.20 0.05 0.20 0.20 0.15 0.05 0.15
Netherlands 0.96 0.20 0.06 0.20 0.05 0.20 0.09 0.20
Denmark 0.95 0.20 0.20 0.20 0.15 0.05 0.05 0.15
Canada 0.94 0.20 0.17 0.20 0.20 0.05 0.05 0.13
Ireland 0.93 0.20 0.08 0.05 0.20 0.20 0.20 0.07
Israel 0.93 0.05 0.20 0.07 0.20 0.20 0.20 0.08
Luxembourg 0.93 0.20 0.07 0.20 0.05 0.20 0.08 0.20
Germany 0.90 0.20 0.20 0.18 0.05 0.05 0.20 0.12
Iceland 0.86 0.20 0.20 0.20 0.09 0.05 0.06 0.20

Source: Saisana and Saltelli, European Commission Joint Research Centre, 2014.
Note: Pie shares are in absolute terms, bounded by 0.05 and 0.20.

can determine endogenous weights
that maximize the overall score of
each decision-making unit given a
set of other observations.

In this section, the assumption
of fixed pillar weights common to
all economies is relaxed once more;
this time economy-specific weights
that maximize an economy’s score
are determined endogenously by
DEA." In theory, each economy is
free to decide on the relative con-
tribution of each pillar to its score,
so as to achieve the best possible
score in a computation that reflects
its innovation strategy. In practice,
the DEA method assigns a higher
(lower) contribution to those pillars
in which an economy is relatively
strong (weak). Reasonable con-
straints on the weights are assumed
to preclude the possibility of an
economy achieving a perfect score
by assigning a zero weight to weak
pillars: for each economy, the share of
each pillar score (i.e., the pillar score

multiplied by the DEA weight over
the total score) has upper and lower
bounds of 5% and 20%, respectively.
The DEA score is then measured as
the weighted average of all seven
pillar scores, where the weights are
the economy-specific DEA weights
compared to the best performance
among all other economies with
those same weights. The DEA score
can be interpreted as a measure of
the distance to the efficient frontier.

Table 6 presents the pie shares
and DEA scores for the top 15
economies in the GII 2014. All pie
shares are determined in accordance
with a starting point that grants lee-
way to each economy when assign-
ing shares while not violating the
(relative) upper and lower bounds.
The pie shares are quite diverse and
reflect current national innovation
strategies. This year, for example,
Switzerland assigns 19% of its DEA
score to Creative outputs, while the

same pillar accounts for no more

than 5% of Sweden’s DEA score.
More than half of the top 15 econo-
mies assign the maximum allowed
(20%) to the first three Input pillars
of the GII: Institutions, Human capital
and research, and Infrastructure. Five
economies—the United Kingdom,
Switzerland, Singapore, Sweden,
and Finland—reach a perfect DEA
score of 1, and the United States of
America and Hong Kong (China)
are very close to the frontier. It is
worth noting that the 15 economies
that achieved the highest DEA scores
are the same economies in the top 15
of the GII (except for Iceland, which
ranks 19th in the GII). Figure 4
shows how closely related the DEA
scores and GII 2014 scores are for
all 143 economies (correlation of
0.994).

Conclusion
The JRC analysis suggests that the
conceptualized multi-level structure




of the GII 2014 with its 21 sub-
pillars, 7 pillars, 2 sub-indices, and
overall index is statistically sound
and balanced: that is, each indica-
tor and sub-pillar makes a similar
contribution to the variation of its
respective sub-pillar or pillar. The
no-imputation choice of not treat-
ing missing values, common in
relevant contexts and justified on
the grounds of transparency and
replicability, can at times have an
undesirable impact on some coun-
try scores for the Innovation Output
Sub-Index in particular, with the
additional negative side effect that
it may encourage countries not to
report low data values. The choice of
the GII team this year to use weights
as scaling coefficients during the
development of the index (the same
choice that was made for the GII
2012 and 2013) constitutes a signifi-
cant departure from the traditional
vision of weights as a reflection of
indicators’ importance in a weighted
average. Such a consideration will,
it is hoped, also be made by other
developers of composite indicators.

The strong correlations among
the GII components are proven
not to be a sign of redundancy of
information in the GII. For more
than 51.7% (up to 74.1%) of the 143
economies included in the GII 2014,
the GII ranking and any of the seven
pillar rankings differ by 10 posi-
tions or more. This demonstrates
the added value of the GII rank-
ing, which helps to highlight other
components of innovation that do
not emerge directly by looking into
the seven pillars separately.

All published GII 2014 ranks lie
within the simulated 90% confi-
dence intervals that take into account
the unavoidable uncertainties in
the estimation of missing data, the
weights (fixed vs. random), and the
aggregation formula (arithmetic vs.
geometric average) at the pillar level.

For most economies, these intervals
are narrow enough for meaning-
ful inferences to be drawn: fewer
than 10 positions for 81 of the 143
economies. Caution is needed for
some countries with ranks that are
highly sensitive to the methodologi-
cal choices. The Output Sub-index
is more sensitive to the method-
ological choices, mostly because of
the estimation of missing data and
the fact that this sub-index has only
two pillars (with 0.68 correlation);
hence changes to the imputation
method, weights, or aggregation
formula have a more notable impact
on the country ranks. Nevertheless,
country ranks, either in the GII
2014 or in the two sub-indices, can
be considered representative of the
many possible scenarios: 75% of
the economies shift fewer than five
positions with respect to the median
rank in the GII (four and seven posi-
tions, respectively, in the Input and
Output Sub-Indices).

The distance to the efficient fron-
tier measure calculated with DEA
scores could replace the Innovation
Efficiency Ratio as a measure of
efficiency, even if it is conceptually
closer to the GII score than it is to
the Efficiency Ratio. In fact, the 15
economies that achieved the highest
DEA scores are the same economies
in the top 15 of the GII (except for
Iceland, which is ranked 19th in the
GII).

All things considered, the JRC
audit conducted herein shows the
usefulness of the GII 2014 as a sta-
tistically sound benchmarking tool
in reliably identifying strengths and
weaknesses in national innovation
practicesaround the world. We invite
readers and users of the GII 2014 not
to use this index as a standalone met-
ric but to see it instead as a pointer
back to the wealth of information
gathered in the GII framework,
which is a sound attempt to pave the

way for better and more informed

innovation policies worldwide.

Notes
1 OECD/EC JRC, 2008, p. 26.

2 The JRC analysis was based on the
recommendations of the OECD/EC JRC
(2008) Handbook on Composite Indicators
and on more recent research from the JRC.
The JRC audits on composite indicators
are conducted upon request of the Index
developers and are available at http://
composite-indicators jrc.ec.europa.eu/.

3 Groeneveld and Meeden (1984) set the
criteria for absolute skewness above 1 and
kurtosis above 3.5. The skewness criterion
was relaxed to account for the small sample
of 143 economies.

4 See Nunnally, 1978.
5 Saisana et al, 2005; Saisana et al, 2011.

6  With arithmetic average, the no-imputation
choice is equivalent to replacing missing
values with the average of the available
(normalized) data within each sub-pillar.

7 The Expectation-Maximization (EM)
algorithm (Little and Rubin, 2002) is an
iterative procedure that finds the maximum
likelihood estimates of the parameter vector
by repeating two steps: (1) The expectation
E-step: Given a set of parameter estimates,
such as a mean vector and covariance matrix
for a multivariate normal distribution, the
E-step calculates the conditional expectation
of the complete-data log likelihood given the
observed data and the parameter estimates.
(2) The maximization M-step: Given a
complete-data log likelihood, the M-step
finds the parameter estimates to maximize
the complete-data log likelihood from the
E-step. The two steps are iterated until the
iterations converge.

8  Munda, 2008.

9 Inthe geometric average, pillars are
multiplied as opposed to summed as they
are in the arithmetic average. Pillar weights
appear as exponents in the multiplication. All
pillar scores were greater than zero, hence
there was no reason to rescale them to avoid
zero values that would have led to zero
geometric averages.

(2]
~
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10 The original question in the DEA literature
concerned how to measure each unit's
relative efficiency in production compared
with a sample of peers, given observations
on input and output quantities and, often,
no reliable information on prices (Charnes
and Cooper, 1985). A notable difference
between the original DEA question and the
one applied here is that no differentiation
between inputs and outputs is made (Melyn
and Moesen, 1991; Cherchye et al., 2008). To
estimate DEA-based distance to the efficient
frontier scores, we consider the m = 7 pillars
in the GII 2014 for n = 143 economies, with
Yij the value of pillar j in economy i. The
objective is to combine the pillar scores per
economy into a single number, calculated as
the weighted average of the m pillars, where
w; represents the weight of the jth pillar. In
absence of reliable information about the
true weights, the weights that maximize
the DEA-based scores are endogenously
determined. This gives the following linear
programming problem for each country i:

7

gy'/w'/ (bounding

Y = max ! )
i wij L constraint)
max 2,5, W,

Yo € ssaj=1

subject to

- (non-negativity
(= 0, .

constraint)

where
j=1...1
i=1..14

In this basic programming problem, the
weights are non-negative and a country's
score is between 0 (worst) and 1 (best).
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CHAPTER 2

The Human Factor in Innovation

MARTIN SCHAAPER, UNESCO Institute for Statistics

This chapter will analyse and discuss
major global trends related to the
presence of skilled labour in coun-
tries, drawing on aggregated data
collected by UNESCO through
its Institute for Statistics (UIS) and
other international organizations.
Although there is a rich literature
on the relation between skills and
innovation, it is not possible in
this chapter to delve deeply into
that literature and explore the data
accordingly. Such an analysis would
require both more space than is avail-
able here and a micro-econometric
data analysis. The data presented
here are nationally aggregated data
that do not allow for such detailed

consideration.

The role of innovation

Innovation is instrumental to the
increase of human well-being. It
can make a difference in addressing
urgent developmental challenges
such as providing access to drink-
ing water, eradicating neglected
diseases, and reducing hunger.
Technology and technological
advances are a key component of
innovation—they raise productiv-
ity and, by extension, contribute to
economic growth.' Particularly in
high- and middle-income econo-
mies, the evidence of innovation’s
vital importance is overwhelming,

but it is important for economies at

all stages of development, although
different types and degrees of
innovation play different roles at
various stages. In order for low- and
middle-income countries to reach
per capita income levels similar to
those of the richest economies, they
need to expand both their access
to technology and their capacity to
use it.> This process of ‘catching up’
generally occurs through imitation
and technology acquisition rather
than independent research and
experimental development (R&D)
and innovation.”> However, technol-
ogy transfer itself poses substantial
problems of adaptation and absorp-
tion that are related to investments
in technological capability. A suc-
cessful transfer requires a complex
array of skills, knowledge, and
organizational structures in order to
operate a technology efficiently and
accomplish any process of techno-

logical change.*

Skills for innovation

Innovation depends on people who
are able to generate and apply knowl-
edge and ideas in the workplace and
in society at large, but explicit links
between specific skills and inno-
vation are difficult to establish.’
And although a ‘strong connection
between education and economic
development has often been pro-
posed, the content, mechanisms,

and outcomes of this link remain
a matter of debate’.® The broad
definitions of skills and innovation,
the difficulty of measuring human
capital and innovation outputs and
outcomes, and the relative scarcity
of innovation-specific empirical
studies all serve to limit the clear
identification of such relationships.
Furthermore, no simple or unam-
biguous connection exists between
a given innovation or technology
and the demand it makes for skilled
workers.
How a technology is deployed is mediated
by many factors, most notably [..] by firm
strategies and work organisation methods.
Moreover, the direction of causation is
ambiguous: skills and knowledge are
both an input and output of innovation.
Implementing a particular innovation
often requires training a workforce and use
of a given innovation by the workforce in
the production process and consumption

gives rise to incremental improvements to
the original innovation”

To take maximum advantage of
R&D and other innovative activi-
ties being carried out in a country,
framework conditions conducive
to innovation are vital. The most
important condition is the pres-
ence of a large, well-educated stock
of human capital, which helps
countries accelerate technological
catch-up.® The connection between
human capital and innovation in
low- and middle-income countries,
and its corresponding impact on
productivity, stems mainly from the

Terminology on states and territories used throughout this chapter is that of UNESCO and differs from UN common practice.
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Figure 1: Proportion of population aged 25 years and older with tertiary education and gross enrolment ratio in tertiary education,

by region (2011, %)
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Source: UIS Data Centre, accessed January 2014.

Notes: Based on data for the latest year available for 114 economies; no estimations were made. The ‘gross enrolment ratio’ (GER) for tertiary education is defined as the number of students enrolled in tertiary education, regardless of age,
expressed as a percentage of the five-year age group starting from the official secondary school graduation age. The composition of the regions can be found in the annex at the end of this chapter.

contribution of skilled workers ded-
icated to adapting existing technolo-
gies.” The negative effect of a large,
poorly educated population is the
primary reason for poor innovative
performance. Positive externalities
from higher educational attainment
are found in the form of both a higher
rate of innovation and more rapid
technology transfer.'” The existence
of skilled labour 1s a more decisive
element in the transmission of tacit
knowledge than university or indus-
try research.'” Improving human
capital through formal education
R&D activities

increases firms’ absorptive capac-

and continuous

ity, thereby facilitating technology
adoption and mastery. The chain
reaction that results from a more
highly skilled labour force offers
possibilities for generating improve-

ments and follow-up innovations."

Higher education and educational
attainment
Although
country’s stock of highly educated

the link between a

people and its wealth is not clear-
cut or direct, correlations can be
observed. Analysing enrolment
rates in tertiary education provides
an indication of whether and how
this situation may change in the
years to come. Figure 1 shows the
proportion of the population over 25
years old that has completed tertiary
education, broken down by region
on the primary axis. The figure also
shows regional averages for the gross
enrolment ratio (GER) in tertiary
education for the year 2011 on the
secondary axis.

What stands out is that the high-
est proportion of population with a
university degree 1s found in Central
and Eastern Europe, at 36%—far
ahead of richer North America and

Western Europe (23%) and also
ahead of Central Asia (22%). At the
other end of the scale, and more
according to expectations, we find
Sub-Saharan Africa at only 3%. The
data further show that the highest
enrolment ratio is found in North
America and Western Europe, indi-
cating that this region is catching
up in educational attainment—but
only slowly, because the countries
in Central and Eastern Europe fol-
low closely. The two regions that
follow—Latin America and the
Caribbean and East Asia and the
Pacific—are adding more people
with a tertiary education to their
populations than the other regions,
and will therefore over time move
up in the rankings. It is noteworthy
that the global enrolment ratio, at
30%, is double the global stock of
people with a tertiary education,
meaning that more people are pur-

suing tertiary education than in the




Figure 2: Researchers per million inhabitants (2009)
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past. Looking at the evolution of the
global GER over the last decade, the
premium placed on a higher educa-
tion degree becomes clear. There has
been an explosion in enrolment in
tertiary education, with the global
GER almost doubling between 1998
and 2011. This growth has been
uneven across regions, however.
The highest growth rates are in Asia,
with the exception of Central Asia,
where the GER even decreased after
2007.

Research and experimental development
Since World War II, investment in
R&D has been regarded as one of the
key strategies needed to secure tech-
nological potential and, therefore,
innovation and economic growth.
However, R&D is unprofitable
for low levels of human capital; it
becomes profitable only whenhuman
capital reaches a certain threshold."”
This implies a correlation between

the data shown in the previous sec-
tion and the volume of R&D carried
out in economies. Figure 2 sheds
light on this.

Figure 2 shows the strong cor-
relation between the educational
attainment and enrolment (GER)
shown in Figure 1 and the number
of researchers. The two regions with
the highest numbers of people with
a tertiary education and with the
highest enrolment ratios in higher
education are also the two regions
with the most researchers as a pro-
portion of the total population:
North America and Western Europe
and Central and Eastern Europe. At
the other end, South and West Asia
and Sub-Saharan Africa have the
fewest highly educated people and
the fewest researchers. East Asia and
the Pacific deserves a special men-
tion, as it ranks higher on the share
of researchers in the population
than it does on the attainment scale.
This region is dominated by China,

Arab States

South and
West Asia Africa

Sub-Saharan

which has not only been extensively
expanding its higher education sys-
tem, but has enlarged its research
system even more.

Digging a bit deeper into the
data contributes a perspective on the
role of women in research. Although
globally more girls than boys enter
university, at the PhD level, even
though they are close, the share of
girls drops below 50%. However,
the proportion of women in research
shows a particularly large gap, with
women making up only 30% of the
global research population. This
gap can be observed not only in the
poorer parts of the world, but also
in the richer parts. Various explana-
tions are offered, including gender
stereotyping and working conditions
that are unfavourable for women,
especially during their childbearing
years. The fact remains, however,
that a great deal of potential remains

unused, and governments should
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Figure 3: Internationally mobile students, thousands (2009)
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Source: UIS Data Centre, accessed January 2014.

Notes: ‘Internationally mobile students’ (or ‘mobile students’) are those who have crossed a national border and moved to another country with the objective of studying. The composition of the regions can be found in the annex at the end of

this chapter.

take action to tap into this pool of
potential researchers.

Despite the observed correla-
tions among attainment, enrolment,
and the number of researchers, more
elements are at play than skills alone.
For example, in the Community
Innovation Survey 2010'*—when
firms in the European Union
were asked which factors were
the most important obstacles to
innovation—the lack of qualified
personnel as a highly important
factor hampering innovation activi-
ties on average ranked only 6th for
innovative enterprises and 7th for
non-innovative enterprises out of
11 factors proposed.” The UIS is
currently collecting global innova-
tion statistics. When the results are
released in July 2014, the lack of
skills will be an indicator that can

be studied for many more countries.

International mobility

The last decades have seen an explo-
sion in the cross-border traffic of
people ofallskilllevels. In this migra-
tory trend, the most relevant factor
for innovation is the movement of
highly skilled people, whether they
are students or experienced profes-
sionals. Figure 3 shows the number
of internationally mobile students in
2009.

In 2009, almost 3.4 million
students were studying abroad. By
far the most popular destinations
were the developed economies
of North America and Western
Europe—this was the only region
with a net inflow. It received close
to 2 million students, of which about
one-third attended university in the
United States of America (USA).
Mobility is of course not limited to
students. The Careers of Doctorate
Holders (CDH) survey—developed
by the Organisation for Economic

Co-operation and Development
(OECD), the UIS, and Eurostat'‘—
includes a module on international
mobility. According to Auriol et
al., ‘[tlhe 2009 CDH figures reveal
that, in the countries for which data
are available, an average of 14% of
national citizens with a doctorate
have been internationally mobile in
the previous 10 years’;'” furthermore,
‘the USA steadily appears among
the three first destination countries
[...]. Likewise, the three largest EU
countries (France, Germany, and
the United Kingdom) appear among
the favourite destinations, as well as
those countries with strong histori-
cal, cultural, or linguistic links with
the reporting country’.'®

The CDH indicators provide
interesting information on inter-
national mobility, but they do not
enlighten us about the migration
patterns of doctorate holders and
the possible resulting brain drain
for economies. The data at hand are




too sparse and insufficiently robust
to allow such analysis. In order to
study migration better, the OECD
has compiled data on migrant stocks
from a wide array of origin coun-
tries. This database (called DIOC-E)
covers 89 destination countries and
includes information on 110 million
migrants aged 15 and over.”” Of all
migrants in the database, 68% live
in OECD countries; the remaining
32% live in the non-OECD coun-
tries currently included in the data-
base. Low-skilled migration to both
OECD and non-OECD countries
still dominates in absolute terms.
However, the emigration rate for
highly skilled persons exceeds the
total emigration rate in all regions,
which reflects the selective nature
of migration. The magnitude of
the global emigration rate of highly
skilled persons from Africa is strik-
ing: it is estimated at 10.6% (9.7%
for migration to OECD countries),
compared with other regions of ori-
gin and the world average of 5.4%
(4.3% to OECD countries).”
Historically, the USA has been
the destination of choice of many
science and engineering (S&E)
students and workers. This contin-
ues to be the case. The National
Science Foundation’s Science and
Engineering Indicators provides inter-
esting information on foreign-born
scientists and engineers in the USA.
For example, in 2011, foreign-born
individuals accounted for 21% of
workers employed in non-academic
S&E occupations in the USA,
which is higher than their repre-
sentation in the overall population
(13%).2" Furthermore, in most S&E
occupations, the higher the degree
level, the greater the proportion
of the workforce who are foreign
born: workers from overseas range
from between 13% and 23% at the
bachelor’s level to over 40% at the
doctoral level. The leading countries

of origin among immigrants with a
highest degree in S&E are China and
India. Most foreign-born nonciti-
zen recipients of US S&E doctorates
report that they plan to stay in the
USA after graduation (75%); this
proportion has risen over time, with
the highest proportions reported
by S&E doctorate recipients from
China and India (86% to 87%, a
proportion that has been declining
since the early 2000s).??

Concluding remarks
The data analysed in this chapter
broadly confirm preconceptions
about the link between innovation
and skills. UIS data show a corre-
lation between educational attain-
ment and level of development.
Generally, the more developed the
region, the higher the percentage of
the population that have completed
tertiary education, although the cor-
relation is not perfect. And more and
more students are enrolling in ter-
tiary education, clearly showing the
importance attached to education
before entering the labour market.
On tertiary enrolment, again the
richer regions are far ahead of the
poorer regions, in particular Sub-
Saharan Africa. Furthermore, the
regions with the highest numbers of
people with tertiary education and
with the highest enrolment ratios in
higher education are also those with
the most researchers as a propor-
tion of the total population. This
can be explained in part by the fact
that economies that are catching up
are more dependent on technology
transfer than they are on original
R&D. Moreover, R&D is generally
unprofitable for firms with low lev-
els of human capital.

Economies at the lowest levels
of development may be trapped
in a vicious circle. Low economic

development does not offer a context

that provides enough incentives for
young people to pursue higher edu-
cation, and without a skilled popu-
lation, economies will not grow.
Furthermore, people vote with their
feet and move to places that offer
more opportunities. Internationally
mobile students overwhelmingly
move to North America and Western
Europe, which is the only region
with a net inflow of foreign students.
The USA remains the most popular
destination not just for students but
also for highly skilled profession-
als, and an important part of that
country’s innovative prowess can
be ascribed to these very talented
foreigners.

However, correlation is not the
same as causation. These data neither
provide explanations nor do they
indicate the direction of potential
causation. Does a lack of skills lead
to poor development, or does poor
development lead to a less-skilled
population? The data presented here
are nationally aggregated data, fur-
ther summed up to regional totals,
which does not allow for such a
detailed analysis. To properly answer
the question of how skills relate to
innovation, more information is
needed about the demand for skills
by employers and the supply of these
skills by highly educated people. To
that end, firm-level surveys should
ask more questions about skills
and how those skills relate to firm
performance.

But surveys also need to be car-
ried out at the level of the individual.
The CDH survey is a prime example
of the type of survey and data col-
lection that warrants being taken
up more widely. So far, there is also
insufficient hard evidence about the
extent of brain drain and its impact.
More information is needed, but it
is extraordinarily difficult to col-
lect. Finally, to fully understand the

link between innovation and human
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resources, all information collected
needs to be analysed at the microdata
level using econometric methods
(see Box 1, Annex 1 in Chapter 1).

Notes
1 See OECD, 2012; UIS, 2014; and many others.

2 Crespiand Zuniga, 2012.

3 Bell and Pavitt, 1993; Katz, 1986.

4 Archibugi and Pietrobelli, 2003.

5 OECD, 2011.

6 Bruland, 2003.

7 Toner, 2011, p.59.

8  Nelson and Phelps, 1966; Griffith et al., 2004.
9  Lépez Boo, 2009; Navarro et al, 2010.
10  Bilbao-Osorio and Rodriguez-Pose, 2004.
11 Audretsch and Feldman, 1996.
12 Goedhuys et al., 2008.
13 Sorensen, 1999.

14 See http://epp.eurostat.ec.europa.eu/
portal/page/portal/microdata/documents/
CIS_Survey_form_2010.pdf.

15 The 11 hampering factors are: Lack of
qualified personnel; Lack of information on
technology; Lack of information on markets;
Difficulty in finding cooperation partners
for innovation; Markets dominated by
established enterprises; Uncertain demand
for innovative goods or services; No need to
innovate due to prior innovations; No need to
innovate due to no demand for innovations;
Lack of funds within the enterprise or group;
Lack of finance from sources outside the
enterprise; and Innovation costs too high.

16  Auriol et al, 2012.

17 This is a low estimate since the data are
based on the declarations of returnees
and do not take into account those who
are currently and may remain abroad.
[Furthermore, most of the data are for]
individuals in countries that host world-
leading research organisations [who] may
[therefore] perceive a lesser need to move
abroad.’ Auriol et al,, 2013, p. 57. Other factors
may play a role too.

18  Auriol etal, 2013, p. 57.

19  For further information about
the DIOC-E database, see http:/
www.oecd.org/migration/
databaseonimmigrantsinoecdandnon-
oecdcountriesdioc-e.htm. Results are written
up in Dumont et al., 2010.

20 Dumont et al, 2010.
21 NSB, 2014.

22 NSB,2014.
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ANNEX 1

Composition of the regions

ARAB STATES CENTRAL ASIA
Algeria Armenia
Bahrain Azerbaijan
Djibouti Georgia
Egypt Kazakhstan
Iraq Kyrgyzstan
Jordan Mongolia
Kuwait Tajikistan
Lebanon Turkmenistan
Libya Uzbekistan
Mauritania
Morocco EAST ASIA AND THE PACIFIC
Oman Australia
Palestine* Brunei Darussalam
Qatar Cambodia
Saudi Arabia China
Sudan China, Hong Kong SAR
Syrian Arab Republic China, Macao SAR
Tunisia Cook Islands
United Arab Emirates DPR of Korea
Yemen Fiji

Indonesia
CENTRAL AND EASTERN EUROPE Japan
Albania Kiribati
Belarus Lao People’s Dem. Rep.
Bosnia and Herzegovina Malaysia
Bulgaria Marshall Islands
(roatia Micronesia (Fed States of)
Czech Republic Myanmar
Estonia Nauru
Hungary New Zealand
Latvia Niue
Lithuania Palau
Montenegro Papua New Guinea
Poland Philippines
Republic of Moldova Republic of Korea
Romania Samoa
Russian Federation Singapore
Serbia Solomon Islands
Slovakia Thailand
Slovenia Timor-Leste
TFYR of Macedonia Tokelau
Turkey Tonga
Ukraine Tuvalu

Vanuatu

Viet Nam

SUB-SAHARAN AFRICA

LATIN AMERICA NORTH AMERICA
AND THE CARIBBEAN AND WESTERN EUROPE
Anguilla Andorra

Antigua and Barbuda Austria

Argentina Belgium

Aruba (anada

Bahamas Cyprus

Barbados Denmark

Belize Finland

Bermuda France

Bolivia Germany

Brazil Gibraltar

British Virgin Islands Greece

Cayman Islands Holy See

Chile Iceland

Colombia Ireland

Costa Rica Israel

Cuba Italy

Curagao Liechtenstein
Dominica Luxembourg
Dominican Republic Malta

Ecuador Monaco

El Salvador Netherlands
Grenada Norway
Guatemala Portugal

Guyana San Marino

Haiti Spain

Honduras Sweden

Jamaica Switzerland
Mexico United Kingdom
Montserrat United States
Nicaragua

Panama SOUTH AND WEST ASIA
Paraguay Afghanistan

Peru Bangladesh
Puerto Rico Bhutan

Saint Kitts and Nevis India

Saint Lucia Iran (Islamic Rep. of)

Saint Vincent and the Grenadines
Sint Maarten

Suriname

Trinidad and Tobago

Turks and Caicos Islands

Uruguay

Venezuela

* Palestine is a member of UNESCO and is included for that reason in this annex and in the aggregate data in Figures 1,2, and 3.

Maldives
Nepal

Pakistan
Sri Lanka

Angola

Benin

Botswana
Burkina Faso
Burundi
Cameroon

(Cape Verde
Central African Rep.
Chad

Comoros

Congo

Cote d'lvoire
Dem. Rep. of the Congo
Equatorial Guinea
Eritrea

Ethiopia

Gabon

Gambia

Ghana

Guinea
Guinea-Bissau
Kenya

Lesotho

Liberia
Madagascar
Malawi

Mali

Mauritius
Mozambique
Namibia

Niger

Nigeria

Rwanda

Sao Tome and Principe
Senegal
Seychelles

Sierra Leone
Somalia

South Aftica
South Sudan
Swaziland

Togo

Uganda

United Rep. of Tanzania
Zambia
Zimbabwe
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CHAPTER 3

Educating Innovators and Entrepreneurs

RICHARD ScOTT and STEPHAN VINCENT-LANCRIN, OECD Directorate for Education and Skills

Successful innovation rests on a
foundation of education and skills.
As the Global Innovation Index
(GII) demonstrates, increasing the
educational achievement of young
people is crucial to a country’s
ability to generate new knowledge
and to innovate. But we should not
assume that existing education sys-
tems are necessarily aligned with the
need to produce the next generation
of innovators. Education systems
that narrowly focus on test-based
academic performance and numbers
of students enrolled in science and
technology subjects are not neces-
sarily those that will produce young
people with the creativity, critical
thinking, and communication skills
that innovative societies require. In
particular, a narrow focus on the
acquisition of academic knowledge
risks encouraging a teaching model
that threatens to dampen innova-
tive and entrepreneurial spirit rather
than foster it. Instead, school edu-
cation should ensure that young
people not only acquire excellent
knowledge but are also able to apply
knowledge in a variety of contexts,
and should also ensure that they
develop less easily measured skills
such as creativity. Decision makers
should avoid crowding out arts and
non-technical subjects that have an
important role to play in developing

the skills conducive to innovation in

all its forms. The push for academic
excellence needs to be combined
with quality teaching and learning
methods that stimulate a wide range
of thinking and behavioural skills.

Aligning education and skills
policies with the objective of increas-
ing global innovation capacity is
especially pressing in light of recent
global economic trends. Over recent
decades, rapid technological change
has revolutionized many aspects
of everyday life. But it has also
changed the nature of work, espe-
cially in Organisation for Economic
Co-operation and Development
(OECD) countries. Higher-order
thinking skills, such as the ability to
process large quantities of informa-
tion, have become more important
in the workplace at the expense of
routine skills that can now be under-
taken by increasingly sophisticated
machines. In this context, education
systems need to equip young people
with the skills to both participate
in and respond to innovation in the
workplace. Moreover, especially in
light of the recent global economic
crisis, improving skills is one of the
most important ways to raise inno-
vation, productivity, and economic
growth, and to improve social wel-
fare and equality.

This chapter explores the role of
education, primarily at the school

level, in fostering the dispositions

and skills conducive to innovation.
It examines what skills are required
for innovative societies, how differ-
ent teaching methods may help foster
these skills, what policies and initia-
tives economies are undertaking in
this area, and some of the remaining
challenges. Finally, implications for
the GII are discussed.

Context and background

Education policies to foster inno-
vation have traditionally focused
on increasing participation in sci-
ence, technology, engineering, and
mathematics (STEM) disciplines.
Recently, however, a more compre-
hensive view of innovation, which
recognizes the contribution of a
wider set of skills and disciplines, has
emerged. While STEM specialists
are undoubtedly important for cer-
tain types of innovation, particularly
technological innovation, govern-
ment policy needs to take a broad
view of the competencies used in the
innovation process.

Surveys of tertiary-educated
employees show that innovation
requires a broad range of skills.
The international REFLEX sur-
vey," which interviews graduates
five years after their graduation,
shows that innovative employees
(whom we define as those working

in an organization that innovates

Richard Scott and Stéphan Vincent-Lancrin are Analyst and Senior Analyst, respectively, at the OECD Directorate for Education and Skills. The analyses given and the
opinions expressed in this chapter are those of the authors and do not necessarily reflect the views of the Organisation for Economic Co-operation and Development
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and participating in the introduc-
tion of these innovations) report
that they use more of all types of
skills in their jobs than their non-
innovative counterparts. Among the
results from the self-reported use of
skills that most distinguish innova-
tive and non-innovative workers
are ‘coming up with new ideas and
solutions’ (creativity), ‘a willingness
to question ideas’ (critical think-
ing), and ‘the ability to present new
ideas or products to an audience’
(communication).

Reflecting this evidence from
innovative workers, along with
findings from the wider literature,’
skills for innovation can be grouped

into three broad categories:

* Subject-based skills, which rep-
resent knowledge and know-

how in a particular field.

* Thinking and creativity, includ-
ing both higher-order skills and
creative cognitive habits. These
competencies include critical
faculties, imagination, and curi-

osity.

* Behavioural and social skills,
including skills such as self-con-
fidence, leadership and manage-
ment, collaboration, and persua-

sion.

In terms of qualifications, it is
not just graduates of tertiary educa-
tion who contribute to innovation.
Technical skills such as craft, design,
and testing play an important role
in innovation, especially in the
incremental changes that make up
a large proportion of innovation in
practice.” Vocational education and
training, in particular, help provide
these essential capabilities. Moreover,
non-technological innovation (such
as new organizational methods and
marketing innovations) requires a
skill-set very different from that pro-
vided by traditional university-level

science and engineering training.
Again, a mix of qualification levels
appears to be important. Balanced
innovation systems need doctorate-
holding researchers with focused
expertise, but also informed users
and consumers who have the curios-
ity and imagination to adapt goods
and services to their own needs.
Developing a wide set of skills is
important for all individuals, not
just for the sub-set who will go on
to innovate.

Together, these insights help
define the role of education in
innovation. Developing excel-
lent subject-based knowledge is
undoubtedly important for an inno-
vative society, but it is not enough
on its own. In addition to raising
academic achievement across all
levels of education, innovation poli-
cies need to pay more attention to
what skills young people acquire.
Fostering critical thinking, creativ-
ity, and behavioural and social skills
should be viewed as a central element
of the remit of schools, colleges, and

universities.

How can different types of school
education develop skills for innovation?
Work by the OECD Centre for
Educational Research and Innova-
tion (CERI) highlights several areas
where school education can help de-
velop skills for innovation. In gen-
eral, there are good examples of how
schooling may foster innovation, but
the link between the two is still not
fully understood.
Improving students’ knowl-
edge and learning outcomes is an
important indicator and target in
many national education systems.
But evidence suggests that perfor-
mance in exams or standardized
tests—the way these outcomes are
usually measured—is not necessar-
ily associated with the skills that

matter for innovation. Using data
from the 2006 OECD Programme
of International Student Assessment

(PISA),
Lancrin (forthcoming) highlight

Avvisati and Vincent-
a negative correlation between
national-level student test scores in
science and interest in science. In
fact, few countries successfully man-
age to combine above-average levels
of student interest in science with
above-average performance in the
PISA science test. Countries range
from those with comparatively low
test scores and high interest in sci-
ence (e.g., Mexico) to those with
comparatively high scores and low
interest (e.g., Finland), but a few
do have relatively high scores and
high interest (e.g., Japan). Because
scientific interest was measured by
embedded questions in the PISA
questionnaire, these international
patterns are unlikely to be simply the
result of cultural differences among
countries.

Looking at the within-country
pattern (i.e., among schools in a
single country), there is substantial
diversity across countries. The nega-
tive assocliation between interest and
PISA test scores in science holds for
around half of OECD countries. In
Brazil, Chile, and the United States
of America, for example, schools
with the best test scores in science
tend to have lower levels of student
interest in science, suggesting that
the prevalent modes of teaching and
learning may develop disciplinary
knowledge at the expense of interest
in the topic or curiosity. But schools
with strong science test performance
insome other countries, such as Japan
or the Republic of Korea, seem to
also have students with high levels
of interest. (It is noteworthy that this
within-country pattern can hold in
countries such as the Republic of
Korea, where overall student interest




in science topics is low by interna-
tional standards.)

The apparent trade-off between
performance on tests and curiosity
of pupils is thus neither universal
nor inevitable. Since engagement
and motivation is a key aspect of the
skills required for innovation, it is
important that teaching and learning
activities to improve proficiency on
science tests do not undermine the
development of other skills.

Which teaching practices can
foster both competence in scientific
knowledge while maintaining stu-
dents’ engagement and curiosity?
Analysis of the same PISA data on
science teaching points towards the
importance of linking classroom
topics to real-world applications.
Avvisatiand Vincent-Lancrin (forth-
coming) examine how four different
types of science pedagogy (applica-
tion, hands-on activities, interaction,
and investigation) relate to student
attitudes and performance. Of the
four teaching models, increasing the
time dedicated to application-based
pedagogies is estimated, controlling
for other factors, to have the largest
positive association with interest and
enjoyment of science, although there
is no clear association with perfor-
mance in the PISA science test.
The results indicate that developing
positive attitudes among science stu-
dents in school requires more than
just aiming at good test results, and
that linking classroom theory to
everyday problems is a way of fos-
tering motivation alongside efforts
to improve subject knowledge.

The use of classroom technol-
ogy is also often put forward as a
way of helping enhance skills such
as creative thinking, engagement,
and collaboration. Kirkkiinen and
(2013) outline
how technology-enhanced teaching
models in STEM education—such

Vincent-Lancrin

as online laboratories or educational

gaming—can expand the range of
learning opportunities available to
students and, in the right circum-
stances, help develop higher-order
But

it interactive whiteboards, tablet

thinking. technology—be
computers, or other tools—is best
viewed as facilitating appropriate
teaching and learning of these skills
rather than replacing the traditional
classroom.

In mathematics education, too,
increasing attention is being paid to
the teaching and learning models
that best equip students with use-
ful, long-lasting skills rather than
providing them solely with the
ability to pass tests and use math-
ematics within the confines of the
classroom. In particular, the skills
needed to solve unfamiliar, com-
plex, and non-routine mathematical
problems are likely to be important
in an innovative society. A particular
skill associated with the ability to
tackle such problems is metacogni-
tion, or one’s control of the thought
process around learning. In contrast
to commonly used techniques such
as rote-learning or memorization,
metacognitive teaching models
guide students to consciously think
about the process behind solving
mathematical problems. Findings
from a number of experimental
studies show that metacognitive
mathematics teaching can improve
test performance in mathematics
and, simultaneously, foster impor-
tant skills such as maths reasoning
and motivation, which may con-
tribute to innovation.* Though such
new instruction models need to be
tested on a wider scale, there appears
to be scope in many countries to
focus on developing a wider set of
mathematical skaills.

Reflecting the breadth of com-
petencies used in innovation, efforts
to foster innovative skills among

school students should also look

beyond science and mathematics.
The link between arts education and
innovation, especially, is often rec-
ognized. Indeed, graduates of ter-
tiary arts programmes are among the
most likely to contribute to product
or service innovation.?

As summarized in Winner et al.
(2013), arts education can influence
the skills used in innovation in a
number of ways. Different types of
arts education help develop verbal
or visual-spatial skills, which in turn
play an important role in non-artistic
fields such as verbal competence
(speaking, reading, and understand-
ing written text) and in some maths
or science activities. Most notably,
experimental studies show that
one-to-one music lessons have a
positive effect on IQ and academic
achievement, and that music educa-
tion enhances verbal skills. Theatre
education leads to an improvement
in verbal skills; visual arts educa-
tion improves observational skills
and probably visual-spatial skills and
geometrical reasoning, while more
tentative evidence suggests that
dance education enhances visual-
spatial skills. Experimental research
also shows that theatre education has
a positive impact on the develop-
ment of some social and emotional
skills such as empathy, perspective
taking, and emotion regulation—
skills that are key dimensions of
communication.

Although there is as yet no clear
evidence, good arts teaching prob-
ably also typically develops some of
the habits of mind that are crucial
for innovation. And although most
studies that have examined the link
between arts education and creativ-
ity (measured by paper-and-pencil
tests such as the Torrance Tests of
Creative Thinking)® find a positive
association, it is too early for general
conclusions to be drawn. Buta recent
ethnographic study of high-standard
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visual arts teaching shows that good
teachers explicitly try to develop
not only technical artistic skills
but also creativity, critical think-
ing, and persistence.” Moreover, the
typical teaching methods are highly
personalized and include class proj-
ects, individual consultations with
teachers, mid-project critiques,
peer review, and a presentation of
one’s work to other students or a
wider audience. Teaching methods
in visual arts (and many other art
forms) thus seem closer to the teach-
ing practices that can nurture skills
for innovation than those generally
used in academic subjects.

Another pillar in innovation
and education policy is aimed at
increasing the rate of entrepreneur-
ship. Entrepreneurship education
is a popular policy tool to develop
entrepreneurial skills and encour-
age a more favourable culture and
attitude towards innovation and the
creation of new firms. The content
of entrepreneurship education often
varies. School-level entrepreneur-
ship education often involves try-
ing to foster entrepreneurial skills
through problem-solving activities
and contextual learning based on
interactive projects and games. By
contrast, entrepreneurship education
for upper-secondary school pupils
and young adults is more typically
based on providing information and
developing the practical knowledge
and skills needed to run a business.
For example, the INJAZ Junior
Achievement programme in the
Middle East aims to provide busi-
ness skills and financial literacy to
students in Egypt, Jordan, Lebanon,
Morocco, Saudi Arabia, and the
United Arab Emirates through a
mixture of classroom and extracur-
ricular activities.?

However, the relative impor-
tance of education compared to
other underlying determinants of

entrepreneurship is still uncertain.
The pervasive ‘jack-of-all-trades’
theory of entrepreneurship posits
that successful entrepreneurs are
generalists with skills in a variety of
fields rather than specific expertise
in one area.” This theory points
to the importance of broad-based
schooling. But many of the thinking
and behavioural skills required for
innovation are also central to entre-
preneurship, in addition to charac-
teristics such as the ability to adapt
to change and to tolerate risk and
uncertainty. Therefore, the lessons
from the different teaching methods
discussed above are also highly rel-
evant for fostering entrepreneurial as
well as innovative potential.
Evidence of the effectiveness
of school-level entrepreneurship
education programmes is mixed.
Oosterbeek et al. (2010) showed that
a ‘mini-company’ initiative in the
Netherlands had no statistically sig-
nificant effect on the entrepreneur-
ial skills of students and a significant
negative effect on their willingness
to start a business. But other stud-
ies suggest that entrepreneurship
education in school can develop
non-cognitive entrepreneurial skills
(including persistence, creativity,
and proactivity), at least in the short
term.'” More work is needed to draw
general conclusions and determine
the successful elements of this type

of intervention.

What are countries doing to foster
innovation skills in school education?

By influencing what and how chil-
dren learn, school curricula play
a central role in developing skills
from an early age. The role of skills
for innovation in national curricula
appears to have become more promi-
nentinrecentyearsinmany countries.
A survey of OECD countries in 2009
found that all responding countries

included at least some aspects of 21st-
century skills in primary and lower-
secondary curricula."" Most primary
and secondary education curricula in
developed countries refer to critical
thinking, creativity, problem-solv-
ing, and social skills.

Different country efforts take
2012
National Innovation Strategy,? for

many forms. Denmark’s
instance, promotes the integration
of innovation and entrepreneurship
into the mainstream curriculum and
increases practice-based teaching
in schools and innovation courses
in teacher training programmes. In
addition, some countries—including
Finland, Portugal, and Sweden—
have embedded entrepreneurship
education into primary and second-
ary school curricula, while a num-
ber of OECD countries, including
Australia and Ireland, encourage the
integration of information and com-
munication technologies into schools.
However, although national curricu-
lum eftorts to boost entrepreneurship
and innovation skills appear to be
pervasive across OECD countries, it
can be hard to identify their impacts.
Despite national policies, implemen-
tation can vary significantly across
countries, and teaching tends to
vary widely on a school-by-school
basis. Though national curricula
are important, maintaining school
diversity and a variety of different
teaching approaches can have many
advantages.

Even in many Asian economies,
where education systems have typi-
cally been associated with traditional
learning models and a narrow focus
on STEM subjects, there are signs of
new efforts to emphasize creativity
and critical thinking in national cur-
ricula. Since 2009, the Republic of
Korea (an OECD country) expects
its schools to foster creativity as part
of subject-based learning, but also to
devote almost 10% of overall school




time to projects and other transversal
activities that foster creativity. By the
end of secondary school, students in
Singapore are expected to have devel-
oped critical and inventive thinking
skills as well as social and emotional
abilities such as being ‘resilient in
the face of adversity’. Singapore has
also adopted a mathematics cur-
riculum based around metacogni-
tive approaches to complex problem
solving. In China, since 2009, more
emphasis has been placed on chang-
ing traditional teaching models. In
Indonesia, the practice of ‘lesson
study’ aims to promote professional
learning among teachers and help
them to reflect on their teaching
methods and align those methods
with the needs of students.”

In many other countries across
the world, education systems start
from different positions and face
different challenges in curriculum
reforms. In India, for example, the
rote learning system (i.e., repetition
as a technique for memorization) that
still prevails in many Indian schools
impedes the development of curricula
focused on skills for innovation. But
encouraging examples of curriculum
reform and organizational innovation
have started to appear in India—the
Apeejay school network, for example,
promotes educational programmes
for creativity and innovation, with
practices such as enquiry-based
projects designed to develop cre-
ativity and original thinking."* Not
all efforts need to take place in the
classroom, however. In Costa Rica,
for example, the Innovating at Home
programme aims to teach parents how
to develop their children’s creativity
from an early age."”” These examples
show there is increasing emphasis and
interest in developing wider skills in a

variety of country contexts.

Developing skills for innovation in
school: Remaining challenges

Despite policy efforts in many coun-
tries to place more attention on the
skills that school students acquire, a
number of shared challenges remain.
One potential barrier to develop-
ing skills for innovation is student
assessment.

Assessment processes at the
school level are typically poorly
aligned with skills for innovation.
Despite the fact that curricula in
an increasing number of countries
emphasize a wide range of skills,
student assessment tends to focus
heavily on content knowledge and
cognitive skills.'* This might reflect
the fact that assessments focus on the
competencies that are most under-
stood or are easiest to measure, or
that assessment is limited to formats
that are easy for teachers to mark
and those that allow different pupils,
schools, and regions to be easily
compared.

High-stakes examinations gen-
erally imply that teaching and learn-
ing activities become conditioned
on preparing and passing tests.
Often teaching becomes focused
on the mechanical learning of what
is tested rather than on develop-
ing student skills across the board.
The potential benefits from, say,
application-based or metacognitive
teaching may become apparent only
when assessments try to measure
factors such as problem solving or
reasoning. This has been shown in
studies of problem-based learning in
higher education, and may also be
true in primary and secondary edu-
cation. Although one might expect
that ‘teaching to the test’ could fos-
ter positive outcomes if tests were
appropriately designed to reflect dif-
ferent competencies, it is not possible
to design (short) tests that reflect all
the competencies that society val-
ues.'”” The inclusion of a broader

Box 1: Assessing creativity in
schools

A study commissioned by the OECD
and the CCE (Creativity, Culture and
Education) examines how creativity
could be assessed by primary school
teachers. Lucas et al. (2013) propose a
prototype tool for assessing creativity
in schools that maps the habits of mind
or dispositions associated with creativ-
ity along five principal dimensions:
inquisitive, persistent, imaginative,
collaborative, and disciplined. Two
field trials of the assessment tool in 17
primary schools in England showed
that the tool allowed teachers to be
more precise and confident in devel-
oping pupils’ creativity, while children
showed signs of better understanding
and being able to record their progress.
Although the focus is on creativity, the
tool is broad enough to capture other
skills such as ‘collaborative’ compe-
tencies, which have a strong bearing
on behavioural and social skills. For
schools, the tool had the advantage of
reminding teachers of the importance
of a broad set of competencies and
what they mean in the school setting.
Further development of such forma-
tive assessment tools could increase
teachers’ and students’ awareness of
skills for innovation and help these
skills be monitored in school learning.

range of competencies in new forms
of assessment would, however, give
all stakeholders greater incentives
(see Box 1).

More progress is required across
the world to ensure that educational
assessment encourages schools to
produce well-rounded students. This
will require efforts not only from
policy makers and school decision
makers but also from teachers, who
may need to be trained to assess a
variety of student skills. Innovations
such as formative assessment tools or
curriculum-embedded assessments

can help to ensure that teachers are
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equipped to assess real student learn-
ingin a timely manner." In addition,
advances in software development
have increased the potential for
computer-based assessments (both
formative and summative), increas-
ing the capability for a wide range
of skills to be assessed in a flexible
manner. Finally, the development
of longitudinal information systems
that track students’ progress over
time represent a good vehicle that
can be used to monitor progress in
acquiring a variety of skills over
time and to design appropriate and
personalized interventions for that

purpose.'’

Opportunities and challenges for the
Global Innovation Index
The issues discussed in this chapter
raise some interesting issues for the
GII. At present the Index uses (if
available) a number of school-level
education indicators, including
expenditure on education; school
life expectancy; pupil-teacher ratios;
and PISA results in reading, maths,
andscience. Given current data avail-
ability and measurement challenges,
these indicators adequately capture
the role of education in innovation,
but there could be scope to broaden
the range of indicators in the future.
The first point to note is that,
in many countries, the first priority
in widening the pool of individuals
available to take part in innovation
is to strengthen educational partici-
pation and the foundation skills of
individuals. Changes in indicators
that reflect these fundamental pri-
orities remain relevant for the GII.
Second, the ongoing develop-
ment of the OECD PISA assessment
should, over time, allow the GII to
draw from a wider set of indicators
on pupil skills. Since 2003 PISA has
included a paper-based measure of
problem-solving skills, defined as an

individual’s ability to use cognitive
processes to confront and resolve
real, cross-disciplinary questions. In
PISA 2012 the definition of problem
solving was revised and assessment
moved to a computer-based test.
The computer-based testing can
assess how willing a student is to
engage with a problem rather than
just checking for a right answer. In
2015, PISA will include a computer-
based assessment of collaborative
problem-solving skills, measuring
the capacity of an individual to a
group’s success in problem solving
by sharing effort and understanding.

But other existing and yet-to-be-
developed indicators could, in the
future, help better capture how well
countries’ education systems sup-
port innovation. First, more inter-
national data are needed on student
outcomes in the areas of creativity,
critical thinking, and behavioural
and social skills. Many of these skills
can be measured but indicators on
a wider scale are still lacking. Tests
for creativity, for instance (such as
the Torrance tests) already exist,
but widespread and field-specific
measures would help assess the dif-
ferent aspects of student creativity
in diverse fields. Data on student
attitudes towards entrepreneur-
ship (which already exist in many
countries) could also contribute to
the GII, though caution is needed
as attitudes can reflect a number of
issues. The second main opportu-
nity for new indicators is proxies
of educational processes conducive
to developing skills for innovation.
The fact that school assessment pro-
cesses tend to be poorly aligned to
skills for innovation means that a
wider range of information on how
schools in different countries oper-
ate is needed. Indicators of national
curricula, assessment mechanisms,
the use of active teaching models,

university entrance exams, and work

organization in the education sector
could all shed light on the conditions
for skills development.

Concluding remarks

In the context of a globalized world
where innovation is a main driver of
long-term economic growth, one of
the key challenges for education and
training systems is to find effective
ways to equip more people with the
skills to contribute to innovation
in all its forms. Evidence points to
a range of skills that are required
for innovation, with these require-
ments varying by innovation type.
Education in many disciplines can
contribute, but the way subjects
are taught is as important as the
subject matter—linking content to
real-world applications and teaching
students the skills to address new
problems are important. Although
many countries are addressing the
kinds of skills needed for innovation
in their curricula, school assessment
methods may provide a barrier to
their development. More metrics are
needed for policy makers to gauge
progress in fostering innovative and
entrepreneurial competencies and to
allow the GII to capture a broader
range of student learning outcomes.
Addressing these issues is one of the
key ways education systems can pro-
duce young people able to adapt to
and engage in the global knowledge

economy.

Notes

1 The REFLEX survey is a large-scale survey of
higher education graduates in 14 European
countries and Japan. It was conducted in
2005 and financed by the Sixth Framework
Programme of the European Union. See
http://www.fdewb.unimaas.nl/roa/reflex/.

2 See, for example, Tether et al,, 2005.
3 Toner, 2011.
4 Mevarech et al, 2010.

5 Awvisatiet al, 2013.




6 Torrance, 1998.

7 Hetland et al, 2013.

8 Reimersetal, 2012.

9  Lazear, 2004.
10  For example, Rosendahl Huber et al., 2012.
11 Ananiadou and Claro, 2009.

12 See httpy//ufm.dk/en/publications/2012/files-
2012/innovation-strategy.pdf.

13 OECD, 2013.
14 See OECD, 2012.

15 This example comes from the response
from Costa Rica (unpublished) to the OECD
Science, Technology and Industry Outlook
2014 survey.

16 Ananiadou and Claro, 20009.
17 Looney, 2009.

18  Schleicher, 2012; Karkkainen and Vincent-
Lancrin, 2013.

19  OECD, 2010.
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CHAPTER 4

Higher Education in India: Growth with Challenges

NausHAD Foraes, Confederation of Indian Industry and Forbes Marshall Ltd

The British
Robinson once said,’. .

economist Joan
. whatever
you can rightly say about India, the
opposite is also true.”! Nowhere is
this more true than in higher educa-
tion. Excellence at a few institutes
co-exists with mediocrity at many
others. The opportunity for social
mobility grasped by millions of
Indians who obtain a college degree
contrasts vividly with the waste of
millions who remain excluded from
asystem in which they cannot afford
to participate. And the dynamism
presented by the creation of new
private institutions throws into relief
the stagnant governance structures
of Indian public universities.
Higher education has grown
very rapidly in India over the last 30
years, with the proportion of those
who attend tertiary institutions to
the relevant age group rising from
6% in 1983 to around 20% by 2011.2
This growth has been greatly com-
pressed into only a few areas. First,
most of the growth has occurred pri-
marily in professional fields, espe-
cially engineering and management.
Second, the growth has occurred in
teaching rather than in research,
with public research in India
highly concentrated in autonomous
research institutes instead of univer-
sities.” Third, most of the growth has
been in private institutes rather than
public ones. And fourth, because
the most dramatic growth has been
in professional education such as

engineering and management, the

humanities and social sciences have
been neglected.

Such rapid growth, concentrated
in private rather than public insti-
tutions and focused on only a few
professional fields, has given rise to
four crucial challenges. These are
the need to ensure quality, to build
graduate education and research
universities, to provide equity of
access, and to build excellent lib-
eral arts universities. This chapter
considers ways in which the growth
of the higher education system has
been compressed and the challenges
that have followed, and provides
suggestions for how these challenges
can best be tackled.

The problem of quality

Engineering, pharmaceuticals, busi-
ness, and computer applications have
been the recipients of most of the
growth in higher education in India.
Both the number of engineering
colleges and their enrolment have
grown at a rate of 20% a year for 30
years. At the height of this boom—
from 1995 to 2010—India opened
the doors to approximately one new
engineering college and one new
management institute each day. In
2012-13, India had around 3,500
engineering colleges and 2,500
management institutes.* [n 2013, out
of the nearly 1.5 million approved
engineering seats, almost 1.2 mil-
lion new students were admitted to

various engineering programs across

India (see Figure 1). This is a 30-fold
increase over the 1983 annual enrol-
ment of 40,000 engineers. This
growth has contributed directly
to India’s abundance of engineers,
but raising their quality is a press-
ing concern and represents the first
challenge.

To keep the quality of an engi-
neering education level with the
quality it had 30 years ago (hardly
an ambitious goal), the number of
faculty would need to have increased
30-fold.> Because PhDs in science
and engineering have only doubled
and those holding a Master’s degree
in science and engineering have
only tripled, the number of those
who have achieved the credentials
to teach at the tertiary level has not
kept pace, so the number of faculty
needed to ensure quality teaching
falls very short. In fact, a severe
faculty shortage affects almost every
Indian institute.

Various attempts have been made
to address the quality problem. Most
of these have focused on regulation,
which can dictate the physical infra-
structure for institutes and the quali-
fication requirements for faculty.
More useful measures have taken
the form of various schemes to entice
Indians with PhDs who are work-
ing overseas to come back home
(an example is the Ramalingaswani
Re-entry Fellowship programme)
and programmes to make a career
in academics and research more

attractive to recent graduates (such
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Figure 1: Percent total undergraduate engineering student intake by state groups, 2003 and 2013
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Source: Personal communication, Dr S. S. Mantha, Chairman, AICTE, 7 February 2014.
Note: ‘Early-mover states” are those that expanded college enrolment early (these encompass 30% of the population); ‘Caught-up states’ are those that expanded college enrolment later, but have now caught up (these encompass 19% of the
population); and ‘low-enrolment states" are those where college enrolment is still disproportionately low (these encompass 51% of the population).

as the J.C. Bose National Fellowship
programme).® Such programmes
will have some impact, but it will
be felt mainly at the top end of the
institutional scale. Well over half
the faculty at the great bulk of insti-
tutes in India are ‘temporary’ fac-
ulty who do not have to meet the
requirements, and who have to date
displayed little interest in graduate
programmes or research. It seems
that trying to regulate quality into
institutes has largely failed. Instead,
a combination of market and institu-
tional mechanisms has much greater
potential for providing an effective
boost to quality in education.

For many years, when demand
for professional course seats exceeded
supply, tertiary institutions had little
incentive to improve the quality of
their faculty or their facilities. The
supply of places at institutes of higher

learning has now exceeded demand
in India for the last five years in the
southern states of the country,” and
institutes are finally being forced to
compete with each other to attract
enough students. Simply relying
on the market to weed out those
institutes that cannot perform at an
improved level and thus provide a
higher-quality education, therefore,
will address much of the problem.
The state can also play a useful
role in ensuring that this happens,
however, first by ignoring the cry
of incumbent colleges to limit the
number of new seats and new insti-
tutes. Second, introducing a strong
compulsory accreditation and assess-
ment programme that publishes col-
lege quality indicators would go a
long way towards harnessing this
market solution. And third, one

could emulate the state university

Low-enrolment states

system prevalent in the United States
of America (USA) in the second half
of the 20th century, where a few
excellent (and relatively inexpen-
sive) state universities provided an
excellent ‘quality control’ pool for
more expensive private universities
that must either be better in some
way than their public counterparts
or admit less-qualified students.
What evidence is there that rely-
ing on the market to improve matters
in higher education will work? As
noted above, some improvement in
the five states where supply exceeds
demand is already in evidence.
Moreover, consider the geographi-
cal concentration of India’s higher
education system. In 2003, the five
southern states accounted for two-
thirds of seats and less than one-third
of the population.® This mismatch

was entirely a supply-and-demand




Table 1: Undergraduate engineering student intake by states

Annual student Percent Annual student

Percent

State categories intake (2003) of total intake (2013) Percent of total Population (2011) of total
States that moved early in expanding college

enrolment (Tamil Nadu, Andhra Pradesh,

Maharashtra, Karnataka, Kerela) 248,700 69 695,871 60 363,603,498 30
States that moved later but have caught up

(Madhya Pradesh, Gujarat, Orissa, Haryana, Punjab) 50,294 14 260,215 22 228,135,519 19
States where college enrolment is still

disproportionately low (Uttar Pradesh, West Bengal,

Rajasthan, Bihar, others) 62,302 17 210,381 18 618,830,556 51
Total 361,296 100 11,66,467 100 1,210,569,573 100

Source: Personal communication, Dr S. S. Mantha, Chairman, AICTE, 7 February 2014.

issue. The five southern states had
been the first to permit private
engineering colleges, and student
demand followed. Recent work by
Chandrashekhar and Sharma shows
how, over the last 10 years, 5 million
students migrated from states such as
Bihar, Uttar Pradesh, West Bengal,
and Rajasthan to prosperous states
such as Karnataka, Maharashtra, and
Delhi in search of an education.’
That migration prompted other
states to join in the private education
boom to meet the demand of their
own students. By 2013, many other
states—such as Madhya Pradesh,
Gujarat, and Punjab—had caught
up, and their share of engineering
students now reflects their share in
the population (see Table 1).

The need to build graduate education
and research universities"

The concentration by field has
combined with a focus on teaching
programmes. Graduate technical
education has stagnated relative to
undergraduate education. There are
some signs of life now, with the better
private engineering colleges starting
Master’s degree programmes and the
IndianInstitutes of Technology (II'Ts)
growing their PhD programmes in
a big way. But India will need 10

years of increased output to address
the faculty shortages just at the top
technical institutes, even before
beginning to substantively address
the shortages that are rife across the
country’s mainstream technical edu-
cation system. Even at the very top,
a recent article indicates that the 15
II'Ts have over 2,000 faculty vacan-
cies—equivalent to more than one-
third of its total faculty positions."

Thus the second challenge is
to raise the quantity and quality of
graduate technical education, an
issue linked to where public research
is done. Although India was also
an early investor in public scien-
tific research, this investment went
overwhelmingly into autonomous
scientific research institutions. The
result of doing scientific research in
autonomous institutions has been
that research has largely bypassed
the university system."

A few leading institutes, espe-
cially the IITs, are now focusing
much more on research than they
did in earlier years,” but most pub-
licly funded research is still done in
autonomous institutes. Although
research in the higher education
sector has grown (from 1% to 4% of
national research and development,
or R&D, funds) over the last 20 years,

even its current level of 4% compares

poorly with an international norm
of 15% to 25% of national R&D
spending. Instead India continues to
locate over 90% of its public research
spending within autonomous insti-
tutes. Every other major economy
concentrates public research within
the university system.

Doing public research within
the university system is a long-
established international principle.'*
High-quality graduate education
requires research, and combining
research and teaching will benefit
both. World-class graduate edu-
cation requires teachers who do
research. And the benefits to be had
by combining research and teaching
do not flow only one way, to teach-
ing. Research too benefits, which
is particularly important for India’s
innovation system.

The successful experience of
the Republic of Korea and Taiwan,
Province of China, for example,
indicates that the flow of innovation
runs sequentially from industrial
development to industrial in-house
R&D and then to public scientific
research. An industrial sector com-
peting with the best firms in the
world in increasingly sophisticated
industrial sectors is a requirement for
sustaining investment in in-house
R&D, and strong in-house R&D is
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a requirement for sustaining invest-
ment in public scientific research of
value to industry. Itis only since 1991
that Indian industry has increasingly
had to compete with the world’s
leading firms. This competition in
turn has driven greater investment
in in-house R&D by specific Indian
firms and industries such as pharma-
ceuticals. The more advanced tech-
nological sectors in Indian industry
are only now capable of utilizing,
and therefore sustaining, public
investment in scientific research. By
combining this research with teach-
ing, the Indian economy will get the
primary benefit of doing research:
availability of trained researchers.
The issue of the isolation of
Indian public research has simply
received no public attention and is
not on the reform agenda. Indeed, at
aminimum India should grandfather
the problem and allocate increases
in public research spending to the
higher education sector. Instead, the
problem is perpetuated. In the gov-
ernment’s 11th Plan (2007-2012),"
14 new autonomous public research
institutes were initiated; in the cur-
rent 12th Plan (2012-2017), doors
are opening on another seven public
research institutes.'® Opening new
autonomous research institutes out-
side of the higher education system
remains the number one long-term
problem with the Indian higher edu-
cation system. It is foolish to remain
oblivious to something where con-
trary international evidence is so
overwhelming, so well founded, and

so well known.

Providing equity of access

The rapid growth of the Indian edu-
cation system has overwhelmingly
taken place in the private sector,
leading to concern about equity and
access. Engineering enrolment rose

from 15% in private institutes in 1960

to over 90% by 2006—07."7 Growth
in public-sector higher education
over the last 30 years has been small,
with some renewed investment only
in the last eight years."

Obtaining clear data on just what
proportion of spending on higher
education is put towards public
education and what is put towards
private education is not easy in
India. The official numbers indicate
that India spends around 0.5% of
GDP on higher education."” My—
very rough—estimate indicates that
private spending on higher educa-
tion is about 2% of GDP.>* Why
does this not show in the official
data? Many private engineering and
medical colleges charge before the
admission what are called ‘capitation
fees’—they collect a certain amount
as a cash donation (sometimes with
no receipt) and put this in a trust that
is formed to receive the money. The
amount charged for the capitation
fee varies considerably, based on
course and institute desirability. A
good private engineering institute
in Maharashtra, for example, would
charge an official fee set by the state
of US$1,500 per year, but would add
a capitation fee of US$15,000 as an
immediate, one time ‘donation’ to
the trust before admission is granted.
The fees for attending a medical col-
lege would be even more extreme.

Overall, Indian higher education
is increasingly private and increas-
ingly expensive, in spite of the
growing state regulations regarding
what can be charged and who can be
admitted. The fact that spending on
private education is evident in sur-
veys of consumer spending but not
in official education data means that
capitation fees, long made illegal, are
alive and well.?' The conclusion is
clear: as Kapur and Mehta put it in
the title of their 2004 paper, Indian
education has gone from ‘half-baked

socialism to half-baked capitalism’.*

So the fourth challenge is to provide
equity of access for all Indians.

Only the very best performing
poor (who get into some leading
public institutions such as the IITs
on merit) have access to high-quality
education. They cannot afford the
bulk of private education on offer,
and they cannot access loans because
the fees must be paid unofficially
in cash. The result is that student
loans cover less than 3% of students;
this is in substantial contrast to the
situation in the USA, the United
Kingdom, and Australia, where
more than 50% of students obtain
student loans.”> Reforms that free
all institutes to charge the fees they
wish would allow poor students to
obtain loans for their education.
The state could then guarantee all
student loans, which could be made
available through the banking sys-
tem. These loans could be repaid in
an equitable way. One of the most
interesting approaches to student
loan repayment is the Australian
system, where education loans are
repaid through a surcharge percent
on income tax paid.** This has the
merit of speeding up repayment for
those earning more and reducing
or eliminating it for those in low-
paying occupations. Finally, there is
no reason for the state to subsidize
the tuition of professional courses
at the IITs or Indian Institutes of
Management (IIMs), where median
earnings after graduation comfort-
ably cover the cost of education. The
money saved by not subsidizing pro-
fessional education could be used to
fund a loan or grant programme for
poor students.

Building world-class, full-service

research universities

A focus on professional fields has
the corollary of neglect of the social
sciences and humanities. India today




arguably does not have even a single
world-class, full-service university.”
The country requires several. The
last 10 years have begun to see some
private investment in liberal arts col-
leges and a few endowed universities.
Much remains to be done, however,
to build full-service universities that
provide an excellent education in the
humanities and social sciences. The
abundance of political and intellec-
tual freedom in India can help the
liberal arts to thrive, and the coun-
try’s education policy should make
full use of this advantage.

The most elusive feature of a
world-class institute is excellence.
Excellence is hard to define—most
university presidents who have it say
it is ‘in the water’. But in whatever
way it is defined, excellence is sorely
missing in Indian higher educa-
tion. Only at the Indian Institute
of Science (IISc) Bangalore, the
country’s II'Ts, and some IIMs can
one find excellence in abundance.
Creating a culture of excellence in
an existing educational institution
that is only mediocre is a much
harder task than growing new fields
in an institution that already has it.
Because of this, India’s best chance
of creating a few world-class, full-
service universities is to grow its [ITs
and its IISc into full-service univer-
sities, where graduate and under-
graduate educations are combined
and where science, engineering, and
the liberal arts and humanities are
all of equal merit. Establishing full-
service universities from the II'Ts and
IISCs should be the Indian govern-
ment’s project for the next 20 years.

Conclusions

The relatively small reform of the
early 1980s of allowing private col-
leges in some states triggered a mas-
sive expansion of professional educa-
tion, almost all privately provided.

We should not underestimate just
how impressive this expansion has
been, but the quality problem India
now faces is a direct consequence of
its emphasis on quantity over quality.
The solution is not to limit expan-
sion but rather to improve quality. In
typical Indian style, the state man-
ages to simultaneously overplay and
underplay its role. The state over-
regulates private institutes, limit-
ing what can be started, how many
students can be admitted, what fees
can be charged (although it has been
unsuccessful in eliminating the per-
sistent capitation fees), and the cur-
riculum that is taught. At the same
time, it underplays the assessment
of institute quality, which it should
publish; continues to spend money
on public research in the wrong
place (autonomous institutes); and
grossly underinvests in the liberal
arts and social sciences. Meanwhile,
the public agenda is dominated by
debate on extending caste-based
reservations in public and private
institutions, a move focused nine
parts on electioneering and one part
on educating.*

India has a tremendous oppor-
tunity, an opportunity provided by
a unique combination of the huge
availability of talent in student
numbers with an education system
that—with all its problems—has
demonstrated its ability to respond
effectively to market demand, a
strong social propensity to invest
in education at great personal cost,
and an abundance of the political
and intellectual freedom in which
academic enquiry can thrive. To
produce 1.5 million engineers a
year, of whatever quality, is no
mean achievement. India must now
move on four fronts: first, it must
build true research universities by
moving public research funding
from autonomous institutes to the
university system. That will grow

graduate programmes, which will
simultaneously provide faculty for
the education sector and trained
researchers for industry. Second,
it must use the market more and
more to improve quality in the
largely private professional educa-
tion system, with the state ensuring
public assessment so parents and stu-
dents decide which institutes are of
adequate quality to survive. Third,
it must ensure equity of access on
merit by permitting institutes to set
their own fees and recover costs in a
transparent manner, for which state
guaranteed loans are easily avail-
able. The state will need to step
in to provide adequate support for
non-professional fields, but there is
no reason to subsidize education in
an IIT or IIM or to regulate what an
engineering college can charge. And
finally, it must focus higher educa-
tion investment on building a few
world-class, full-service universities
that will produce the country’s intel-
lectuals of the future. India must not
squander this opportunity.

Notes
1 Sen, 2005.

2 Minglebox.com, 2013; World Bank Data,
available at http://data.worldbank.org/
indicator/SE.TERENRR.

3 Examples of autonomous labs across the
country are the 39 labs within the Council for
Scientific and Industrial Research (CSIR) labs.

4 Personal communication from Dr S.S. Mantha,
Chairman, All India Council for Technical
Education (AICTE), 7 February 2014.

5 Although subjective and difficult to quantify,
a ‘poor quality’ engineering education
means that students who receive such an
engineering degree have low employability
because of their poor skillset.

6  The Ramalingaswami Re-entry Fellowship
programme was instituted by the
Ministry of Science & Technology's
Department of Biotechnology in
2006. See http://dbtindia.nic.in/docs/
Ramalingaswamiadvertisement%2013-14.
pdf for details. For information about the J. C.
Bose Fellowships, see Government of India,
Ministry of Science & Technology, 2005.
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The southern states where places have
exceeded demand are Tamil Nadu, Karnataka,
Andhra Pradesh, Maharashtra, and Kerala,
which together accounted for two-thirds of
all engineering seats until a decade ago.

Forbes, 2003.
Chandrashekhar and Sharma, 2014.

Much of the material in this section is taken
from Forbes, 2013.

Srivastava, 2013.
Forbes, 2013, p. 261.
Ramya, 2013.

See in particular the work of Nathan
Rosenberg and Richard Nelson, and especially
Rosenberg and Nelson, 1994; Nelson, 1993;
Pavitt, 1998; Mowrey, 1998; and OECD, 1998.

Government of India, Planning Commission,
2007.

Government of India, Planning Commission,
2013a.

Cheney et al. 2005, p. 17; Ernst & Young, 2011,
p. 19.

The government has set up 8 new Indian
Institutes of Technology, 7 new Indian
Institutes of Management, and 74 new

state universities in the last eight years
(Government of India, Ministry of Human
Resource Development, 20113, b; UCG, 2012).

UGC, 2008.

My estimate combines the work of Agarwal
(2006) with University Grants Commission
data for public spending (University Grants
Commission, 2008) and some investigating
with National Sample Surveys (Government
of India, Ministry of Statistics and Programme
Implementation, no date) of consumer
spending.

The Times of India, 2013.

Kapur and Mehta, 2004; see also Kapur and
Mehta, 2007.

Agarwal, 2006.

In India, cess is collected by the government
as a percent of all taxes (income tax, service
tax, excise duty tax, etc.). This money is then
used directly to subsidize the tuition fees

of professional courses of government-
sponsored academic institutions, some of
which—such as the IITs and IMs—have
excellent reputations. Students who graduate
from these high-status institutions generally
get well-salaried jobs and ideally can repay
the cost of their education. These students
usually do not need the cess to cover their
education cost, unlike students from lower-
rank institutions, which are not funded
through cess.

25 Ata presentation on our higher education
system that I made at the Planning
Commission some years ago, | repeated this
assertion. After much heated discussion a
few held that we perhaps had one, in JNU
(Jawaharlal Nehru University, in Delhi). For
a country of our size to have arguably one
world-class liberal arts institution surely
proves the point!

26 Sharma, 2014.
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CHAPTER 5

Innovative Activities and Skills

Leon1D GOKHBERG and VALENTINA POLIAKOVA, National Research University — Higher School of Economics, Russian Federation

‘With the transition to a knowledge-
based economy, innovation has
become a driving force for economic
and social change. It is already more
than just a factor in the production of’
goods and services—it has become a
form of mass awareness of both inno-
vation and its implications. In this
central role, successful innovation
requires the population to obtain a
higher level of education, to be more
creative, and to boost their ability
to perceive essential achievements in
science, technology, and innovation
(STI) and implement those in daily
practices. Progress today therefore
depends not only on an economy’s
level of development in STI, but
also on the depth of its penetration
into society as well as the intellectual
potential of the population, its com-
petence in generating and applying
new knowledge, and its ability to
adapt to qualitatively new trends of
STI development.

Population plays multiple roles
in innovation.” It acts as the subject
of production, a role that requires
not only basic STI knowledge but
also an ability to continuously per-
fect professional and technical skills.
As consumers, people perceive and
use new products and technolo-
gies. As citizens, they may engage
in discussions of critical STT issues
and of respective government poli-
cies. A lack of necessary skills in
any particular part of the population

becomes an obstacle to the creation
and distribution of new technologies
and social practices throughout soci-
ety. Because technological changes
occur rather quickly and on a global
scale, such a lack puts nations that
have not carried out a timely transi-
tion to the new technological struc-
ture at risk of being left behind.?
For this reason, national govern-
ments seek to learn more about the
types of skills needed for innovation
and about efficient ways to engage
the population in innovative activi-
ties, including, in a broad sense, the
generation of innovation and its
implementation, social recognition,
and dissemination. This chapter
provides some insights on human
capital inputs into innovation on the

basis of relevant surveys (see Box 1).

Readiness to innovate

People perceive innovation at both
macro- and micro-levels. While the
former is associated with a nation’s
economic and social progress, the
latter is connected to the quality of
an individual’s life. The balance of
these interpretations indicates social
legitimation of innovation in the
‘lifeworld” where ‘people both cre-
ate social reality and are constrained
by the preexisting social and cultural
structures created by their predeces-
sors”* The case ofthe European Union
(EU) is exemplar: the average ratio

Acknowledgement: This study was supported by the HSE Basic Research Programme.

between the two groups that clearly
recognize the importance of innova-
tion for both economic growth and
personal lives is 1:1 (42% and 43%,
respectively) (Figure 1). The picture
for the Russian Federation is rather
different: it demonstrates a substan-
tial gap between the perception of
innovation as a source of economic
growth (39% of respondents in 2011)
and its actual impact on daily life
(17%). Even though the first group
has nearly tripled during 2009-11,
the second group remains stable.
Further to the work of Inglehart
(1997), we suggest that such dis-
crepancies between perception and
impact assessments correlate with
an economy’s position on a transi-
tion curve towards a post-industrial,
innovation-based economic model.
The percentage of respondents who
understand the economic value of
innovation—that is, its effects on
the competitiveness of companies
and their products—in the Russian
Federation is two- to threefold
lower than the EU average. The
gap with countries notable for the
highest shares of innovating compa-
nies in industry, such as Germany,
Luxembourg, Belgium, and Sweden,
is even greater. In those EU coun-
tries with minimal scores of inno-
vation activities in industry, such
as Lithuania, Bulgaria, Latvia, and
Romania, appreciation of the eco-

nomic value of innovation is lower

5: Innovative Activities and Skills

THE GLOBAL INNOVATION INDEX 2014



5: Innovative Activities and Skills

THE GLOBAL INNOVATION INDEX 2014

Box 1: Surveys of public attitudes towards, and understanding of;, STI

Public opinion polls on science-related
issues began in the United States of America
as early as 1970s. Since the 1990s, Member
States of the European Union (EU), Brazil,
Canada, China, Japan, the Republic of Korea,
and the Russian Federation, along with
some other countries, have been tracking
public attitudes towards science, technol-
ogy, and innovation (STI) as well as tracking
public understanding of STI on a regular
basis. Important motivations for tracking
these attitudes with surveys have been the
societal impact of tremendous successes in
STl in addition to well-known technogenic
disasters and their tragic aftermaths.

Innovation s essential for
improving economic growth

Innovative products are mostly
technological novelties

National surveys are usually based on
representative adult population samples
and cover a broad variety of issues, such
as interest in STl and the use of respective
sources of information (including various
types of media, specialized literature, friends,
etc); test-based metrics of understanding
of its major concepts (scientific literacy);
assessments of its impact on the economy,
society, and daily life; views on allied govern-
ment policies; the social prestige of related
occupations; measures of innovative skills
(e.g., Internet and computer skills); the con-
sumption of technologically novel goods
and services; attitudes towards ethically

Figure 1: Public perception of innovation (% of respondents)

A company which does not
innovate will not survive

controversial or dangerous STl areas (nuclear
power, stem cell research, genetically modi-
fied organisms or GMOs); and so on. Special
indicators vary according to a policy agenda
and national particularities.

Survey findings are taken into con-
sideration by national governments in the
elaboration of priority programmes (educa-
tion, space, environment, nuclear energy,
biotechnology) and in their methods of
communicating STI to the general public.
The findings are also considered by busi-
nesses in their strategy planning for the
market promotion of innovative products or
actions in societally sensitive STl areas.

Innovative products often
simplify daily life

The advantages of innovative
products are often exaggerated

Innovative products are
a matter of fashion

A company which sells an innovative product
improves the image of all its products

Consumption of innovative
products is dangerous

None of these

Do not know

W Russia (2011)
B Russia (2009)
Russia (2006)
M European Union (2005)

Higher School of Economics (HSE), 2006, 2009, 2011.

10 20

30 40 50

Percent of respondents

Source: EU data are from Eurobarometer, 2005; data for Russia are from the Survey on Innovation Behaviour of the Population conducted by the Institute for Statistical Studies and Economics of Knowledge (ISSEK)/National Research University —




Table 1: The motivation for using innovations at households in the Russian Federation (% respondents)

User motivation

2003

2011

| admire technological novelties and use them whenever possible
Itis necessary to use technological novelties to keep abreast of life
| use certain technological novelties as far as | need them in my job

My children encourage our family to use technological novelties

I almost do not come across modern technological equipment in everyday life 21

Modern technological equipment frightens me
None of these statements

Do not know

Source: Survey on Innovation Behaviour of the Population conducted by the Institute for Statistical Studies and Economics of Knowledge (ISSEK)/National Research University — Higher School of Economics (HSE), 2011.

than the average by 1020 percent-
age points. In other words, the larger
the shares of innovating companies
and allied employment, the more
operational the abovementioned
population’s function as producers
of innovation. Ireland and Portugal,
which have high rankings for their
industry innovation indicators, have
been exceptions in this regard: their
populations’ disappointment, which
is a result of the influence of the
recent economic downturn despite
the innovativeness of industry, has
been translated into assessments
similar to those of Eastern Europe.
For the Russian Federation,
despite the yet-insufficient impact of
innovation on daily life, the overall
tendency of public opinion regard-
ing innovative products looks rather
favourable. During the last decade,
the share of ‘technological enthu-
siasts'—those who actively exploit
novelties—reached 50%; another
12% were represented by the ‘forced
users,” who are motivated to use
new technologies and methods by
job requirements. Only a marginal
stratum (5%) are still frightened by
modern technological equipment
(Table 1). Children have become
a strong factor affecting technol-
ogy diffusion, a fact explained by
its deepening penetration into the
contemporary lifestyle. However,
nearly one out of eight respondents
remains isolated from technologi-

cal innovation—a warning signal

reflecting the quality of life in cer-
tain population groups.

Four types of respondents can
be distinguished according to their
attitude towards technological nov-
elties: ‘admirers’ (9%), those who
respond ‘positively’ (65%), those
who respond ‘indifferently’ (16%),
and those who respond ‘negatively’
(5%). The first group is rather nar-
row and is represented mostly by
men (61% of all admirers), the
younger generation between 18 and
35 years of age (67%); one-third
belongs to a higher-income category
(compared with 16% for the overall
sample); and 28% of admirers are
university graduates (vs. 21% among
all respondents). Such an attitude
is an attribute of a specific lifestyle
that is not generally widespread. The
polar opposite groups offer quite a
contrast: those who are either indif-
ferent to innovation (e.g., do not
use modern technological equip-
ment in daily life or are not able to
identify themselves with any survey
statements) or who are even nega-
tively motivated (i.e., frightened by
technological novelties) are most
frequently women, older than 55
years, and of poor social strata. Low
income and conservative attitudes
obviously hamper dissemination of
innovative products.

The middle group—the positive
users of innovation—is the most
common and comprises two-thirds

of the Russian population. These

users are typical mainstream con-
sumers;’ their proportion can be
interpreted as an important indica-
tor of social demand for innovation,
and is in fact a focal point of modern
innovation policies.® The diffusion
of positive attitudes reveals the
increase of the population’s recep-
tivity to innovation. Subsequent
changes in social behaviour caused
by the recognition of the impact of
innovation on economic growth and
openness to novelties will stimulate
the market supply of technologically
advanced products and services as
well as public engagement in new
practices enabled by the latter.

Innovative behaviour: Skills and
activities

For analytical purposes, we divide
participants in innovative activities
into three basic categories: ‘innova-
tors’, ‘team members’, and ‘users’.’
Each category is notable for a spe-
cific set of skills that plays a crucial
role in each stage of the innovation
cycle (see Box 2).

According to the Higher School
of Economics (HSE) survey, innova-
tors—those who have been engaged
in initiating and/or implementing
improvements at work (launch-
ing new or modifying existing
products or services, technologies,
business processes, etc.)—amounted
to roughly a quarter of the sample
population (27%). However, only
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Box 2: Skills for innovation: A measurement framework

Our analysis of skills for innovation is based
upon findings of a 2010 Higher School of
Economics (HSE) survey of the employed
population with tertiary and vocational
secondary education degrees in the
Russian Federation.

A relevant methodological basis for
this survey was provided by the European
Qualification Framework, which defined
skills as cognitive (involving the use of
logical, intuitive, and creative thinking)
or practical (involving manual dexterity
and the use of methods, materials, tools
and instruments) meaning the ability to
apply knowledge and use know-how to
complete tasks and solve problems. The
literature often concentrates on skills as
social values and attitudes rather than
abilities,? although some scholars focus
on practical skills> However, both aspects
should be taken into consideration to
ensure comprehensive measurement.*

For survey purposes, the following
classification was proposed: technological

60% of them (or 16% of the total
sample) were identified as successful
innovators who achieved their own
desired goals. Their distinctive fea-
ture is that they exhibit the widest
range of relevant skills among all the

actors:

* Successful innovators are the
most active in browsing pro-
fessional information on the
web (66% of respondents in this
group); reading STI literature
(68%); attending exhibitions and
conferences (43%); and study-
ing information about competi-
tors, consumers, and/or suppliers
(46%).

e They are technologically
advanced because they are study-

ing new professions (83%) and

competencies (the level of engagement
with advanced technologies); information
skills (the ability to conceive and use infor-
mation from different sources, including
mass media and the Internet, and to use
information technologies for communica-
tion and information search); management
skills (project-management skills, mana-
gerial and organizational knowledge);
marketing skills; entrepreneurial skills (the
ability to start a new business, manage it,
and assume responsibility and risk); com-
munication skills; and personal qualities
(creativity, proactive attitude, leadership,
self-efficacy, tolerance, risk-propensity).

Notes
1 European Commission, 2010; Méhaut, 2012.

2 Florida, 2002; Batinic et al., 2008; Sojka and
Deeter-Schmelz, 2008; Chell and Athayde,
2009; Zaytseva and Shulalova, 2011; Zaytseva
etal, 2013.

3 Hanel, 2008; Smatko, 2012, 2013.
4 OECD, 2011a, p. 52.

learning new work techniques

(86%) and equipment (69%).

* They are notable for achiev-
ing the highest scores in e-skills:
75% of successful innovators use
search engines (compared with
60% for the whole sample); 67%
send e-mails with attached files
(vs. 50%); 58% are able to install
new devices (vs. 41%); and 47%
use specialized software (vs.
33%).

* In addition to strong cognitive
skills, they are best equipped
with the knowledge of business
processes and are experienced
in team building and steering,
developing enterprise strategies,
marketing, and external com-

munications.

In terms of personal qualities,
successtul innovators, to a large
degree, exhibit entrepreneurship,
leadership, self-confidence, and
creativity (Table 2). Interestingly,
unsuccessful innovators have simi-
lar psychographic profiles, but their
skill range is more restricted. This
similarity implies that the innova-
tive potential of an individual is not
an instinctive feature, and essential
skills for innovation can be learned.
The same is true for personal quali-
ties, or ‘soft’ skills.®* National educa-
tion systems are therefore motivated
to transform formal curricula and
teaching techniques and to promote
life-long learning aimed at support-
ing the innovative patterns of a pop-
ulation’s behaviour and attitudes.

Successful innovators are accom-
panied by skilled employees (team
members) who contribute to devel-
oping new ideas (15% of respon-
dents). The percentage of efficient
team members whose innovative
projects have been implemented
is even lower—7%. These work-
ers are comparable to innovators
in their skill profile, though it is
narrower: their e-skills are less
advanced and their professional
duties are subjected to in-house
operations. Even the efficient team
members typically visit exhibitions
or conferences (33%) or participate
in strategy planning, fundraising,
and communication activities less
often than the successful innova-
tors. Such team member employees
are conscientious assistants rather
than leaders: their core personal
qualities include a proactive attitude
and self-confidence, although they
lack leadership, creativity, and risk
propensity. Efficient team members
are somewhat older than innova-
tors (44 vs. 41 years on average)
and less frequently have a university
diploma (56% vs. 69%, respectively),
but they are better skilled than their




Table 2: Personal qualities of the innovative workforce

All Innovators Team members Users Non-participants
Quality Successful Unsuccessful Efficient Inefficient Active Passive
Entrepreneurship 0.32 0.71 0.55 0.40 0.32 0.16 0.17 0.04
Tolerance 0.57 0.61 0.56 0.62 0.54 0.57 0.55 0.53
Self-confidence 0.42 0.60 0.51 0.46 0.44 0.37 0.36 0.19
Leadership 0.09 0.53 038 0.13 0.10 -0.13 -0.08 -0.15
Creativity 0.10 0.51 0.40 0.17 0.08 -0.01 -0.12 -0.19
Activeness 0.09 0.37 035 0.18 0.05 0.04 -0.12 -0.17
Risk propensity -0.01 0.15 0.10 -0.04 0.05 -0.05 -0.11 -0.13
Source: Survey on Innovation Behaviour of the Population, conducted by the Institute for Statistical Studies and Economics of Knowledge (ISSEK)/National Research University — Higher School of Economics (HSE), 2010.
Note: Numbers in the table are on the scale of —2.00 (minimal expression) to +2.00 (maximum expression).
inefficient colleagues. This finding  degrees are not engaged inanyinno-  promoting innovation culture,

provides additional evidence of the
impact of training on technologi-
cal capabilities and the innovative
potential of firms.

The
engaged in the implementation of

third important group

innovation unites new knowledge
and technology users. It covers
almost half of employees (48%) and
is divided into two subgroups: ‘active
users’ (22%) and ‘passive users’ (26%).
Active users include those who have
upgraded competencies during the
last five years. This is the youngest
group among all respondents, while
the passive users are the oldest. In
terms of core competencies, active
users stand far behind both the inno-
vators and the team members: they
are insufficiently motivated to use
innovation and less ambitious, with
weaker leadership, creativity, and
risk propensity qualities, but they
are hard-working and tolerant. Such
characteristics allow younger mem-
bers of this subgroup to advance their
position (by, for example, moving
into the group of team members or
even to become successful innova-
tors) in the course of improving their
professional qualities and developing
their careers.

Beyond the abovementioned
categories, 10% of employees with

tertiary and vocational secondary

vative activities. This group is the
least skilled and least well adapted for
innovation, and its members usually
occupy lower positions and perform
the jobs that do not require special
education. A large proportion of
them have qualifications that do not
meet the needs of the labour mar-
ket. Their lack of self-confidence
and creativity hampers learning and
their ability to adapt to changing

circumstances.

Policy implications
Surveys of public attitudes towards
STI and public understanding of it
shed light on the linkages among
social values, skills, and innovation.
These linkages have to be taken into
account by national governments
when designing evidence-based
policies aimed at building public
trust to be shared among differ-
ent parts of the society. No single
approach to such a complex task can
work in every instance, and a one-
size-fits-all model is insufficient
when applied to different countries.
However, some successful practices
are worth considering.

The Strategy for Innovative
Development until 2020, adopted
by the Russian government in

December 2011, centres around

improving allied competencies,
creating a positive image of inno-
vative entrepreneurship, increasing
the societal prestige of STT activi-
ties, and developing an innovation-
friendly environment. An earmarked
President’s Decree of May 2012
urged all governmental agencies to
ensure the coordination of sectoral
policies and programmes with this
document, which consequently
allowed a comprehensive action
plan as a whole-of-the-government
policy to be established.

The primary component of this
action plan is the reform of educa-
tion, with the goal of supporting
the development of innovative skills
and personal qualities from early
childhood. The plan is envisaged
to upgrade education programmes
by placing particular emphasis on
information and com-
(ICT)-
enabled techniques and information

modern
munication technology
resources, enlarging public support
for kindergartens and schools, and
establishing necessary outreach to
parents and raising their awareness
about the benefits of innovation.
An infrastructure that helps to
identify particular talents of students
early and to promote those talents
through individual advanced edu-

cation services is being developed

o
~
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in collaboration with leading uni-
versities. The training of qualified
teachers is given particular atten-
tion, and certain measures are being
taken to reconsider respective edu-
cation standards for teacher train-
ing. Government-supported federal
student Olympiads in mathematics,
natural and social sciences, and
information technology take place
every year, and the winners are
accepted by the best national uni-
versities. Tertiary education reforms
include offering college-level
applied baccalaureate degrees that
combine fundamental knowledge
with advanced technological skills
in specific areas, stronger integra-
tion of courses in management and
entrepreneurship into university
programmes (especially for engi-
neering), and strengthening uni-
versities’ innovative infrastructures
(with technoparks, business incuba-
tors, technology transfer centres,
spin-off firms, etc.) and cooperation
on research and development with
companies.” Training in innovative
entrepreneurship has also become
a key priority for multiple life-long
learning programmes and networks
supported by universities, venture
companies, industry, and regional
authorities.

Large-scale inclusive innovation
policy actions have been imple-
mented atnational and regionallevels
to broaden access to new technology
and combat social exclusion. Several
government programmes envisage
funding to promote e-government
public services, high-tech health aid
and telemedicine, and Internet pen-
etration to remote areas.

An important role in promot-
ing innovative culture is played
by innovation-development insti-

Russian  Venture
RUSNANO, the
Agency for Strategic Initiatives, and

tutions—the

Company,

a few others—which together have

created a joint task force for popu-
larizing innovation. The task force
provides subsidies to STI museums,
exhibitions, and media; organizes
contests for individual innovators;
and supports the innovation proj-
ects of young inventors and start-up
communities. Information centres
in sensitive high-tech sectors (such
as the 17 centres established by the
nuclear energy corporation Rosatom
in the areas of its enterprises’ pres-
ence) contribute greatly to the com-
munication of STI knowledge to the
general public and the populariza-
tion of science education among
children. Another successful exam-
ple of promoting innovation is the
national Science Festival initiated
by the Moscow City Government in
2006. Since its inception, the Science
Festival has spread to 70 regions and
involved more than 500 organiza-
tions—universities, research centres,
innovating companies, museums,
and so on. The Festival enjoyed over
a million visitors across the whole

country in 2013.

Conclusion

The population’s engagement with
innovation requires greater atten-
tion from policy makers and from
society at large. The findings ana-
lysed in this chapter suggest that,
in most cases, people recognize the
importance of innovation for socio-
economic development, although
such an appreciation is not always
coupled with intensive penetration
of innovation into individual life-
styles. A large part of the population
remains isolated from technological
advancements and uninvolved with
any innovative activities. This isola-
tion is explained by social barriers
and the lack of personal attitudes,
skills, and abilities needed to mas-
ter knowledge and technology.
This mixture represents a societal

mindset,'” reflecting the actual sta-
tus of innovation-related values that
embody people’s active involvement
with the social environment and its
improvement by finding better solu-
tions for specific situations at work
or in everyday life. At the individual
level, taken together with a compos-
ite of skills and personal qualities, it
determines the role of a person in
innovative processes and his or her
intellectual and material progress
that can result from seizing oppor-
tunities for life-long learning.
Groups of the population that do
not participate in the implementation
and consumption of innovation are
at risk of being left behind by social
exclusion and subsequent back-
wardness. This may occur because
of a lack of means and adequate
skills, but it may also be deliberate
because of poor self-confidence and
an inability to adjust to a changing
environment. All these factors can
significantly hamper innovation
processes and, consequently, mark
a space for inclusive policy actions.
Popularizing innovation and allied
novel practices aimed at upgrading
competencies and developing an
innovation-friendly environment
are also important components of
boosting competitiveness. Another
critical element is the modernization
of education systems so that they will
ensure the development of knowl-
edge, innovative skills, and personal
qualities (such as entrepreneurship,
tolerance, self-confidence, leader-
ship, creativity, activeness, and risk
propensity) from early childhood.
Given the

of innovation and the long-term

changing nature

character of public awareness and
trust building processes, the policies
that address these areas have to be
adaptive and continuous, and their
efficiency will, to a great extent,
determine the global competitive-

ness of nations.




Notes
1 Gokhberg and Shuvalova, 2004, p. 8

2 Miller, 1996. Here and below, we follow
the internationally harmonized definition
of innovation: ‘An innovation is the
implementation of a new or significantly
improved product (good or service), or
process, a new marketing method, or a
new organizational method in business
practices, workplace organization or external
relations’ (OECD/Eurostat, 2005, p. 46).
Although this definition was initially intended
for companies, we apply it with certain
modifications at the level of households
and individuals and include, among other
things, user innovation aimed at household
improvements, entertainment, leisure,
personal health and comfort, and so on,
beyond technological and organizational
novelties.

3 Miller, 1996; Gokhberg and Shuvalova, 1997
4 Ritzer, 2011, p. 219.

5 Rogers, 1962.

6 OECD, 2011b.

7 In some cases, people may simultaneously
play different roles depending on their
particular positions in specific innovation
projects. For instance, an initiator can
promote his or her own idea and at the same
time implement a supporting function in a
project run by another colleague. In order to
produce more accurate analytical distinctions
we consider pure, ideal types.

8  Chell and Athayde, 2009.
9  For details, see Gokhberg and Roud, 2012.

10 Gokhberg and Meissner, 2013.
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CHAPTER 6

The United Arab Emirates: Fostering a Unique Innovation Ecosystem for a
Knowledge-Based Economy

AHMAD BIN BYAT and OSMAN SULTAN, du

The United Arab Emirates (UAE) is
quickly transforming itself from an
oil-based economy to an innovative,
knowledge-based economy. In fact,
knowledge-based industries and ser-
vices now make up a greater part of
the UAE’s GDP than oil revenues,
having grown from 32.1% in 2001 to
37.5% in 2012.' By moving towards
a knowledge-based economy, the
UAE has diversified its economy
and positioned itself as a key player
in real estate, renewable energy, and
aviation; it has also become a global
hub for trade and logistics, financial
services, and tourism. It has done this
by innovating and aspiring to game-
changing developments: the UAE is
home to the world’s tallest tower and
its most sustainable eco-city, one of
the world’s largest airlines, and state-
of-the art infrastructure and smart
government services—all helping it
to move away from simply localizing
external innovation to developing
its own intellectual property and
creative outputs.

The country’s leadership aspires
to create a knowledge-based econ-
omy fueled by innovation. This is
evident in the UAE’s Vision 2021,
which aims to build a nation where
‘knowledgeable and innovative
Emiratis will confidently build a
competitive and resilient economy.”?
Towards this end, the UAE has
invested significantly in education
and capacity development, set-
ting the foundation for long-term

competitiveness.

The telecommunications sector
in the UAE also has a key role to
play in promoting innovation and
in supporting the country’s evolu-
tion towards a knowledge-based
economy.  Telecommunications
infrastructure and services are the
backbone of a knowledge-based
economy. The sector’s players are
particularly well positioned to cham-
pion the UAE’s national innovation
ecosystem development goals by
using their experience in commer-
cializing innovation, their technical
talent, and their institutionalized
diversification into the digital space.

The UAE’s innovation ecosystem

The three pillars of the innovation
ecosystem are human capital, finan-
cial capital, and technological capi-
tal (Figure 1). The UAE is actively
working to promote innovation
through policies and targeted initia-
tives aimed at developing the human
element of the ecosystem while also
addressing the key enablers of the
human factor: the requirements of

financial and technological capital.

Human capital

Human capital is fundamental to all
innovative change: a well-educated
and highly skilled population and
workforce are a necessary condition
for the potential of innovation to be
realized. To this end, the UAE has
advanced its human capital on sev-

eral fronts. The country has evolved

into a melting pot that taps into
the experiences and perspectives of
people from more than 200 differ-
ent nations, and its population has
grown enormously from 1975 to
2012—much more than the global
average growth rate. It currently
boasts one of the most advanced
education systems in the Middle East
and North Africa (MENA) region,
thanks to continuous investments
across all education levels. Moreover,
advancing women’s education and
economic participation has resulted
in women assuming leadership roles
throughout the nation. A burgeon-
ing culture of innovation—fostered
by the collaborative efforts of gov-
ernment, educational institutions,
entrepreneurial organizations, cor-
porations, and the media—is bridg-
ing cultural barriers. Finally, support
systems for innovation in the form of’
mentors, incubators, and accelera-

tors are starting to emerge.

Education system

The UAE’s budget allocation to
education represents more than
20% of its total government budget,
higher than the benchmark average
of 13% (see Figure 2). The country
is investing in building local talent
by overhauling primary, second-
ary, and higher education systems
and offering various opportunities
for vocational training. As a result,
the country’s rank on the Education
sub-pillar of the Global Innovation
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Figure 1: The pillars of innovation in the UAE

Financial capital
Government funds
Seed, venture and angel

capital

Crowd investment

Source: Strategy& analysis.

Index has improved in two years,
from 65th in 2011 to 15th in 2013.

Keeping its national education
strategy first rate is a continual effort.
The UAE is constantly improving
its educational strategy to ensure
that the programmes developed in
its schools comply with interna-
tional standards. The Abu Dhabi
Educational Council, for example,
has developed a new curriculum to
build the 21st-century skills needed
to foster innovation; these skills
include critical thinking, creativity,
communication, and collaboration.
This curriculum is beginning to
teach these skills when students are
young.

In the UAE, higher education
institutes are expanding by estab-
lishing world-class local universities,
attracting top universities to open
branches in the UAE, and striking
This

international partnerships.

GOVERNMENT LEADERSH,p

Human capital

Best-in-class education system
Diverse global talent

Innovation culture
Entrepreneurship mentorship
Telecomm infrastructure & services

Technological capital
Focused research and
development

Conducive intellectual

GOVERNMENT LEADERSHIP

effort has been driven by national
policies to develop adequate higher
education and research facilities
targeted at different sectors. A few

recent successes include:

* The Khalifa University of Sci-
ence, Technology, and Research
has begun to offer various engi-
neering degrees (including aero-
space, biomedical and indus-
trial engineering) in its aim to
become an internationally rec-
ognized research university.
Several international universi-
ties with a focus on post-grad-
uate degrees (which also attract
practiced professionals to the
country)—including INSEAD,
Paris-Sorbonne, and the London
Business School—have opened
branches in the UAE in the
past few years. Dubai alone has
attracted 26 international uni-

versities from over 10 countries.

property structure

e The Masdar Institute, estab-
lished in 2007 in close coop-
eration with the Massachusetts
Institute of Technology (MIT),
is the world’s first graduate-level
research institute dedicated to
alternative energy and sustain-
ability.

* NYUAD, a joint venture
between New York University
and the Emirate of Abu Dhabi
launched in 2010, offers liberal
arts and science programmes
and hosts a centre for advanced
research.

of UAE

nationals’ capabilities is a top prior-

The development

ity for the government. This place
in the government’s agenda is evi-
denced by its investment in continu-
ing education and career guidance
for its nationals through multiple

initiatives. The government’s key




Figure 2: Budget allocation for education as percent of total government budget

2a: UAE education budget, US$ billions (2012-14)*
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Source: World Bank, 2013; UAE Ministry of Finance.
* Note: Data are the latest available.

imperative going forward is to
develop the deep technical skills that
are required for disruptive innova-
tions, as opposed to generalist skills.
Almost 30% of students in higher
education institutions in the UAE
are studying business and econom-
ics; 14% are studying engineering
and 8% are in the sciences.

The National Human Resource
and Development Authority (Tan-
mia) was established in 1999 to sup-
port UAE nationals by linking them
with potential employers and pro-
viding them with career guidance.
In another example, Advanced
Technology Investment Company
(ATIC)—a wholly owned subsid-
iary of the Mubadala Development
Company focused on the semicon-
ductorindustry—isactively develop-
ing Emirati talent in the technology
space. For example, Tech Quest is
an ATIC programme for middle and

2b: Benchmark education budget, various countries (2010-12)
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Germany

high school students aimed at creat-
ing future leaders in mathematics,
science, technology, and engineer-
ing. AINokhba, another ATIC pro-
gramme, provides internships and
scholarships for bright Emirati grad-
uatesacrossabroad range ofadvanced
technology-driven industries.

The private sector also con-
tributes to the talent development
of UAE nationals. In the UAE,
telecommunications operators con-
tribute 1% of their revenues to the
ICT Fund of the TRA (a govern-
ment entity); one of the ICT Fund’s
mandates is to grant scholarships to
UAE nationals to study engineer-
ing within the UAE or abroad. The
ICT Fund also promotes educational
institutes within the ICT space by
equipping them with laboratories.
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Diverse talent
The representation of more than
200 nationalities within the coun-
try has made the UAE a melting
pot that is fertile ground for inno-
vation. Immigrants constituted
96% of the total UAE workforce
in 2013 and 99.5% of the nation’s
4 million private-sector employees.
Traditionally, the local popula-
tion has been more drawn towards
working in the public sector but
this is now beginning to change;
the UAE government is encourag-
ing the local population to join
the private sector to develop their
skill sets. This is a boon for the
UAE: multicultural teams help fuel
innovation by addressing issues in
creative ways, drawing on mem-
bers’ unique experiences from their
countries of origin.

Attracting foreign talent is an

important aspect of establishing
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and maintaining an innovative
environment. In the UAE, sev-
eral factors have played a role in
attracting immigrants. The overall
good quality of life in the country,
which includes a safe and welcom-
ing environment, state-of-the-art
infrastructure, ease of doing busi-
ness, and absence of income tax have
been key drivers. Free zones have
been set up where businesses can
enjoy 100% foreign ownership and
special tax and administrative incen-
tives: there are 36 such zones in total
across the seven emirates, including
twofour54 media and production in
Abu Dhabi, dedicated to media and
entertainment organizations; Dubai
Knowledge Village, dedicated to
Human Resource Management and
learningexcellence; Ras Al-Khaimah
Industrial and Technology Park, a
world-class business hub facilitating
industrial growth and development;
and Fujairah Creative City, which
benefits smaller media companies
and freelancers.

Women are another key con-
tributor to UAE’s
ent pool. The World Economic

diverse tal-

Forum’s Global Gender Gap Report
2013 ranked the UAE number one
for female educational attainment.’
Although cultural nuances restrict
their labour participation (27.5%
participate in the workforce, com-
pared with 62.5% of men), women
have taken up entrepreneurial roles.
The UAE is committed to advanc-
ing female leadership and increasing
female participation in the economy
through various initiatives. For
example, every government agency
is required to have at least one board
member who is a woman. The Abu
Dhabi Hub of the Global Shapers
Community, launched by the World
Economic Forum in 2013, seeks to
support women through Fikrati,
a competition aimed at fostering

an entrepreneurial culture among

The
Business Women Council builds

Emirati women. Emirates

awareness, educates, promotes
opportunities, and effects positive

change in the community.

Innovation culture
Establishing a culture that encour-
ages innovation and individual char-
acteristics conducive to the ability
to look beyond an established norm
is essential to an environment that
enhances innovative ability. Cultural
barriers to innovation—such as fear
of failure and an aversion to taking
risks—can present serious difficul-
ties. Such barriers are starting to
diminish in the UAE.

Although government jobs
have historically been the preferred
employment for UAE nationals, 71%
of UAE millennials (those who are
35 years old or younger) currently
have entrepreneurial aspirations.*
Women, in particular, may prefer
entrepreneurship because of the
flexible working hours and the abil-
ity to work from home. In fact, more
tech entrepreneurs in the UAE are
female than in many other parts of
the world: women account for 35%
of tech entrepreneurs in the region,
compared with a global average of
10%.°

A collaborative effort among
government authorities, private
corporations, media, and entre-
preneurial organizations is driving
this cultural shift through regular
innovation- and entrepreneurship-
themed events, dedicated media
content, and awards that celebrate
Start-up
Weekends at which aspiring entre-

innovation successes.
preneurs can pitch and develop ideas
have been organized in Dubai, Abu
Dhabi, and Sharjah. Top-quality tal-
ent is visibly recognized in the UAE
through various awards such as the
Young Emirati Innovators Prize
(YEIP), the Patent Filing Award,

and the Manchester Innovation
Award. Wamda, a regional platform
for empowering entrepreneurs, has
a media site dedicated to entrepre-
neurship. Other media organiza-
tions—such as TechView.me and
TechStars, which provide seed fund-
ing, mentorship, and a network of
alumni and mentors—focus exclu-
sively on tech entrepreneurship
within the region. For instance, du
encourages its employees to innovate
and has started an ‘ideation platform’
through which employees can share
their innovative ideas.

An interesting example of inno-
vative entrepreneurship is that of
Sougha, a social enterprise initiative
launched by the Khalifa Fund that is
proving to be instrumental in reduc-
ing innovation barriers. Sougha’s
model is interesting for many
nuances, including being a reliable
platform for skilled Emirati artisans
to become entrepreneurs and pro-
viding them with essential business
know-how and consumer insights.
This allows the artisans to use their
skills to create non-traditional prod-
ucts, such as iPad cases made of tra-
ditional 