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PREFACE

Releasing the Global Innovation
Index 2016: Winning with Global
Innovation

We are pleased to present the Global Innovation
Index (GII) 2016 on the theme “Winning with Global
Innovation’.

The geography and process of innovation have
changed considerably since the first GII. Science and
research and development (R&D) are now more open,
collaborative, and geographically dispersed. R&D efforts
are simultaneously more globalized and more localized
while an increasing variety of actors in emerging coun-
tries contributes to enrich the innovation landscape.

Arguably, everyone stands to gain from global
innovation. More resources are now spent on innova-
tion and related factors globally than at any other given
point in human history. Thus far, however, innovation
has sometimes not been portrayed as a global win-win
proposition. Two factors explain this state of affairs:
First, evidence regarding the organization and outcomes
of the new global innovation model is lacking. Second,
governments and institutions need to approach global
innovation as a positive-sum proposition and tailor poli-
cies accordingly.

The 2016 edition of the GII is dedicated to this
theme. The report aims to contribute an analysis of
global innovation as a win-win proposition and so facili-
tate improved policy making.

Over the last nine years, the GII has established itself
as both a leading reference on innovation and a ‘tool
for action’ for decision makers. The launch events of
the GII rotate across capitals of the world to ensure vis-
ibility of this data-driven exercise and a high degree of
implementation on the ground. After a launch hosted
by the Australian government in 2014, in 2015 the
UK’s then Minister for Intellectual Property, Baroness
Neville-Rolfe, hosted the launch of the GII in London.
Following the 2016 global launch, regions and coun-
tries will use the GII as a tool for action as in previ-
ous years. In addition, the theme chosen for the 2016
edition of the GII and the indicators themselves can
make a contribution to the debates on the Sustainable

..........
INSEAD

©WIPQ, 2016. Photo by Emmanuel Berrod.

Development Goals (SDGs) adopted by the United
Nations in November 2015.

We thank our Knowledge Partners, the Confederation
of Indian Industry (CII), du, and A.T. Kearney and
IMP’rove — European Innovation Management Academy
for their support of this year’s report.

Likewise, we thank our prominent Advisory Board,
which has been enriched by two new members this year:
Fabiola Gianotti, Director-General of the European
Organization for Nuclear Research (CERN), and Pedro
Wongtschowski, Member of the Board of Directors
of Ultrapar Participa¢des S.A. and of Embraer S.A ;
Chairman of the Board of Directors of the Brazilian
Enterprise for Research and Innovation (EMBR APII)
and of the Brazilian Association of Innovative Companies
(ANPEI).

We hope that the collective efforts of innovation
actors using the GII will continue to pave the way for

better innovation policies around the world.
SoumiTRA DuTTA
Dean, College of Business, Cornell University

FRrANCIS GURRY
Director General, World Intellectual Property Organization

BRruNo LANVIN
Executive Director for Global Indices, INSEAD
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FOREWORD

Global Innovation, Local Innovators

For several years now, A.T. Kearney has taken a some-
what distinct stance on innovation. Innovation, in our
view, is the culmination of a strong global network that,
when combined with local expertise, forges a deeper
understanding of the needs and dynamics of markets—
ultimately triggering an unconstrained flow of ideas.

For us at A.T. Kearney, this plays out annually at
our Global Innovator Days, an innovation competition
in which colleagues from our 59 offices in 40 countries
form teams and submit their latest thinking on con-
cepts that can add value for our clients. Team mem-
bers are from a variety of practices, geographies, and
ranks; they bring their local perspectives, expertise, and
sheer enthusiasm to the table. Global Innovator Days is
well known for regularly challenging our assumptions,
frequently leveraging digital technologies, and always
opening up new opportunities.

But executing a global innovation strategy and creat-
ing lasting value is a challenging task for any corpora-
tion. Our research, conducted as part of our work for the
Global Innovation Index (GII), finds that the innovation
activities of more than 7 out of 10 companies—regardless
of their local or global footprints—are becoming more
global. Companies expect their innovation network to
grow. Within that network, the role of customer-driven
innovation, start-ups, and suppliers, as well as research
institutes and academia, is especially expected to grow.
Success is to a large extent driven by the collaboration
capabilities of all parties involved, and this trend is
expected to continue.

This is an exciting development. Collaboration
is essential for unlocking the innovation potential of
large corporations as well as small and medium-sized
innovators, who may have outstanding ideas but lack
the market access to commercialize them successfully.
Matching David and Goliath, however, is far from being
trivial. Setting up and maintaining partnerships are
processes that take skills that many organizations lack
or overlook. Differences in corporate culture, a fear of
sharing, and keeping the partnership relevant can all

become obstacles to successful innovation if these issues
are not addressed. Our recent work as a Knowledge
Partner of the World Economic Forum on collaborative
innovation has shown that innovative approaches and
a culture conducive to collaboration from all parties
involved are needed to make global innovation work.
These capabilities are the key to unlocking the leverage
inherent in complementary resources.

Who will benefit most from these developments and
how can others foster their innovation capabilities? A.T.
Kearney, in collaboration with IMP’rove - European
Innovation Management Academy (nonprofit), works
with countries, regions, industries, sectors, and com-
panies of all sizes and profiles to support innovation
and digitization management capabilities. At the core
of our approach and suite of services is a proprietary
rapidly growing database of 7,000 company-specific
innovation assessments. These allow us to support policy
makers, intermediaries, and business leaders in profiling
strengths and challenges in innovation management and
to highlight areas in which action needs to be taken to
accelerate profitable growth and wealth.

I would like to thank the GII team for their excel-
lent work on the 2016 report, and especially for their
timely and in-depth research on the theme “Winning
with Global Innovation’. We are delighted to be partners
in the effort to advance global innovation—with local
innovators—as a strategic priority.

JOHAN AURIK
Managing Partner and Chairman of the Board
A.T. Kearney
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FOREWORD

Local Problems, Global Solutions:
The Globalization of Innovation as
a Win-Win Proposition

Gone are the days when the local could not drive the
global. As nations in the developing world become
ever more globalized, innovation linkages are quickly
gaining prominence, leading to collaboration among
nations involving academia and industry as a key driver
of economic growth.

In today’s competitive world, both developed and
developing countries need to come up with joint inno-
vative solutions to counter global challenges; simul-
taneously they need to address the pressing needs of
their respective populations. These twin goals can be
achieved by empowering global citizens to think inde-
pendently and to risk transforming their ideas into value
propositions.

Innovation is now a critical factor in the growth of
dynamic clusters of nations that support policies that
empower people beyond national boundaries with the
ability to solve problems at all levels—individual, soci-
etal, regional, and global. This growing trend of increas-
ing global connectivity necessitates a standardized way
of measuring and analysing innovation data through
key indicators.

The Global Innovation Index (GII) has been rank-
ing world economies since 2007 according to their
innovation capabilities and results using approximately
80 indicators that include measures of human capital
development and research, development funding, uni-
versity performance, and international dimensions of
patent applications, among a host of other important
parameters. Over the years, the GII has demonstrated
that the innovation capacity of any nation is measured
not only by what it does locally, but also by how it
impacts the entire globe. Issues such as poverty, health,
urbanization, access to water, and climate change are of
a global nature but, at the same time, both the challenges
and their solutions have local consequences. Therefore
innovative breakthroughs that provide local solutions
in the developing world can have a global impact and
can provide an opportunity for sharing among other
emerging nations for mutual benefit.

Over the course of its nine-year journey, the GII
has become a well-known and credible reference on
innovation policy. This year the GII has attempted to
understand the globalization of innovation in its various
permutations and combinations to analyse the ways in
which this is a positive-sum game where all stakeholders
stand to gain. In addition, the present edition of the
GII seeks to present the case for an extension of policy
approaches that goes beyond national priorities towards
global innovation cooperation, especially South—South
cooperation.

The GII 2016 includes chapters containing powerful
insights from some of the most influential policy mak-
ers, academics, and industrialists in the world. These
chapters expand the knowledge base on global innova-
tion, and they demonstrate how national policies for
innovation should be aligned with tackling global needs
and geared towards solving global challenges.

I would like to congratulate the GII team for their
passionate stewardship of the promotion of global inno-
vation. We, at CII, are delighted to be a Knowledge
Partner and contributor to the current volume, which

aims to positively influence all its readers.

CHANDRAJIT BANERJEE
Director General
Confederation of Indian Industry
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FOREWORD

Global Innovation: An Accelerated
Path for Growth

In today’s economic climate, innovation—technological
innovation in particular—is considered to be a major
force for economic growth. The convergence of data
analytics, commerce, and technological progress is seen
as a key driver of innovation in the global economy.
Moreover, entrepreneurship, evolving business models,
and technological progress are at the heart of innovation.

Over the past year, we have witnessed incredible
growth in technology on a global scale. More and more
entities are working together to innovate and create an
impact, not only nationally but globally—in what is
commonly referred to as the ‘sharing economy’. What
started off with participants at an individual level is
materializing into participation at enterprise and gov-
ernment levels.

The United Arab Emirates (UAE) has always been
a keen supporter of innovation. Last year the country
took a collaborative approach to smart city transforma-
tion, acknowledging the joint efforts of the public and
private sector in accomplishing its objectives. Dubai, in
particular, is looking towards technological innovation
to meet its goal of becoming the smartest city in the
world by 2017. With happiness as the ultimate measure
of success, the city is investing in an array of smart ser-
vice initiatives—including smart parking meters, smart
energy meters, and smart waste management—all meant
to bring about a greater degree of convenience and satis-
faction, and ultimately happiness, for its residents.

To achieve its goal of making Dubai the smartest
city, the UAE government continues to encourage col-
laboration among public and private stakeholders to
drive the move towards diversification and encourage
the entrepreneurial aspirations of both individual players
and small, medium, and large businesses, which can play
an increasing role in the national and global economy.
In addition, the government has anticipated the posi-
tive impact of innovation; hence the UAE Vision 2021
national agenda takes on a global strategy to ensure that
the country becomes a major contributor to innovation

at an international level.

The theme of this year’s Global Innovation Index
(GII), “Winning with Global Innovation’, particularly
emphasizes the ways in which globalized innovation
strategy is a win-win prospect for all: it inspires greater
investment into industries previously not linked with
innovation, and allows for cross-border investments that
create benefits for the larger economy.

At du, we have long been advocates of collaboration.
Today we are proud to be the official Smart City Partner
for the UAE government. As part of our collaboration,
we have recently entered into a strategic partnership
with Smart Dubai to develop and implement the Smart
Dubai Platform, a digital backbone that will power the
city in the near future. The Smart Dubai Platform will
be the central operating system for the city, providing
access to city services and data for all individuals and
businesses in the private sector as well as public sector
entities. We have long been advocates of change, and
rethinking the way that we are communicating on a
national level meshes well with our regional strategy.

We are very proud to have been associated with the
Global Innovation Index for the past four years. The GII
report is a useful barometer on an economy’s innova-
tion performance, and it provides valuable tools that we,
and every economy wanting to enhance its innovation

capacity, can use.

OSMAN SULTAN
Chief Executive Officer
du
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Global Innovation Index 2016 rankings

Country/Economy Score (0-100) Rank Income Rank Region Rank Efficiency Ratio Rank Median: 0.65
Switzerland 66.28 1 HI 1 EUR 1 0.94 5 |
Sweden 63.57 2 HI 2 EUR 2 0.86 10 —
United Kingdom 61.93 3 HI 3 EUR 3 0.83 14 I
United States of America 61.40 4 HI 4 NAC 1 0.79 25 |
Finland 59.90 5 HI 5 EUR 4 0.75 32 |
Singapore 59.16 6 HI 6 SEAO 1 0.62 78 |
Ireland 59.03 7 HI 7 EUR 5 0.89 8 |
Denmark 58.45 8 HI 8 EUR 6 0.74 34 I
Netherlands 58.29 9 HI 9 EUR 7 0.82 20 |
Germany 57.94 10 HI 10 EUR 8 0.87 9 I
Korea, Rep. 57.15 n HI n SEAO 2 0.80 24 [ ]
Luxembourg 57.11 12 HI 12 EUR 9 1.02 1 ]
Iceland 55.99 13 HI 13 EUR 10 0.98 3 _
Hong Kong (China) 55.69 14 HI 14 SEAO 3 0.61 83 [ ____|
(anada 54.71 15 HI 15 NAC 2 0.67 57 ]
Japan 54.52 16 HI 16 SEAO 4 0.65 65 |
New Zealand 54.23 17 HI 17 SEAO 5 0.73 40 |
France 54.04 18 HI 18 EUR n 0.73 44 |
Australia 53.07 19 HI 19 SEAO 6 0.64 73 [
Austria 52.65 20 HI 20 EUR 12 0.73 43 |
Israel 52.28 21 HI 2 NAWA 1 0.81 23 |
Norway 52.01 22 HI 22 EUR 13 0.68 55 —
Belgium 51.97 23 HI 23 EUR 14 0.78 27 ]
Estonia 51.73 24 HI 24 EUR 15 0.91 6 L |
China 50.57 25 UM 1 SEAO 7 0.90 7 |
Malta 50.44 26 HI 25 EUR 16 0.98 2 I
Czech Republic 49.40 27 HI 26 EUR 17 0.82 21 |
Spain 49.19 28 HI 27 EUR 18 0.72 48 I
Italy 47.17 29 HI 28 EUR 19 0.74 33 |
Portugal 46.45 30 HI 29 EUR 20 0.75 31 |
Cyprus 46.34 31 HI 30 NAWA 2 0.79 26 I
Slovenia 45.97 32 HI 31 EUR 21 0.74 39 |
Hungary 4.7 3 HI 3 EUR b) 0.83 17 I
Latvia 4433 34 HI 33 EUR 23 0.78 28 |
Malaysia 4336 35 UM 2 SEAO 8 0.67 59 |
Lithuania 41.76 36 HI 34 EUR 24 0.63 75 L
Slovakia 4.70 37 HI 35 EUR 25 0.74 36 I
Bulgaria 41.42 38 UM 3 EUR 26 0.83 16 |
Poland 40.22 39 HI 36 EUR 27 0.65 66 [
Greece 39.75 40 HI 37 EUR 28 0.61 84 |
United Arab Emirates 39.35 M HI 38 NAWA 3 0.44 n7 N
Turkey 39.03 4 UM 4 NAWA 4 0.84 13 I
Russian Federation 38.50 3 HI 39 EUR 29 0.65 69 [
Chile 3841 44 HI 40 LCN 1 0.59 91 |
Costa Rica 38.40 45 UM 5 LCN 2 0.71 50 |
Moldova, Rep. 3839 46 LM 1 EUR 30 0.94 4 _
Croatia 38.29 47 HI / EUR 31 0.65 68 L
Romania 37.90 48 UM 6 EUR 32 0.72 46 ]
Saudi Arabia 37.75 49 HI 4 NAWA 5 0.61 85 [ _____|
Qatar 37.47 50 HI 43 NAWA 6 0.56 97 I
Montenegro 3736 51 UM 7 EUR 33 0.62 80 —
Thailand 36.51 52 UM 8 SEAO 9 0.70 53 |
Mauritius 35.86 53 UM 9 SSF 1 0.57 95 I
South Africa 35.85 54 UM 10 SSF 2 0.55 99 [ ___ B
Mongolia 35.74 55 UM n SEAO 10 0.72 47 [ ]
Ukraine 3572 56 LM 2 EUR 34 0.84 12 —
Bahrain 35.48 57 HI 4 NAWA 7 0.58 92 |

TFYR of Macedonia 35.40 58 UM 12 EUR 35 0.67 56 _
Viet Nam 3537 59 LM 3 SEAO 1l 0.84 " |
Armenia 35.14 60 LM 4 NAWA 8 0.83 15 I
Mexico 34.56 61 UM 13 LCN 3 0.63 76 .
Uruguay 3428 62 HI 45 LCN 4 0.62 81 L §
Colombia 34.16 63 UM 14 LCN 5 0.56 96 I
Georgia 33.86 64 LM 5 NAWA 9 0.65 67 I
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Country/Economy Score (0-100) Rank Income Rank Region Rank Efficiency Ratio Rank Median: 0.65
Serbia 33.75 65 UM 15 EUR 36 0.65 70 ]
India 3361 66 LM 6 CSA 1 0.66 63 |
Kuwait 33.61 67 HI 46 NAWA 10 0.73 4 _
Panama 33.49 68 UM 16 LCN 6 0.66 61 |
Brazil 33.19 69 UM 17 LCN 7 0.55 100 I
Lebanon 3270 70 UM 18 NAWA 1 0.73 M |
Peru 3251 n UM 19 LCN 8 0.51 109 ]
Morocco 3226 7 M 7 NAWA 12 0.66 64 ——
Oman 322 73 HI 47 NAWA 13 0.53 103 [ __I§
Philippines 31.83 74 LM 8 SEAO 12 0.71 49 |
Kazakhstan 3151 75 UM 20 CSA 2 0.51 108 |
Dominican Republic 30.55 76 UM 21 LCN 9 0.62 82  _____§
Tunisia 30.55 77 UM 22 NAWA 14 0.60 86 ]
Iran, Islamic Rep. 30.52 78 UM 23 CSA 3 0.71 51 |
Belarus 3039 79 UM 24 EUR 37 0.45 116 |
Kenya 3036 80 LM 9 SSF 3 0.76 30 |
Argentina 30.24 81 HI 48 LCN 10 0.56 9 ____
Jordan 30.04 82 UM 25 NAWA 15 0.67 58 |
Rwanda 29.96 83 Ll 1 SSF 4 0.38 123 |
Mozambique 29.84 84 Ll 2 SSF 5 0.73 45 |
Azerbaijan 29.64 85 UM 26 NAWA 16 0.54 101 [ __ B
Tajikistan 29.62 86 LM 10 CSA 4 0.77 29 —
Bosnia and Herzegovina 29.62 87 UM 27 EUR 38 0.46 15 |
Indonesia 29.07 88 LM " SEAO 13 0.71 52 |
Jamaica 28.97 89 UM 28 LCN 1 0.53 104 |
Botswana 28.96 90 UM 29 SSF 6 0.42 19 |
SriLanka 2892 91 LM 12 CSA 5 0.70 54 ]
Albania 2838 92 UM 30 EUR 39 0.40 ini |
Namibia 28.24 93 UM 31 SSF 7 0.54 102 |
Paraguay 28.20 94 UM 32 LCN 12 0.62 77 |
Cambodia 27.94 95 Ll 3 SEAO 14 0.59 90 |
Bhutan 27.88 9% LM 13 CSA 6 0.28 128 |
Guatemala 27.30 97 LM 14 LCN 13 0.62 79 |
Malawi 27.26 9 Ll 4 SSF 8 0.74 38 ]
Uganda 27.14 9 Ll 5 SSF 9 0.52 106 |
Ecuador 27.11 100 UM 33 LCN 14 0.60 87 |
Honduras 26.94 101 LM 15 LCN 15 0.53 105 |
Ghana 26.66 102 LM 16 SSF 10 0.60 88 |
Kyrgyzstan 26.62 103 LM 17 CSA 7 0.50 110 |

El Salvador 26.56 104 LM 18 LCN 16 0.48 13 ||
Tanzania, United Rep. 26.35 105 Ll 6 SSF 1 0.81 22 |
Senegal 26.14 106 LM 19 SSF 12 0.66 62 ——
Egypt 25.96 107 M 20 NAWA 7 0.63 74 I
Cote d'lvoire 25.80 108 LM N SSF 13 0.82 19 |
Bolivia, Plurinational St. 25.24 109 LM 2 LCN 17 0.59 89 | H
Ethiopia 24.83 110 Ll 7 SSF 14 0.83 18 I
Madagascar 2479 m Ll 8 SSF 15 0.74 35 |
Mali 2477 12 Ll 9 SSF 16 0.74 37 ]
Algeria 24.46 113 UM 34 NAWA 18 0.49 m [ __I
Nigeria 23.15 114 LM 23 SSF 17 0.67 60 ]
Nepal 23.13 115 Ll 10 CSA 8 0.58 9% ]
Nicaragua 23.06 116 LM 24 LCN 18 0.41 120 |
Bangladesh 22.86 n7 LM 25 CSA 9 0.52 107 ]
Cameroon 2.8 118 LM 26 SSF 18 0.58 93 ]
Pakistan 2263 19 LM 27 CSA 10 0.64 n I
Venezuela, Bolivarian Rep. 2232 120 HI 49 LCN 19 0.46 14 |
Benin 225 i Ll n SSF 19 0.43 118 |
Burkina Faso 21.05 122 Ll 12 SSF 20 0.28 127 [ |

Burundi 2093 123 Ll 13 SSF 21 0.39 122 ]

Niger 20.44 124 Ll 14 SSF 22 0.36 125 |
Zambia 19.92 125 LM 28 SSF 23 0.64 72 |
Togo 18.42 126 Ll 15 SSF 24 0.36 124 -
Guinea 17.24 127 LI 16 SSF 25 0.49 112 I
Yemen 14.55 128 LM 29 NAWA 19 0.34 126 .

Note: World Bank Income Group Classification (July 2015): 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; SEAQ = South East Asia, East Asia, and Oceania; NAWA = Northern Africa and Western Asia; SSF = Sub-Saharan Africa.
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Key Findings of Chapter 1

The six key findings of Chapter 1
of the GII 2016 are pertinent to
this year’s theme of “Winning with
Global Innovation’. They fall into
two general categories: strategies for
innovation that can support global
goals and observations about geo-
graphic regions.

Finding 1: Leveraging global innovation
to avoid a continued low-growth scenario
Investments in research and devel-
opment (R&D) and innovation
are central for economic growth.
Whether we consider the longstand-
ing champions of innovation—typ-
ically the countries that have been
repeatedly part of the top 25 of the
GII—or those, such as China, the
Republic of Korea, and Singapore,
that have made continuous and rapid
progress, we see a common pattern
by which innovation has remained
a key priority, supported by a steady
flow of R&D spending.

The global economy is not back
ontrack. Concernsaboutweak future
output growth and low productivity
are now serious. In this light, uncov-
ering new sources of productivity
and future growth are the priority.
More efforts are needed to return to
pre-crisis R&D growth levels and to
counteract an apparent R&D expen-
diture slowdown in 2014, which
was caused by both slower growth
in China and other emerging econ-
omies and tighter R&D budgets in
high-income economies.

The question faced by the inno-
vation community is how to more
systematically spread R&D to low-
and middle-income economies,
thus avoiding an overreliance on a
handful of countries to drive global
R&D growth. Even leading emerg-
ing countries, including China, still
spend only a small share of their
research budget on basic R&D;
instead they focus on applied R&D
and development.

Policy makers are urged to step
up public investments in innovation
to boost short-term demand and to
raise long-term growth potential.
Successful innovation strategies can-
not afford ‘stop-and-go’ approaches:
if R&D expenses or incentives to
innovators are not sustained, the
progress accumulated in previous
years can vanish quickly.

Finding 2: Need for a global innovation
mindset and fresh governance
frameworks

It is now common wisdom that sci-
ence and innovation are more inter-
nationalized and collaborative than
ever before. All stand to gain from
global innovation. First, more inno-
vation investments are conducted
today than atany other time. Second,
through international openness, the
potential for global knowledge spill-
overs are on the rise. Finally, inno-
vation actors in emerging countries
now make meaningful contributions

to local and global innovation.

Still, innovation is sometimes not
portrayed as a global win-win propo-
sition. On the contrary, most metrics
and innovation policies are designed
for the national level. Countries are
regularly perceived as ‘contenders
rather than collaborators’. In some
cases, ‘techno-nationalist policies’
erecting barriers to different knowl-
edge flows have become a popular
endeavour.

What is needed to better com-
municate and amplify the benefits of
global innovation and related coop-
eration? First, measurable evidence
regarding the organization and out-
comes of the current global inno-
vation model is missing. Although
empirical economic work has gone
a long way towards supporting inter-
national trade as a win-win strategy
and in constructing appropriate indi-
cators, the same is not true for global
innovation.

Second, although difficult to
measure, there seems to be ample
scope to expand global corpo-
rate and public R&D cooperation.
Business strategies and public poli-
cies need to better approach inno-
vation as a global positive—rather
than as a zero-sum—proposition
and better complement the realm of
national innovation systems.

For firms, global innovation has
been a long time in the making. Yet,
despite this positive trend, untapped
potential exists according to the anal-
ysis presented in this report. Most
companies in high-income countries

Key Findings of Chapter 1
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and nearly all firms in emerging
economies still run all of their inno-
vation activities at their corporate
centres. A new corporate innovation
culture is required to benefit from
global innovation. This entails flat-
ter hierarchies and increased cross-
functional collaboration across R&D,
supply chain management, and mar-
keting; a diversified talent pool that
brings in fresh perspectives and skills;
an environment that encourages
risk-taking; and experimenting with
novel partnership models and inno-
vation platforms.

For national policy making,
facilitating increased international
collaboration and complementing
inward with more outward-looking
approaches is key to sustained success
in innovation. New ideas are emerg-
ing in different parts of the globe
and successful innovation strategies
have to leverage them effectively.
Identifying barriers to global coop-
eration and the flow of ideas should
be a new innovation policy priority.
Fiscal incentives, grants, and other
national innovation policies could
more explicitly favour international
collaboration and the diffusion of
knowledge across borders. Calls
for proposals could, more often,
be jointly issued by multiple coun-
tries, particularly when convening
large-scale, multi-disciplinary pro-
grammes or when planning large
critical research infrastructure.

Science and innovation policies
should also become more inclusive
of developing countries. Revamping
official development assistance with
the inclusion of R&D and innova-
tion components is a welcome devel-
opment. The crafting of globally
focused demand-side innovation
policies to support the generation
and diffusion of innovation address-
ing local needs must also be a pri-
ority of policy makers. Appropriate

innovation for and from low- and
lower-middle-income economies is
desperately needed.

Are new governance systems
needed to improve global innovation
cooperation? This question should be
at the centre of future innovation pol-
icy debates. The challenge is to move
towards increased global innovation
cooperation via more inclusive gov-
ernance mechanisms. The latter need
to produce more measurable out-
comes that are evaluated over time
and more clearly communicated.

In addition to helping with
growth, ultimately smart, globally
orientated innovation policies and
a new global innovation mindset
can provide a timely counter to ris-
ing sentiments of nationalism and

fragmentation.

Finding 3: Innovation is becoming more
global but divides remain
The GII rankings have shown a
remarkable level of global diversity
among innovation leaders over the
years. In 2016, the GII remains rel-
atively stable at the top. Switzerland
leads the rankings for the sixth con-
secutive year. Yet among the top-
ranked 25 innovation nations this
year are not only economies from
Northern America (such as Canada
and the USA) and Europe (such as
Germany, Switzerland, and the UK)
but also from South East Asia, East
Asia, and Oceania (such as Australia,
Japan, Korea, and Singapore) and
Western Asia (Israel).

Economies that perform at least
10 percent higher than their peers
for their level of GDP are labelled
‘innovation achievers’; they include
many economies from Africa, such
as Kenya, Madagascar, Malawi,
Rwanda, and Uganda; one from
Northern Africa and Western Asia
(Armenia); one from South East

Asia, East Asia, and Oceania (Viet
Nam); and several from Central and
Southern Asia (such as India and
Tajikistan). A wide variety of coun-
tries outperform their income group
on at least four of the seven GII pil-
lars; these include countries such as
Bhutan, Brazil, Cambodia, Costa
Rica, Georgia, Indonesia, Mexico,
Morocco, the Philippines, South
Africa, and others.

A symbolic first step in closing
the divide between developed and
developing countries has also been
made: China is the first middle-
income economy to join the top 25
of the GII, a group typically com-
posed of high-income countries.
China also moves to 17th place in
innovation quality this year, nar-
rowing the distance with the high-
income economies.

Yet, rather than levelling the
playing field, a multipolar world of
researchandinnovation hasemerged.
The majority of activities are still
concentrated in high-income econ-
omies and select middle-income
economies such as Brazil, China,
India, and South Africa. Only China
has seen its R&D expenditures or
other innovation input and output
metrics move closer to rich coun-
tries such as the USA. Other mid-
dle-income economies remain dis-
tant; Malaysia slipped further away
this year. The divide between the
group of upper-middle-income
economies and the group of high-
income economies is large, espe-
cially in the Institutions, Human
capital and research, Infrastructure,
and Creative outputs pillars.

Some progress can be detected
among lower-middle-income econo-
mies. India is a good example of how
policy is improving the innovation
environment. In some dimensions—
such as ICT services exports and cre-
ative goods exports—India is starting




to excel. Similar peaks of excellence
exist among other middle-income
economies.

On another positive note, low-
income economies successfully con-
tinue to close the innovation divide
that separates them from middle-
income economies—in particu-
lar in the pillars on Institutions and
Business sophistication.

Finding 4: There is no mechanical recipe
to create sound innovation systems;
entrepreneurial incentives and ‘space for
innovation’ matter

There is no automatism or mechan-
ical recipe for creating sound inno-
vation systems. Absolute spending
on R&D or absolute figures on the
number of domestic researchers, on
the number of science and engi-
neering graduates, or on scientific
publications do not guarantee a suc-
cessful innovation system. In fact,
all too often a higher share of sci-
ence and engineering graduates, for
example, is pursued as a panacea
for creating sound innovation sys-
tems. Clearly policy makers have to
start somewhere, and this factor is
easily measurable. Yet the creation
of sound innovation systems—with
solid innovation inputs, sophisti-
cated markets, a thriving business
sector, and sturdy linkages among
innovation actors—and assessing
their performance is more complex
than aiming at increasing one inno-
vation input variable, as evidenced
in the GII model.

One approach to overcom-
ing a purely quantitative approach
is to look at the quality of inno-
vation, as the GII does, assessing
the worth of universities, scientific
output, and patents. Good qual-
ity remains a distinct characteristic
of leaders such as Germany, Japan,
the UK, and the USA. China is the

only middle-income country show-
ing a comparable innovation quality.
India comes in second among mid-
dle-income economies.

Yet there is more to the story.
High-quality innovation inputs and
outputs are often the reflection of
other factors that make an innova-
tion ecosystem healthy, vibrant, and
productive. Ideally, these systems
become self-perpetuating, bottom-
up, and without a recurrent need
for policy or government to drive
innovation. How best to create such
an organic innovation system poses
an interesting dilemma for govern-
ments and their role in future inno-
vation policy models. On the one
hand, it is now accepted that gov-
ernments continue to play an impor-
tant role in generating innovation.
The boundaries between industrial
and innovation policy are slim or
non-existent; both play an impor-
tant role. In particular, in the last
few decades, Asian economies have
benefited from a strong and strategic
coordination role of governments
in innovation. The role of govern-
ments in spurring innovation in
high-income countries in Northern
America and Europe has also been
strong throughout history.

It can be argued that the role
of governments, and also of pub-
lic and coordinated private invest-
ments, might be even more signifi-
cant today than it has been in the
past. Driving future innovation in
the fields such as travel, health, and
communications is becoming more
complex and costly.

On the other hand, if govern-
ments overreach, if they select tech-
nologies, they might quickly end
up diluting the possibility of self-
sustaining organic innovation eco-
systems. Providing enough space
for entrepreneurship and inno-

vation; the right incentives and

encouragement to bottom-up forces
such as individuals, students, small
firms, and others; and a certain
‘freedom to operate’ that often chal-
lenges the status quo is part of the
equation. Surely developing coun-
tries are well advised to avoid over
relying on government forces as the
sole driver to orchestrating a sound
innovation system.

For governments, finding the
right balance between intervention
and laissez-faire has never been as
challenging.

Finding 5: Sub-Saharan Africa: Preserving
the innovation momentum in one of the
most promising regions

For several editions, the GII has
noted that the Sub-Saharan Africa
region performs well on the innova-
tion front. Since 2012, Sub-Saharan
Africa hashad more countries among
the group of innovation achiev-
ers than any other region. Kenya,
Madagascar, Malawi, Mozambique,
Rwanda, and Uganda—often oil-
importing countries—perform bet-
ter than their level of development
would predict. Importantly, Kenya,
Malawi, Mozambique, Rwanda, and
Uganda stand out for being innova-
tion achievers at least four times in
the past five years.

Noted improvements in the
Institutions, Business sophistication,
and Knowledge and technology out-
put pillars have allowed the region as
a whole to catch up to Central and
Southern Asia in these factors, and
even to overtake Northern Africa
and Western Asia. Led by econo-
mies such as Botswana, Mauritius,
Rwanda, and South Africa, Sub-
Saharan Africa

year show their highest scores in

countries this

Institutions and in Market sophis-
tication. Larger economies, such

as Botswana and Namibia, show
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stronger performancesin the General
infrastructure and Ecological sus-
tainability sub-pillars.

Yet the relatively strong perfor-
mance in innovation in the region is
neither uniform across all economies
nor is future success guaranteed.
Indeed, economic forecasts predict
that Sub-Saharan Africa will face an
economic slowdown. As economic
slowdown occurs, it will be impor-
tant for Africa to preserve its current
innovation momentum and to con-
tinue moving away from relying on

oil and commodity revenues.

Finding 6: Latin America and the
Caribbean: A region with untapped
innovation potential but important risks
in the near-term

In the last few GII editions, Latin
America was labelled as a region
with important untapped innova-
tion potential. Although significant
potential exists, the GII rankings
of local countries, relative to other
regions, have not steadily improved.
Furthermore, none of the economies
in the region has recently been an
innovation achiever, with perfor-
mance higher than expected by its
GDP. Still, a few economies—such
as Chile, Colombia, and Mexico—
stood out among their peers; the
important role of Brazil and the
emergent role of Peru and Uruguay
were noted in past GII editions.
And, this year, Chile, Colombia,
Costa Rica, Mexico, and Uruguay
achieve the best regional GII ranks
again.

Clearly, most if not all coun-
tries in Latin America, particularly
their local governments, firms, and
other actors, continue to have the
innovation agenda firmly on their
radar. This is unlikely to come to
a sudden halt anytime soon. Yet,
as Latin America, especially Brazil,

has entered into a zone of consider-
able economic turbulence, it will be
important to overcome short-term
political and economic constraints
and to cling to longer-term inno-
vation commitments and results.
Greater regional R&D and innova-
tion cooperation in Latin America
might indeed help in this process, as
underlined in this year’s GII theme.
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CHAPTER 1

The Global Innovation Index 2016: Winning with Global Innovation

SoumiTRA DutTA, RAFAEL EScALONA REYNOSO, and JORDAN LITNER, Cornell University

BRuNo LANVIN, INSEAD

SACHA WunscH-VINCENT and KRITIKA SAXENA, WIPO

Since the release of the Global
Innovation Index (GII) last year, the
world economy has encountered a
number of challenges that have led
to further downgrades of global
economic growth projections. In
the context of such uncertainty,
countries will seek ways to move
the global economy out of its cur-
rent holding pattern, thus avoiding
a prolonged low-growth scenario.
Innovation will be a critical ingredi-

ent to achieving this objective.

Overcoming the holding pattern and
restoring the foundations for future
growth
The global economy is not yet back
on track towards a broadly shared and
vigorous growth momentum. The
world’s leading economic institutions
predict modest growth for 2016, no
significant improvement from 2015,
and a slight pick-up of growth in
2017." Growth forecasts for 2015 and
2016 have been revised downwards
for all world regions in recent months.
Economic recovery has indeed
slowed in most high-income coun-
tries, including in the United States
of America (USA), Japan, and some
European countries. Atthe same time,
low- and middle-income countries
now face significantly lower growth
perspectives than they did a few years
ago.” Although economic activity is
weakening, Asia as a whole continues
to show robust growth despite the
slowdown in China. In turn, growth

in Africa, Latin America and the
Caribbean, and other world regions
has decreased considerably to modest
levels. The fall in commodity prices
has seriously weakened commodity-
dependent economies such as Brazil,
the Russian Federation (Russia),
Nigeria, South Africa, and countries
in the Middle East.

In parallel with the slowed recov-
ery, concerns about disappointing
future output growth are increasingly
widespread. Today, lower capital and
slower productivity growth—par-
ticularly as compared with the pro-
ductivity boom of the late 1990s and
early 2000s in high-income econo-
mies—are a global phenomenon,
throwing into question future growth
and improvements in living standards
globally.’ The term ‘productivity cri-
sis’, used to characterize this situation,
is now in wide circulation.

As a result, policy makers are
urged to move beyond austerity
policies, which shrink rather than
expand longer-term investments.
Stepped-up public investments in
innovation would be good for short-
term demand stimulus, and also
good for raising long-term growth
potential. Uncovering new sources
of productivity and future growth
are now the priority.* Fostering
innovation-conducive  business
environments, investing in human
capital, and taking advantage of the
opportunities that global innovation
and cooperation offer are critical in
this regard.

Key findings in brief

The six key findings of GIl Chapter 1 are:

1. Leveraging global innovation can
help avoid a continued low-growth
scenario

2. There is a need for a global
innovation mindset and
discussions on fresh governance
frameworks

3. Innovation is becoming more
global but divides remain

4. There is no mechanical recipe to
create sound innovation systems;
entrepreneurial incentives and
“space for innovation” matter

5. Sub-Saharan Africa needs
to preserve the innovation
momentum in one of the most
promising regions

6. Latin America is a region with
untapped innovation potential
with important risks to innovation
efforts in the near-term

Leveraging global innovation to avoid a
continued low-growth scenario

In the aftermath of the global finan-
cial crisis of 2009, this report and
others have urged decision makers

from the private and the public

!
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Box 1: Moderate post-crisis R&D expenditure growth largely driven by the private sector

After the 2009 financial crisis, global R&D
grew by 3.7% in 2010 and 5.3% in 2011
(see Figure 1). R&D expenditures slowed
somewhat in 2012 to achieve 4.3% growth
but, with a gain in confidence, rose to 5.2%
in 2013. In high-income economies, R&D
growth was mainly the result of increas-
ingly confident business R&D. However,
our estimates show a subdued scenario for
2014, with global R&D growing at 4.1% and
business R&D a bit stronger, at 4.5%.'

This drop in momentum is driven in part
by reduced R&D spending in China, which
is experiencing its lowest total R&D growth
rate since 1998, and an R&D slowdown in
other emerging economies such as Brazil,
Colombia, Mexico, and South Africa. In addi-
tion, the slowdown is a consequence of

tighter government R&D budgets in high-
income economies. Only few countries—
such as Poland, New Zealand, Belgium,
Israel, the Republic of Korea (Korea), and
Spain (in order of the magnitude) were
able to increase their government commit-
ment to R&D in 2014 This trend will likely
continue in 2015, putting further downward
pressure on global R&D.?

As illustrated in Tables 1.1 and 1.2, the
relative growth of R&D spending after the
crisis has varied across economies. Countries
such as Egypt, China, Argentina, Poland,
Turkey, Korea, and India, for example (in
order of actual total R&D growth since
2008) have maintained robust spending in
R&D. European countries such as the Czech
Republic, the Netherlands, and others have

seen a fall in R&D but a subsequent strong
recovery. However, countries such as the
United Kingdom (UK), Japan, the United
States of America (USA), and also Singapore
have seen a more challenging road to R&D
recovery. Finally, some countries in Europe,
such as Sweden, Greece, Spain, and others,
as well as Canada and South Africa, are
lagging.

Note

Thanks to Antanina Garanasvili, PhD Candidate in
Economics, University of Padova and Queen Mary,
University of London, and our colleagues from the
UNESCO Institute for Statistics (UIS) Martin Schaaper
and Rohan Pathirage for help in producing Box 1.

Notes for this box appear at the end of the chapter.
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Figure 1: Global R&D expenditures: Losing momentum? sectors to avoid a cyclical reduc-
tion of innovation expenditures.’

Now, about seven years after the

crisis, the worst-case scenario of

=@- Global GERD growth
=@~ Global BERD growth
=@~ Global GDP growth

permanently reduced R&D growth

seems to have been avoided, thanks

largely to good government policies
and the strong contribution of coun-
tries such as China, the Republic of
Korea (Korea), and other emerging

countries (see Box 1).°

Percent

This situation, however, is far
from irreversible; more efforts are
needed to return to pre-crisis R&D
growth levels and to counteract

0 —1 ! ! 1 ! ! ! | | the observed innovation expendi-
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ture slowdown. On par with the
sluggish development of the world
economy, our preliminary estimates
show subdued global R&D growth
for 2014 (see Figure 1). Slower R&D
spending—particularly tighter gov-

Source: Authors’ estimate based on the UNESCO Institute for Statistics (UIS) database and the IMF World Economic Outlook database, April 2016.
Note: GERD = gross domestic expenditure on R&D; BERD = business enterprise expenditure on R&D.

ernment R&D budgets—in specific
high-income economies such as the
USA, Japan, and some European
countries and slower R&D spending




Box 1: Moderate post-crisis R&D expenditure growth largely driven by the private sector (contd.,)

Table 1.1: Gross domestic expenditure on R&D (GERD):
Crisis and recovery compared

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

CRISIS RECOVERY

2008 2009 2010 201 2012 2013 2014

Eqypt* 100 168 177 220 229 293 300
China 100 126 143 163 189 212 21
Argentina 100 15 128 145 165 7 n/a
Poland 100 113 127 138 166 166 185
Turkey 100 m 121 134 147 157 172
Korea, Rep. 100 106 119 133 147 155 166
India* 100 106 13 125 n/a n/a n/a
Mexico 100 102 113 110 116 136° 150°
Hungary 100 108 110 116 121 136 138
Belgium 100 101 107 114 126 129 133
Colombia* 100 101 106 120 125 161 129
Russian Fed. 100 m 104 105 12 14 120
Ireland 100 110 110 107 110 109 14
France 100 104 105 108 110 m 12°
New ZealandT 100 107 n/a 109 n/a 108 n/a
Denmark 100 105 102 104 105 107 108°
Australia 100 n/a 102 102 n/a 107 n/a

Countries with fall in GERD during the crisis but above pre-crisis levels in 2014

CRISIS RECOVERY

2008 2009 2010 2011 2012 2013 2014

Table 1.2: Business enterprise expenditure on R&D (BERD):
Crisis and recovery compared

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

CRISIS RECOVERY

2008 2009 2010 2011 2012 2013 2014

Poland 100 104 109 135 199 234 279
China 100 126 144 168 196 222 244
Turkey 100 101 116 131 150 168 193
Hungary 100 118 125 138 152 180 188
Korea, Rep. 100 105 118 135 152 162 172
India* 100 102 m 124 n/a n/a n/a
Ireland 100 116 116 116 121 124 129
Greecel 100 n/a n/a n7 m 1 128°
Egypt* 100 105 110 112 115 17 120
New Zealand 100 104 n/a 116 n/a n7 n/a
France 100 102 105 110 113 115 116°
Russian Fed. 100 110 100 102 104 110 14
Mexico 100 109 113 111 n/a n/a n/a

Countries with fall in BERD during the crisis but above pre-crisis levels in 2014

CRISIS RECOVERY

2008 2009 2010 2011 2012 2013 2014

Slovakia 100 97 132 147 181 188 206
Czech Rep. 100 99 105 125 142 150 160°
Chile 100 93 2 104 114 127 125
Netherlands 100 99 102 15 116 116 118°
Austria 100 97 104 105 113 17 118
Estonia 100 9% 110 17 166 137 118
Israel 100 9% 97 104 110 113 116
Germany 100 99 103 110 113 12 114°
Norway 100 100 99 102 105 108 12°
United Kingdom 100 99 98 99 96 101 106
Japan 100 91 93 9% 97 102 105
Italy 100 99 101 100 103 104 102°
United States 100 99 99 101 101 104 n/a
Singapore 100 82 88 100 96 100 n/a

GERD below crisis levels in 2014

CRISIS RECOVERY

2008 2009 2010 2011 2012 2013 2014

Sweden 100 94 92 96 97 99 96°
(anada 100 100 99 100 101 97 95P
Greece 100 90 82 83 81 91 94
Spain 100 99 99 96 91 88 86"
Luxembourg 100 98 93 93 80 84 84P
Finland 100 97 99 99 92 88 84

Portugal 100 106 105 98 89 85 83°
Iceland 100 100 n/a 92 n/a VE} 75

Romania 100 77 74 82 82 68 69

South Africa 100 93 84 87 88 n/a n/a

Source: OECD MSTI, February 2016; data used: Gross domestic expenditure on R&D (GERD) at constant 2010
PPPS, base year = 2008 (index 100).

* Country data source is the UNESCO UIS database; p = provisional data.

1 Index year 2007; 2008 is missing.

Slovakia 100 923 130 127 174 203 177
Czech Rep. 100 % 103 118 130 139 153°
Belgium 100 9 105 115 131 134 139
Netherland. 100 923 9% 130 131 129 133°
Argentina 100 93 108 130 129 129 n/a
Austria 100 % 103 104 115 119 121
Israel 100 97 97 105 112 114 118
Estonia 100 9% 127 25 m 151 18
Norway 100 97 95 100 104 107 13
Colombia* 100 3 82 % 116 113 112
Germany 100 97 9 107 M 108 12
United Kingdom 100 % % 102 9 104 1"
Italy 100 9 102 103 104 106 106°
Japan 100 88 90 9% 9% 99 104
Chile 100 68 68 88 97 110 1047
United States 100 96 94 97 98 103 n/a

BERD below crisis levels in 2014
CRISIS RECOVERY

2008 2009 2010 2011 2012 2013 2014

Denmark 100 105 98 99 99 98 99°
Australia 100 9 97 97 n/a 99 n/a
Singapore 100 70 75 86 81 83 n/a
Romania 100 103 95 9 107 69 95
(anada 100 98 95 98 95 90 88
Sweden 100 20 86 89 88 92 87’
Spain 100 93 93 91 87 85 82°
Iceland 100 92 87 90 n/a 76 8
Finland 100 93 93 94 85 81 77
Portugal 100 100 % 923 88 80 76
South Africa 100 84 Al 70 67 n/a n/a
Luxembourg 100 96 79 79 57 57 57°

Source: OECD MSTI, February 2016; data used: Business enterprise expenditure on R&D (BERD) at constant
2010 PPPS, base year = 2008 (index 100).

* Country data source is the UNESCO UIS database; p = provisional data.

1 Index year 2007; 2008 is missing.
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growth in emerging countries, in
particular China, partly explain this
slowdown.

In terms of the global use of
intellectual property (IP), the latest
figures point to a 4.5% patent filing
growth in 2014.* Although positive,
this growth is lower than it has been
in the previous four years.

Uncovering new sources of
growth has shifted to become a prior-
ity for all stakeholders. Greater pub-
lic investment in infrastructure and
innovation would boost aggregate
demand in the short term—which is
needed in a world of chronic demand
shortages—and it would raise long-
term potential growth.

Our analysis of global R&D
trends calls for a stronger role by the
governments—one that goes beyond
the stimulus packages concluded
after the financial crisis—to support
continued innovation expenditures
and research. Historically, and still
today, governments and public
research actors have been central
to driving critical innovations with
important growth potential.” Even
in high-income countries, the vast
majority of basic R&D—which is
critical to the progress of science,
and hence to long-term growth—is
financed and conducted by public
actors.

Moreover, the growth of inno-
vation expenditures in the develop-
ing world has largely been driven by
only a few countries, most notably
China. The question faced by the
innovation community is how to
more systematically spread R&D
to other low- and middle-income
economies, avoiding an overreliance
on a handful of countries to drive
global R&D growth. Also, even
leading emerging countries, includ-
ing China, still spend only a frac-
tion of their research budget on basic
R&D; instead they focus on applied
R&D and development.'’

Furthermore, as underlined
in previous editions of the GII
report, the focus cannot be on
R&D expenditures alone. Rather,
innovations—whether they are
technological or non-technological,
first-rate and new to the world or
more incremental and new to the
local market only—need to be effi-
ciently deployed in the market place
to have a true impact. The journey
from a scientific invention or a cre-
ative business idea to a commercial,
widely deployed successful product
is as risky and challenging now as
it has ever been."" A focus on large
innovation inputs such as large R&D
expenditures or a high number of
scientific papers alone is not a recipe
for sure success; promoting entre-
preneurship and an innovation-
conducive environment are vital.

One of the central views dis-
cussed in this year’s GII is that a more
globalized and diversified innova-
tion system offers more promise
today than ever before, both on the
innovation supply side and, impor-
tantly, also the diffusion side. The
potential gains of these promises
remain under-assessed and probably
underexploited.

Winning with global innovation

It is now common wisdom that
science and innovation are more
internationalized and collaborative
than ever before. Moreover, thanks
to facilitated cross-border flows of
knowledge, a rising share of inno-
vation is carried out through global
innovation networks, leveraging tal-

ent worldwide."”

Understanding global innovation as a global
win-win proposition

Arguably, all stand to gain from
global innovation. There are reasons

for significant optimism.

First, in terms of overall effort,
more innovation investments are
conducted today than ever before,
including in sectors or industries
that were previously considered
medium- or low-technology. At the
same time, information and com-
munication technologies (ICTs) and
the resulting data capabilities have
driven down the costs of innovation
(see also Lyons in Chapter 7).

Second, through increased
international openness, the poten-
tial for global knowledge spillovers
and technology transfer are on the
rise by historical standards, via, for
example, cross-border trade, foreign
direct investment (FDI), the mobil-
ity of highly skilled people, and
the international licensing of IP as
measured by the GII framework."”
Clearly, the importance of inter-
national R&D spillovers has long
been recognized.'* Inbound and
outbound flows in innovation inputs
and outputs drive productivity and
economic growth. These interna-
tionalization efforts are no longer
the affair only of large firms from
rich countries. Building on research
capacities at home, firms and entre-
preneurs from developing countries
are venturing abroad as they develop
new products and services for global
markets (see, for example, Kim et al.
in Chapter 6).

Finally, diverse innovation actors
in emerging countries now make
meaningful contributions to the
local and global innovation land-
scape. After significant catch-up in
human capital and research capaci-
ties, a number of middle-income
economies now play a prominent
role in science and innovation, as
documented extensively in a num-
ber of chapters of this year’s GII (see
Athreye and Cantwell in Chapter 2
and von Zedtwitz and Gassman in
Chapter 9)."” Indeed, the share of
high-income countries in global




R&D expenditures and the produc-
tion of global scientific publica-
tions and IP filings worldwide have
decreased, though often as a result of
the rise of China alone."

As a consequence, the quest for
innovative solutions becomes more
wide-ranging and intense; afford-
able innovations—in areas as varied
as health and the environment—are
being sought more than ever. As
original solutions are developed to
suit local markets, innovative prod-
ucts and services are also becoming
more useful for developing countries.
With the right support, a South—
South market in affordable technolo-
gies for lower-income consumers will
develop (see last year’s GII Chapter 1
and Chaminade and Goémez in
Chapter 3 of the GII 2016)."”

Yet, despite these promising
prospects, innovation is sometimes
not portrayed as a global win-win
proposition. On the contrary, most
metrics and innovation policies
are designed for the national level.
When actors of one country produce
more science or engineering gradu-
ates or more patents, their abun-
dance is perceived by other countries
as a competitive threat rather than
as a chance. When countries import
technology or technology-intensive
services from abroad this is regularly
considered to be more a cost than a
gain. Countries are rather perceived
as ‘contenders rather than collabora-
tors’ (see Chapter 2).

On balance, policy makers every
so often worry that global innova-
tion contributes to a ‘hollowing
out’ of domestic national innova-
tion systems. Their priority is to
keep talent and investment at home.
Worse, ‘techno-nationalist policies’,
as noted in Chapter 2—the spur-
ring of national technologies at the
expense of others and the erection
of barriers to different knowledge

and technology flows—is a popular
endeavour in many countries."

What is needed to better com-
municate and amplify the benefits
of global innovation and related
cooperation?

First, measurable evidence
regarding the organization and out-
comes of the current global inno-
vation model is missing. Although
empirical economic work has gone
along way towards supporting inter-
national trade as a win-win strategy
and in constructing appropriate
indicators, the same is not true for
global innovation. Additional analy-
sis 1s required to understand the
circumstances under which the glo-
balization of innovation is positive
and what obstacles need addressing.

Second, and building on the
above, business strategies and public
policiesneedtobetterapproachinno-
vation as a global positive—rather
than as zero-sum proposition—and
better complement the realm of

national innovation systems.

Providing reliable evidence of the extent
and impact of global innovation
Although the process of ever-more
globalized innovation is not new,
metrics and studies needed to study
its extent, characteristics, and main
impacts are missing.

Over the last few decades, sig-
nificant progress has taken place to
document the rising extent of the
scientific and innovation capacity
of particular nations; this is now
measured in terms of R&D levels,
researchers or graduates, publica-
tions or patents worldwide. A major-
ity of countries now collect R&D,
innovation, or IP data thanks both
to the work of a number of interna-
tional organizations devising survey
manuals and questionnaires and to
national statistical offices collect-
ing data.'"” In contrast, measuring

within-country innovation flows as

well as measuring global innovation
flows between countries—the topic
of this GII—remains notoriously
difficult.

It is still a challenge to capture
cross-border knowledge flows
and technology transfer, and to
assess their impact and effective-
ness. Clearly the levels of the main
market-based channels of interna-
tional technology transfer—clas-
sically trade, FDI, and technology
payments for IP—are now better
captured by official international
data sources than they used to be.
In the case of trade, disentangling
high-tech from low-tech exports
and establishing the knowledge-
intensity of domestic value-added
have become easier.®® In the case of
FDI, the overall volume of inbound
and outbound investments is also

*! Yet determin-

available today.
ing the exact industrial sector into
which FDI flows, and how rich in
R&D and technology these invest-
ments are, remains mostly infeasible
on the basis of available data.

In the case of international
licensing of IP and technologies,
important data progress has been
made to reflect cross-border pay-
ments for proprietary rights, such as
patents or trade secrets.”” Even so,
these metrics are hardly available
at the sectoral level, and for various
methodological reasons these data
are fraught with problems and hard
to use as a comprehensive and reli-
able indicator of IP-based technol-
ogy transfer.”

Worse, more directly innova-
tion-related data—on indicators
such as international R&D joint
ventures and foreign R&D invest-
ments, including the setting up of
R&D centres abroad—are available
only in a patchy manner and often
from non-official sources only.
Indeed, firms are not asked to report
on these critical activities when they

H
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Box 2: Global Innovation and the UN 2030 Agenda for Sustainable Development

In July 2015, the Member States of the
United Nations (UN) adopted the Addis
Ababa Action Agenda on Financing for
Development, focusing on the need to
address the uneven distribution of innova-
tive capacity.

In addition, in September 2015, the UN
Member States adopted the 2030 Agenda
for Sustainable Development, comprising
17 Sustainable Development Goals (SDGs)
and 169 targets that will shape global
development in the period 2015-30 (see
Box 1 in Chapter 2 of the GII 2015). Most of
the SDGs are directly or indirectly related to
or influenced by technological upgrading,
innovation, and related polices. Goal 9, for
example—'Build resilient infrastructure,
promote inclusive and sustainable indus-
trialization and foster innovation'—refers
to several factors referenced in the Gll:
infrastructure, research, and technology.

In both UN processes, sound national
innovation systems and effective global
innovation flows are seen as key to promot-
ing scientific, technological, and policy
solutions.

In particular, the SDGs and their tar-
gets provide the framework for monitoring,
reviewing, and ensuring the accountability
of the 2030 Agenda at global, regional, and

follow standard reporting require-
ments. Yet, generally, understanding
the role of multinational corpora-
tions in technology transfer and
local spillovers in terms of scaling
up domestic innovation capacity and
skills is critical.** In sum, the inter-
nationalization of corporate R&D
and its exact dynamics of technolog-
ical upgrading as a result are insuf-
ficiently studied and understood.
Another type of ‘embodied
knowledge’ flows is the migration
of graduates, skilled scientists, and
entrepreneurs. Vital work to better
document the migration of highly

national levels. This process is based on
statistical indicators established through
an international consultative process.
Disaggregated data—including better
metrics of global innovation flows and
technology transfers called for in earlier
sections of this chapter—are important
for monitoring SDG progress and making
a clearer determination of the challenges
and opportunities.

Although the Gll is not part of the
official list of indicators for implementa-
tion, it provides countries with an addi-
tional data-based tool for evidence-based
policy making. On the basis of the GlI,
numerous workshops are taking place in
different countries to bring innovation
actors together to improve data avail-
ability, to boost the country’s innovation
performance, and to design fresh policy
actions. Also collaborations are ongoing
between the Gll publishers and many
UN organizations, in particular the United
Nations Educational, Scientific and Cultural
Organization (UNESCO), as well as private
data providers, to optimize innovation
metrics to monitor innovation perfor-
mance. Countries are free to use these
data to work towards the SDGs and to help
foster global innovation flows.

skilled graduates or foreign-born
inventors has taken place,” yet more
needs to be done on this front.
Furthermore, a significant share
of knowledge is accessible at no cost
and diffuses freely, not through mar-
ket-based mechanisms. Examples
are the knowledge obtained through
imitation and reverse engineering
and knowledge obtained via distance
learning courses, patent documents,
or scientific publications. One can
conjecture that the related benefits
of these forms of knowledge transfer
are large, if not huge. Yet neither the

flows nor the gains can be suitably
assessed.”

More importantly, assessing the
quality and effectiveness of these
market- and non-market based
channels based on available data is
mostly infeasible without further
empirical validation.?” Assessing
the barriers to knowledge transfer
and trade in ideas is also a relatively
new area of research.?® Issues to be
addressed include what developing
countries can do in terms of institu-
tions, regulations, and their innova-
tion systems to benefit more from
R&D spillovers.

Finally, mostly available assess-
ments of collaboration are still
narrowly limited to assessing inter-
national co-ownership of patents or
scientific papers by people in dif-
ferent countries. These data come
with a number of methodological
shortcomings.” More critically, they
convey a merely one-dimensional,
narrow view on international col-
laboration by documenting joint
intermediate R&D-related outputs
but not commercialized innovation
or the benefits associated with this
collaboration. As noted by Bound
in Chapter 4, these popular col-
laboration data are also lagging and
static indicators. International col-
laboration in science and innovation
happen instead in fluid networks
with their own internal dynam-
ics, requiring the development of
more networked-based metrics and
approaches.

The same is true for efforts of
governments or public research
organizations to encourage interna-
tional R&D collaboration. Although
high-income countries pledge to
collaborate more internationally, in
particular on global challenges, the
extent and impact of these collabo-
rations are poorly documented.” In
the same vein, exciting new efforts

by public-private partnerships and




non-governmental organizations
fostering global R&D and innova-
tion collaboration are in progress.
They bring together an array of
innovation actors to solve global
challenges—examples include joint
research efforts on neglected dis-
eases.”! Yet it is hard to put an overall
aggregate figure on their aggregate
impact, particularly because these
global efforts occur in a decentral-
ized fashion. Although attempts are
underway to document the overall
impact of innovation, little evidence
is available to document the benefits
ofinternational collaboration and the
benetfits of global R&D spillovers.

Finally, a lot has been written on
the potential for South—South inno-
vation flows or reverse innovations in
which technology flows from devel-
oping to developed countries.” With
some exceptions (see Chapter 3),
most of the related evidence is
based on anecdotes but certainly
not robust data. Thus, in Chapter 4
Bound argues that the potential of
these new innovation flows veers
from ‘wildly romanticized’ to ‘dan-
gerously underestimated’.

This lack of transparency under-
mines the trust needed to build
win-win alliances, as they typically
involve local and global (external)
innovators, as noted by von Zedtwitz
and Gassman in Chapter 9. The lack
of available data on global innovation
flows and aggregate impacts is also
crucially missing in debates around
the UN Sustainable Development
Goals (SDGs) (see Box 2) and in
debates surrounding the topic of

‘technology transfer’.

Better business strategies and innovation
policy approaches to maximize benefits

Better business strategies and
policy approaches, along with
fresh approaches to encourage

global innovation cooperation and

its governance, are required to
maximize the benefits of global
innovation.

When trying to identify how
business strategies and public poli-
cies can be better attuned to reflect
and leverage the advantages of global
innovation, an array of ‘horizontal
challenges’ presents itself:

First, as noted in this year’s Science
and Engineering Indicators report and
the UNESCO Science Report, a mul-
tipolar world of research and inno-
vation has emerged rather than one
where the global innovation divide
has been overcome (see also Box 3
on page 10).”> Despite the increas-
ingly global nature of research and
innovation activities, the majority
of activities are still concentrated in
high-income economies and select
middle-income economies such as
Brazil, China, and India.

Second, as noted in Chapter 2,
even most middle-income countries
still depend on technology transfers
from developed economies for solu-
tions to mainly domestic problems
(e.g., combatting diseases such as
malaria or securing cheaper energy
sources). Better technology diffusion
to and within developing countries
will help these countries to narrow
the gap with advanced countries.’*
This must be a priority for all stake-
holders in order to reap the fruits of
innovation.

Third, appropriate research and
innovation for and from lower- and
lower-middle-income economies
are desperately needed. Worryingly,
some experts are raising concerns
that global innovation might harm
rather than and help this goal.”® As
increasing numbers of prominent
scholars work together across bor-
ders, top innovators are drawn away
from focusing on local needs. As a
result, fewer global research results
are being assimilated locally. As
noted by Katragadda and Bharadwaj

in Chapter 12 and Gokhberg and
Roud in Chapter 13, developing
countries need to clearly spell out
their own innovation needs and
strategically pursue them, rather
than only feeding into globalized
corporate innovation networks.

Fourth, although difficult to
measure, there seems to be ample
scope to expand global corporate
and public R&D cooperation. In
particular, much underused poten-
tial for innovation collaboration
exists at the regional level—within
Africa, within Asia, within Latin
America and other regions.’® The
same is true for technology diffusion
and cooperative research between
rich and poorer countries.

Some of the resulting opportuni-
ties and challenges of global innova-
tion can be outlined, both for firms

and governments.

Firms: Embracing global corporate
innovation networks and overcoming
related complexities

For firms, perceiving global innova-
tion as a win-win opportunity has
been a long time in the making.
Multinational corporations have
started to move R&D resources
across the world. They have located
R&D resources in emerging coun-
tries for more than a decade, playing
a critical role in bridging the tech-
nological gap between high- and
middle-income countries and often
leveraging the low-cost access to
exceptional talent (see particularly
Chapters 3, 7, 9, and 12 in this edi-
tion of the GII). Rather than only
adapting products to local markets,
more and more frequently research
is conducted that helps to solve local
problems in developed and develop-
ing countries alike.

Yet, despite a broadly positive
trend, the extent of globalized R&D
is still mostly incipient; untapped
potential exists according to the
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Box 3: The global innovation divide: China among top 25 and the narrowing gap between low- and middle-income countries

The top 25 Gll slots are occupied by a stable
set of high-income countries that consis-
tently lead in innovation. In past years, hardly
any country moved in or out of this group
of top performers. This year some notable
changes take place within the top 25, in part
because of the inclusion of new indicators.
Notably, for the first time a middle-income
country—China—is among the top 25.

In the top 10, Switzerland remains at
number 1 for the sixth consecutive year.
Germany is in the top 10 in this year's GlI, at
10th place, with Luxembourg (12th) exiting.
Germany's entrance into the top 10 relies on
its consistent performance in areas such as
Research and development (sub-pillar 2.3)
and Knowledge creation (sub-pillar 6.1), and
it attains top indicator rankings in logistics
performance (3.2.2), patent applications by
origin (6.1.1), and country-code top-level

domains (7.3.2). In addition, top scores in
newly introduced indicators such as the
average expenditure of top 3 global R&D
companies (2.3.3) explain this rise.

The Czech Republic drops out of the top
25 this year. At the same time, China joins
the top 25 group. This inclusion is driven not
only by China’s innovation performance but
also by methodological considerations, such
as the addition of four new indicators where
China does particularly well. For example,
the country has a particularly high num-
ber of R&D-intensive firms among the top
global corporate R&D spenders (see Annex
2). China’s innovation rankings this year
also reflect high scores in both the Business
sophistication and Knowledge and technol-
ogy outputs pillars, in which it scores above
the average of the overall ranked 11-25
group to which it now belongs. Top scores

Figure 3.1 Innovation divide bridged: China reaches the top 25
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Note: Countries/economies are classified according to the World Bank Income Group Classification (July 2015).

in indicators such as patent applications
by origin (6.1.1), utility model applications
by origin (6.1.3), high-tech exports (6.3.2),
and creative goods exports (7.2.5), as well
as in the new indicators, global R&D com-
panies (2.3.3), domestic market scale (4.3.3),
research talent in business enterprise (5.3.5),
and industrial designs by origin (7.1.2) are all
factors behind this high ranking.

The distance between the top 25 and
the groups that follow is still evident. Figure
3.1 shows the average scores for six groups
of economies: (1) the top 10, which are all
high-income economies; (2) ranks 11-25,
which are high-income plus Ching; (3) other
high-income; (4) upper-middle-income
(excluding China); (5) lower-middle-income;
and (6) low-income economies.
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Box 3: The global innovation divide (contd)

Distinction between the top 10
innovation leaders and others in the
top 25

The top 10 high-income economies perform
above the 11-25 group in all pillars. This
group’s strengths are in Human capital and
research (pillar 2), Market sophistication (pil-
lar 4), and Knowledge and technology out-
puts (pillar 6). Past performance shows that
the gap between both groups is currently
larger in all the input-side pillars of the Gl
with the sole exception of Business sophis-
tication (pillar 5). Conversely, this contrast
also shows that variations in performance
are now more narrow in Knowledge and
technology outputs (pillar 6) and in Creative
outputs (pillar 7), both of the pillars in the
output-side of the Gll.

That said, a number of high-income
countries that rank in the 11-25 range—
such as the Republic of Korea (11th), Canada
(15th), Japan (16th), and Estonia (24th)—
perform above the average of the top 10 in
various pillars (i.e., Institutions, Infrastructure,
and Creative outputs). China is not yet on par
with any of the top 10 countries in any pillar.
However, China scores higher in Business
sophistication (pillar 5) and Knowledge and
technology outputs (pillar 6) than its peers
in the 11-25 group.

Middle-income economies: China
closest to high-income countries, with
Malaysia now at greater distance

Last year, China and Malaysia were the only
two middle-income economies close to the
top 25 group. Except for these two countries,
the divide between the group of upper-
middle-income economies and the group
of other high-income 11-25 ranked econo-
mies was large, especially in the Institutions,
Human capital and research, Infrastructure,
and Creative outputs pillars.

On the variable level, and both in
absolute and relative terms in relation to
other countries, China has demonstrated

the strongest improvement over the years
in various key indicators, including gross
expenditure in R&D (2.3.2), ICT services
imports (5.3.3), the number of patent appli-
cations filed by residents (6.1.1), and citable
documents H index (6.1.5) as well as other
variables associated with the development
and creation of human capital in innovation,
such as tertiary enrolment (2.2.1), school life
expectancy (2.1.3), tertiary inbound mobility
(2.2.3), and the ranking average score of its
top 3 universities (2.3.4).

With China part of the top 25, Malaysia
(at 35th) is the closest middle-income
economy to China in terms of its ranking,
yet the distance between them has wid-
ened. Bulgaria, at 38th place, is the second
middle-income economy in line. Indeed,
Malaysia and Bulgaria show similar or higher
pillar scores than those of the high-income
economies group that are not in the top
25, especially in the Business sophistication
and Knowledge and technology outputs
pillars. A few middle-income countries—
such as Turkey (42nd), Costa Rica (45th), the
Republic of Moldova (46th), and Romania
(48th)—are in the top 50.

On average, however, the divide
between middle-income and high-income
economies stays large, and continues to
hold mostly in Institutions (pillar 1), Human
capital and research (2), Infrastructure (3),
and Creative outputs (7). Relative to last year,
and possibly in part because of method-
ological considerations, the divide between
these groups has also increased more nota-
bly in the Human capital and research and in
Business sophistication and Knowledge and
technology outputs pillars.

Low-income economies: Closing the
gap with middle-income economies

Confirming a trend first spotted in the GlI
in 2014, on average, low-income econo-
mies successfully continue to close the

innovation divide that separates them
from middle-income economies. On aver-
age, and possibly related to the GIl model
changes, the gap is still significant espe-
cially in some pillars: Human capital and
research, Infrastructure, Market sophistica-
tion, Knowledge and technology outputs,
and Creative outputs. But the gap between
the low- and lower-middle-income clusters
in two pillars—Institutions and Business
sophistication—has now disappeared. In
fact, low-income economies now outper-
form even the upper-middle-income group
on average in business sophistication. Efforts
to bolster solid institutions and to enable
businesses to thrive have seen considerable
impact. Effectively this also means the old
boundaries and innovation glass ceilings are
further eroding. Countries such as Rwanda
(83rd), Cambodia (95th), Malawi (98th),
Uganda (99th), Benin (121st), and Burkina
Faso (122nd) are a few of the low-income
countries helping bridge the divide by
shining above the average middle-income
scores in more than one pillar.

Stability in regional innovation divides
The overall regional rankings based on the
Gll average scores show that the Northern
America region is at the top (58.1), fol-
lowed closely by Europe (46.9) and South
East Asia, East Asia, and Oceania (44.6).
Northern Africa and Western Asia (33.9) and
Latin America and the Caribbean (30.3) are
closing in on each other’s scores, while this
year the Central and Southern Asia average
score (27.7) is marginally above that of Sub-
Saharan Africa’s average scores (25.6).

Note

1 Regional groups are defined based on the United
Nations classification, United Nations Statistics
Division, revision of 13 October 2013.
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chapters presented in this report.
Most companies in high-income
countries—particularly small- and
medium-sized enterprises—and
nearly all firms in emerging econo-
mies run all of their product devel-
opment and innovation activities
from their corporate centre (see
Chapter 9). Other companies are
on the verge of spanning more
globalized networked innovation
models, but still have the majority
of their R&D centralized at home
(Chapter 6).

In part this is because costs and
benefits of geographic decentraliza-
tion are still being explored. Many
of the chapters in this year’s GII
illustrate the complexity of conduct-
ing globalized corporate innovation
models, the difficulty of coordina-
tion between various departments
and locations, and the centrality of
improved governance and processes.
As noted by von Zedtwitz and
Gassman in Chapter 9, ‘managing
global R&D is more than just ...
coordinating foreign R&D teams—
it is about managing the flow of
innovation regardless of corporate
allegiances and ownership, and
appropriating the benefits irre-
spective of headquarter locations.’
The greater division of work and
increased specialization make the
coordination of global innovation
more demanding.

For most companies, building
diverse local and international part-
nerships is challenging. As noted
by Engel et al. in Chapter 8, the
majority of firms have insufficient
processes to identify, select, build
and operate, and exit innovation
partnerships globally. Yet organi-
zations that systematically harness
these relationships—including rela-
tionships with domestic start-ups,
small- and medium-sized enter-
prises, and customers—will be best
prepared to capture the next wave of

growth. This nurturing of relation-
ships requires experimentation with
new customized partnership models
and open innovation platforms, as
illustrated by Poh in Chapter 10.

Moreover, as noted especially
in Chapters 6, 7, 8, and 12, a new
innovation culture is required to
benefit from global innovation. This
entails flatter hierarchies; increased
cross-functional collaboration across
R&D, supply chain management,
and marketing; a diversified talent
pool that brings in fresh perspectives
and skills unencumbered by tradi-
tional approaches; an environment
that encourages risk-taking and fail-
ure and learning from it; and coop-
eration with external players and
customers to complement internal
innovation.

Firms also need to walk a care-
ful line between globalization and
localization. As noted by Kim et al.
in Chapter 6 and Katragadda and
Bharadwaj in Chapter 12, firms
need to simultaneously build global
R&D capacity and develop localized
solutions after having understood
local customers’ needs.

Finally, rolling out innovation
globally is challenging. No matter
how large or small a firm is, the
execution of ideas and innovations
in the global market place remains
arduous and is largely guided by
trial-and-error approaches. As noted
in Chapter 9, this is particularly true
when firms try to transfer innovative
products from a developing country

to an advanced one.

Governance and policy: Adjusting to
the reality of global innovation

For governments and national pol-
icy making, facilitating increased
international collaboration and
complementing inward with more
outward-looking approaches is
now key to sustained success in

innovation.

To be clear, there is no reason to
believe that past national innovation
approaches were misguided. On the
contrary, throughout history nation-
ally conducted innovation efforts
and policies have largely been good
for the world. This is partly because
innovation is a global public good:
regardless of who invests heavily in
bringing about new scientific dis-
coveries or innovations, they often
diffuse beyond boarders to enrich
other countries as well. In the same
spirit, the national innovation poli-
cies of different countries—whose
innovators and firms often compete
against one another—have and will
continue to create largely positive
effects.

Rather the point is that the more
globalized innovation processes
offer new possibilities that coun-
tries are only learning to seize. In
this context, Wagner et al. (2015)
emphasize that

The global network presents

opportunities for ... policy-makers to

seek efficiencies that were not available
when a few nations dominated science.

With improved scanning of research

and more effective communications,

it may be possible to leverage foreign

research, data, equipment, and know-

how ... .[Nations] must learn to manage
and benefit from a network. Networks
operate by reciprocity, exchange,
incentives, trust, and openness,

so explicit policies of support for
complementary links [are desirable] ¥

In addition, an increasingly vast
array of global challenges requires
more internationally coordinated
efforts to seek fitting and timely
solutions.

For a start, policies need to fur-
ther support openness, as suggested
by Poh in Chapter 10. Identifying
barriers to global cooperation and
the flow of ideas should be a new
global innovation policy priority.
Removing barriers to mobility and
fostering the cross-border flows
of knowledge and people matters
greatly in this context. Avoiding the




creation of new techno-nationalist
barriers is also critically important.

In addition, national policies
and related incentives should avoid
focusing on domestic players alone
to full reap the benefits of global
innovation. Fiscal incentives, grants,
and other national innovation poli-
cies could more explicitly favour
international collaboration and the
diffusion and integration of knowl-
edge across borders. Calls for pro-
posals could, more often, be jointly
issued by multiple countries, partic-
ularly when convening large-scale,
multi-disciplinary  programmes.
The programmes implemented at
the European Union level have gar-
nered experience and could serve as
useful starting point.”®

National and international sci-
ence and innovation policies should
also become more inclusive of
developing countries. Fortunately,
these countries have gained recent
experience with  programmes
explicitly focused on research coop-
eration with developing counties—
see, for example, the US Agency
for International Development
(USAID), the National Science
Foundation (NSF), and the National
Cancer Institute (NCI) joint research
projects in the USA; in Switzerland,
see the Commission for Research
Partnerships
Countries aimed at ‘North-South’
official

development assistance with the

with  Developing

research.” Revamping
inclusion of R&D and innovation
components is a welcome develop-
ment. Guidance, too, is emerging
on how to structure such coopera-
tion between the developed and the
developing world too.*’

Edler in Chapter 5 and Finkel
and Bell in Chapter 10 also empha-
size the need to craft globally
focused demand-side innovation
policies. In their view, traditional
supply-side innovation policies have

failed to deliver progress for most
developing countries. Demand-side
policies and instruments need to
be expanded and deployed broadly
across the developing world to sup-
port the generation and diffusion of
innovation for the benefit of local
and global needs. Appropriate areas
for such policies include government
procurement, price-based measures,

and demonstration projects.

There is a need for a global innovation
mindset and discussions on fresh
governance frameworks

Are new governance systems needed
to improve global innovation coop-
eration? Are the current frameworks
insufficient? These questions should
be at the centre of future innovation
policy debates.

On the one hand, it can be
argued that, for many innovation
questions, there already is a global
governance framework through
organizationssuchas the International
Telecommunication Union (ITU)
for telecommunication issues, the
International ~ Organization for
Standardization (ISO) for standard-
ization issues, the World Intellectual
Property Organization (WIPO) for
IP matters, and the World Health
Organization (WHO) for health-
related matters, for example. There
are also a number of ad-hoc or more
specific regional and plurilateral ini-
tiatives such as CERN, the European
Organization for Nuclear Research.
Some fora, such as the Global Science
Forum, are described in Chapter 11;
similar initiatives for global science
and R&D cooperation exist in the G7
process. As noted in Chapter 13 by
Gokhberg and Roud, other oppor-
tunities arise through bilateral or
plurilateral funding for R&D part-
nerships, policy dialogues such as the
US-India Strategic and Commercial
Dialogue," and global coalitions such
as the Mission Innovation as part of

the United Nations Conference on
Climate Change in Paris (COP21).
Regional efforts such as China’s Belt
and Road Initiative also hold poten-
tial (see Box 7 on page 41).

On the other hand, scholars
and institutions have called for
complementary global governance
mechanisms more focused on
improving international science
and R&D cooperation.*” The argu-
ment is that innovation needs to be
treated on par with trade, health,
and immigration issues that have
a dedicated international gover-
nance framework. Yet neither the
exact scope of such international
governance systems nor the proper
institutional anchors have been fully
elaborated. Importantly, such frame-
works will need to be flexible and
timely enough to accommodate the
dynamic nature of innovation pro-
cesses. Topics of coordination would
include facilitating the mobility of
scientists, establishing new funding
or co-financing schemes for particu-
lar technologies, and designing pro-
grammes for improved international
R&D Another
important topic is the development

collaboration.*”

of global research infrastructures
and how to best design and imple-
ment their optimal prioritization
and sharing modalities.**

In both cases, the challenge is
to move towards increased global
innovation cooperation via more
inclusive governance mechanisms
producing measurable outcomes
that are evaluated and more clearly
communicated over time. Better
cooperation will help inform all
stakeholders more broadly about the
merits of global innovation, simulta-
neously pre-empting the formation
of new barriers in this regard.

The next sections present the GII
2016 framework and results.
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Figure 2: Framework of the Global Innovation Index 2016

The Gl 2016 conceptual framework
The GII helps to create an environ-
ment in which innovation factors are
continually evaluated. It provides a
key tool of detailed metrics for 128
economies this year, representing
92.8% of the world’s population and
97.9% of the world’s GDP (in cur-
rent US dollars).

Four measures are calculated: the
overall GII, the Input and Output
Sub-Indices, and the Innovation

Efficiency Ratio (Figure 2).

* The overall GII score is the
simple average of the Input and

Output Sub-Index scores.

¢ The Innovation Input Sub-
Index is comprised of five input
pillars that capture elements
of the national economy that

enable innovative activities: (1)

Global Innovation Index

(average)

Institutions, (2) Human capital
and research, (3) Infrastructure,
(4) Market sophistication, and (5)

Business sophistication.

* The Innovation Output Sub-
Index provides information
about outputs that are the results
of innovative activities within
the economy. There are two
output pillars: (6) Knowledge
and technology outputs and (7)

Creative outputs.

e The Innovation Efficiency
Ratio is the ratio of the Output
Sub-Index score over the Input
Sub-Index score. It shows how
much innovation 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 82 indicators this year.

Further details on the GII frame-
work and the indicators used are
provided in Annex 1. It is important
to note that each year the variables
included in the GII computation are
reviewed and updated to provide
the best and most current assessment
of global innovation. Other meth-
odological issues—such as missing
data, revised scaling factors, and new
countries added to the sample—also
impact year-on-year comparabil-
ity of the rankings (details of these
changes to the framework and fac-
tors impacting year-on-year com-
parability are provided in Annex 2).

Most notably, a more stringent
criterion for the inclusion of coun-
tries in the GII was adopted this year,

following the Joint Research Centre




Figure 3: Movement in the top 10 of the GlI
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(JRC) recommendation of past GII
audits (see Annex 3 in this report
and in previous years). Economies
and countries were included in the
GII 2016 only if 60% of data were
available within each of the two
sub-indices and if at least two of
the three sub-pillars in each pil-
lar could be computed. This more
stringent criterion for inclusion in
the GII ensures that country scores
for the GII and for the two Input
and Output Sub-Indices are not
particularly sensitive to the miss-
ing values. As noted by the audit,
this more stringent threshold has
notably improved the confidence in
the country ranks for the GII and
the two sub-indices, and thus the
reliability of the GII rankings (see
Annex 3).

The Global Innovation Index 2016 results
The GII 2016 results have shown
consistency in areas such as top

rankings and the innovation divide.
However, there also have been some
new high-level developments as

described below.

Stability at the top, led by Switzerland,
Sweden, and the UK

In 2016, the GII remains relatively
stable at the top. Switzerland leads
the rankings for the sixth con-
secutive year, but for the first time
Switzerland sees its distance from
the second-best-scoring country
narrowing, potentially reflect-
ing a mix of methodological but
also performance-related drivers.
Sweden regains the 2nd place, last
held in 2013, moving the United
Kingdom (UK) down to 3rd. The
USA and Finland each move up one
spot to take the 4th and 5th spots,
respectively. Singapore, Ireland, and
Denmark also improved upon their
2015 rankings and remain in the top
10, while the Netherlands falls five

ranks to 9th place, mostly driven by

an FDI-related variable and missing
data points. Germany enters the top
10 this year as Luxembourg moves
out, making it the only new entrant
among the top 10 this year.

Figure 3 shows movement in the
top 10 ranked economies over the
last four years:

Switzerland

Sweden

United Kingdom

United States of America
Finland

Singapore

Ireland

Denmark

Netherlands
. Germany
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Furthermore, stability remains
across the top 25 economies with
one exception: the Czech Republic
drops from 25th to 27th in 2016 as
China becomes the first middle-
income economy to enter the top 25
(see Box 3 on page 10). Within
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the top 25 group, several other
economies move up by two or more
spots, including the Republic of
Korea (11th), Japan (16th), France
(18th), and Belgium (23rd).

Innovation is becoming more global but
divides remain

The GII rankings have shown a
remarkable level of global diver-
sity among innovation leaders over
the years. Among the top-ranked
25 innovative nations this year are
not only economies from Northern
America (such as Canada and the
USA) and Europe (such as Germany,
Switzerland, and the UK) but also
from South East Asia, East Asia, and
Oceania (such as Australia, Japan,
Korea, and Singapore) and Northern
Africa and Western Asia (Israel).

Economies that perform at least
10 percent higher than their peers
for their level of GDP are labelled
‘innovation achievers’; they include
many economies from Sub-Saharan
Africa, such as Kenya, Madagascar,
Malawi, Rwanda, and Uganda; one
from Northern Africa and Western
Asia (Armenia); one from South East
Asia, East Asia, and Oceania (Viet
Nam); and several from Central
and Southern Asia (such as India
and Tajikistan). A wide variety of
countries outperform their income
group in at least four of the seven GII
pillars; these include countries such
as Bhutan, Brazil, Cambodia, Costa
Rica, Georgia, Indonesia, Mexico,
Morocco, the Philippines, South
Africa, and others.

Yet, rather than levelling the
playing field, a multipolar world
of research and innovation has
emerged. The majority of activities
are still concentrated in high-income
economies and select middle-income
economies such as Brazil, China,
India, and South Africa. Only China
has seen its R&D expenditures or
other innovation input and output

metrics move closer to rich countries
such as the USA. Other middle-
income economies remain distant;
Malaysia slipped further away this
year. The divide between the group
of upper-middle-income econo-
mies and the group of high-income
economies is large, especially in
the Institutions, Human capital
and research, Infrastructure, and
Creative outputs pillars.

Innovation divides remain
according to the GII 2016 (see Box 3
on page 10). The distance between
the performance of the top 10 ranked
innovation nations and all others
is still wide. However, this year
a mix of innovation performance
and methodological considerations
allows China, a middle-income
economy, to join the 11-25 ranked
group, traditionally composed of
high-income countries.

However, other middle-income
economies that were identified in
the past as being on the heels of the
richer countries in the top rankings
either remain far from these groups
or are moving away from them.
Malaysia (35th) and Bulgaria (38th)
are the only two remaining middle-
(other than
China) still close to top high-income

income economies

groups.” Both of these economies,
however, show a ranking that is
similar or higher than those of the
high-income economies that are
not in the top 25. This is especially
evident in the Business sophistica-
tion and Knowledge and technol-
ogy outputs pillars. Although for
some economies this divide seems
to be reducing, on average, the
high-income economies rank above
middle-income in Institutions (pil-
lar 1), Human capital and research
(2), Infrastructure (3), and Creative
outputs (7).

At lower levels of income, the
innovation divide between mid-

dle- and low-income economies

continues to close (see Box 3 on
page 10), partly driven by poten-
tial methodological but also partly
driven by performance-related
This

lower-income economies are more

factors. year, on average,
similar to lower-middle-income

economies in Institutions and
Business sophistication. Yet in some
pillars low-income economies still
lag behind; this is especially the case
in the Human capital and research,
Infrastructure, Market sophistica-
tion, Knowledge and technology

outputs, and Creative outputs pillars.

High-quality innovation continues to matter
and China is catching up

As noted over the past four years,
quality is as important an element
of innovation as quantity (see Box 4
on page 18). Since the 2013 edi-
tion of the GII, quality has been
measured by (1) quality of local
universities (2.3.4, QS university
rankings average score of top 3
universities); (2) internationaliza-
tion of local inventions (5.2.5, pat-
ent families filed in three offices,
changed to patent families filed in
two offices in the GII 2016); and (3)
the number of citations that local
research documents receive abroad
(6.1.5, citable documents H index).
This year Japan, the USA, the UK,
and Germany remain at the top of
the composite indicator that com-
bines these three indicators among
the high-income economies. Japan
takes over the top position, boosted
by high scores in the new measure-
ment of patent families; both the
USA and the UK take the top two
spots, respectively, in the quality of
local universities while sharing top
place in the number of citations (see
Box 4). China is both top in the
group of middle-income economies
and has scores in the quality of local
universities and the number of cita-

tions that are above the high-income




group average and on par or above
those of some economies in the top
10 quality of innovation for that
income group. In patents filed,
however, China remains below this
average. Yet the innovation quality
scores for China are the only ones
among its group that display a bal-
ance similar to that of high-income
economies.

When not considering China,
other top-scoring middle-income
economies are also helping close
the gap between these two income
groups. India, Brazil, and South
Africa this year have scores in the
quality of universities and number
of citations that are close to those
of China, and similar to or above
the high-income group averages.
Although India and Brazil still rank
below China on the patent family
metric, their scores are beginning
to approach those of China and thus
helping reduce this income group
divide. This year South Africa’s
scores in all three indicators are
higher, especially in the revised pat-
ent files, giving it a higher overall
position in quality of innovation,
just below Brazil. Russia, now a
high-income economy, has an over-
all score for this composite indicator
that places this country between
the quality of innovation rankings
of India and Brazil. This fact puts
four out of five BRICS economies
in similar overall rankings in this
composite indicator.

This year Seychelles, Argentina,
and Hungary are no longer part of
the top 10 group of middle-income
economies in innovation quality
because of low data coverage in the
case of Seychelles (see Annex 2), and
because of changes in income group
classification in the case of Argentina
and Hungary. These changes lead
Mexico, Malaysia, and Turkey—all
three economies among the top 10

middle-income economies since

this innovation quality metric was
introduced—to move ahead in the
rankings. Furthermore, these shifts
also give Thailand, Colombia, and
Ukraine the opportunity to enter
the top 10 ranking of middle-income
economies this year.

These results lead us directly into
the main GII rankings.

2016 results: The world’s top innovators
The following section describes and
analyses the prominent features of the
GII 2016 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 on pages
20-25 present the rankings of all
economies included in the GII 2016
for the GII and the Input and Output
Sub-Indices.

The top 10 in the Global Innovation Index

Switzerland has earned the number
1 position in the GII for the sixth
consecutive year. It has maintained
this top spot in the GII since 2011, as
well as its number 1 position in the
Innovation Output Sub-Index and
in the Knowledge and technology
outputs pillar since 2012. It ranks
among the top 25 in all pillars and
sub-pillars with only three excep-
tions on the sub-pillar side: Business
(31st),
(32nd), and Information and com-

environment Education
munication technologies (39th).
Switzerland, a knowledge-based
economy of 8.3 million people with
one of the highest GDP per capita
in the world (PPP$58,551), ranks
in the top 10 for all pillars with the
exception of Infrastructure (15th).
Its high Innovation Efficiency Ratio
(5th among all economies included
in the GII 2016, and 1st among the
GII 2016 top 10) allows Switzerland
to benefit from its solid innovation

capabilities and help transform its
resources into high-level innovation
outputs.

Sweden regains the second high-
est position in the GII, a rank it held
from 2011 to 2013. Sweden remains
the top Nordic economy, showing
improvements in both the Input
(5th) and Output (2nd) Sub-Indices
of the GII. This higher ranking is
led by gains in Investment (7th) and
Creative goods and services (14th).
With improved rankings in 11 of
the 21 sub-pillars this year, Sweden
continues to rank among the top
25 economies in all sub-pillars.
Overall, Sweden shows top 10 rank-
ings in all pillars with the exception
of Institutions (11th).

Ranking 3rd in the GII this
year, the United Kingdom (UK)
maintains its position among the
top 3 ranks, after a rise from 11th
in 2011 to 2nd in both 2014 and
2015. The UK ranks 7th overall in
the Innovation Input Sub-Index and
4th overall in the Innovation Output
Sub-Index, up one spot from 2015.
It ranks in the top 10 economies
on all pillars with two exceptions:
Institutions and Business sophisti-
cation. On the sub-pillar side, the
UK ranks in the top 25 econo-
mies across the Input and Output
Sub-Indices with only four excep-
tions: Education (28th), General
infrastructure (34th), Knowledge
absorption (33rd), and Knowledge
diffusion (34th). Although the UK
is still distant to the performance of
the top 25 in sub-pillar 3.2 (General
infrastructure), the rank increase of
the UK on general infrastructure
was its largest rank increase on the
input side, up by 14 positions since
2015.

The United States of America
(USA) reaches the 4th position. It
increases its rank in both the Input
Innovation Sub-Index (3rd) and the
Output Innovation Sub-Index (7th).

—_
~
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Box 4: Innovation quality: Japan, the USA, and the UK at the top

Measuring the quality of innovation-related
input and output indicators as well as their
quantity is critical for an accurate assess-
ment. Indeed, some economies have man-
aged to ramp up the quantity of specific
indicators—such as education expenditures,
patents, and publications—without making
much impact. To address this issue, and to
better measure the quality of innovation,
three indicators were introduced into the
Gll'in 2013: first, the quality of local universi-
ties (determined through indicator 2.3.4, QS
university rankings average score of top 3
universities); second, the internationalization
of local inventions (indicator 5.2.5, patent
families filed in three offices; this indicator
was changed to patent families filed in two
or more offices in the 2016 Gll); and third, the
number of citations that local research docu-
ments receive abroad (indicator 6.1.5, citable
documents H index). Figure 4.1 shows the
sum of the scores of these three indicators
and captures the top 10 highest-performing
high-and middle-income economies for this
combined indicator.

Top 10 high-income economies:
Japan, the USA, the UK, and Germany
continue to lead

Among the high-income group, four
economies—Japan, the United States of
America (USA), the United Kingdom (UK),
and Germany—have stood at the top posi-
tions in this innovation quality metric since
its introduction. This year Japan is number
1 in this ranking. Its scores for the quality of
universities and citable documents remain
almost unchanged for the past two years.
Japan achieves this position mainly as a
result of its high score in the modified patent
family indicator. The USA and the UK share
the top positions in the quality of papers and

universities for the fourth consecutive year.
In 2016, however, the USA takes the top spot
from the UK in the quality of universities.
Like Japan, the Republic of Korea (Korea)
and Sweden are high-income economies
that have improved their ranking on this
combined innovation quality indicator.
Korea moves up two spots to replace
Canada at the 6th position, above France in
the 7th. This upward movement is explained
mostly by Korea's better scores in patent
families and by Canada’s lower scores in
university quality and patent families. France
scores better this year in citable documents
and keeps its 7th position in the innovation
quality indicator. Although Sweden shows
marginally lower scores in the quality of
universities than last year, a stronger score in
patent families drives its upward movement.
Along with Canada, the Netherlands falls in
this quality ranking by one position to 10th.
Although the Netherlands this year ranks
among the high-income economies with
11th place in university rankings and 12th in
patent families, its lower score on the latter
indicator is the main culprit for this drop.

Top 10 middle-income economies:
China leads and India overtakes Brazil

Overall, the gap between high- and middle-
income economies is still considerable.
When excluding China, the gap in average
scores between these two groups in both
the quality of universities (33.1 points) and
in citable documents (26.6 points) is expand-
ing, while it is slightly narrower in patent
families (28.8 points).

China moves to 17th place in innova-
tion quality this year, allowing it to retain its
position at the top of the middle-income
economies and further narrowing the dis-
tance between these and the high-income

group. This upward movement can be
attributed to China’s higher overall scores in
university rankings (7th) and citable docu-
ments (16th).

China is now the only middle-income
economy with innovation quality scores
that display a balance similar to that of
high-income economies. The rest of the
middle-income economies still depend on
their top university rankings to improve their
combined quality scores.

India (ranked 66th overall in the GlI)
swaps the 3rd for the 2nd position with
Brazil (ranked 69th in the Gll) this year. India’s
positive move is the result of its performance
in university rankings, where it comes in
2nd among middle-income economies
and 20th overall; and in patent families,
where—also because of methodological
changes—it now ranks 3rd among middle-
income economies and 37th overall for this
indicator. Brazil's performance, on the other
hand, shows a slightly better score in citable
documents but is affected by lower scores
in the quality of universities and in the new
patent family indicator.

Although most economies at this level
of development still display a weak relative
performance in patent families, India and
Brazil are now beginning to approach the
performance shown by China.

South Africa, another large middle-
income country, also moves upwards in
both the Gl and in the overall quality of
innovation this year. This progress is the
result of higher scores in all three quality-
measuring indicators, but is mostly a conse-
quence of a better score in patent families.
This advance places South Africa at 35th in
that indicator and in 28th position overall in
innovation quality. Although no longer part
of the middle-income bracket since 2014,




Box 4: Innovation quality: Japan, the USA, and the UK at the top (continued)

Figure 4.1: Metrics for quality of innovation: Top 10 high- and top 10 middle-income economies

1Japan

2 United States of America
3 United Kingdom

4 Germany

5 Switzerland

6 Korea, Republic of

7 France

8 Sweden

9 Canada

10 Netherlands

Average (49 economies)

High-income economies

17 China

25 India

27 Brazil

28 South Africa
35 Mexico

37 Malaysia

38 Turkey

42 Thailand

43 Colombia
45 Ukraine
Average (63 economies)

Middle-income economies

W 2.3.4QS university ranking average score of top 3 universities
I 5.2.5 Patent families filed in at least 2 offices
M 6.1.5 Citable documents H index

50 100 150

Sum of scores

200 250 300

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 2014). Upper- and lower-middle income categories

are grouped together as middle-income economies.

the Russian Federation, now a high-income
economy, improves in both the Gl overall
and in the quality of innovation rankings
this year. The Russian Federation’s overall
score for this composite indicator places
this country in the 26th spot among all other
economies, just between the rankings of
India and Brazil.

This year Seychelles, Argentina, and
Hungary are no longer part of the top 10
group of middle-income economies ininno-
vation quality. Seychelles is not included in

the Gll 2016 as a result of insufficient data
coverage, and Argentina and Hungary are
now being classified as high-income econo-
mies.' These shifts lead Mexico, Malaysia, and
Turkey—three economies that have been in
the middle-income top 10 since this inno-
vation quality metric was introduced—to
move ahead in the rankings. In particular,
their rise can be credited to higher scores
in the quality of universities for Mexico; a
constant performance in all three innova-
tion quality indicators for Malaysia; and an

improved score in patent families for Turkey.
These shifts also allow Thailand, Colombia,
and Ukraine to enter the top 10 rankings of
middle-income economies this year.

Note

1 This classification is according to the World Bank's
estimates of gross national income (GNI) per
capita for the previous year.
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Table 1: Global Innovation Index rankings

Country/Economy Score (0-100) Rank Income Rank Region Rank Efficiency Ratio Rank Median: 0.65
Switzerland 66.28 1 HI 1 EUR 1 0.94 5 |
Sweden 63.57 2 HI 2 EUR 2 0.86 10 I
United Kingdom 61.93 3 HI 3 EUR 3 0.83 14 |
United States of America 61.40 4 HI 4 NAC 1 0.79 25 —
Finland 59.90 5 HI 5 EUR 4 0.75 2 I
Singapore 59.16 6 HI 6 SEAO 1 0.62 78 |
Ireland 59.03 7 HI 7 EUR 5 0.89 8 |
Denmark 58.45 8 HI 8 EUR 6 0.74 34 I
Netherlands 5829 9 HI 9 EUR 7 0.82 20 |
Germany 57.94 10 HI 10 EUR 8 0.87 9 I
Korea, Rep. 57.15 1 HI 1 SEAO 2 0.80 24 ]
Luxembourg 57.11 12 HI 12 EUR 9 1.02 1 |
Iceland 55.99 13 HI 13 EUR 10 0.98 3 —
Hong Kong (China) 55.69 14 HI 14 SEAD 3 0.61 83 [ _____|
(anada 54.71 15 HI 15 NAC 2 0.67 57 ]
Japan 54.52 16 HI 16 SEAO 4 0.65 65 |
New Zealand 54.23 17 HI 17 SEAD 5 0.73 40 I
France 54.04 18 HI 18 EUR n 0.73 44 |
Australia 53.07 19 HI 19 SEAD 6 0.64 73 |
Austria 52.65 20 HI 20 EUR 12 0.73 43 I
Israel 5228 2 HI 21 NAWA 1 0.81 23 |
Norway 52.01 2 HI 22 EUR 13 0.68 55 I
Belgium 51.97 23 HI 23 EUR 14 0.78 27 |
Estonia 5173 24 HI 24 EUR 15 0.91 6 ]
China 50.57 25 UM 1 SEAO 7 0.90 7 ]
Malta 50.44 26 HI 25 EUR 16 0.98 2 I
Czech Republic 49.40 27 HI 26 EUR 17 0.82 21 |
Spain 49.19 28 HI 27 EUR 18 0.72 48 —
Italy 4717 29 HI 2 EUR 19 0.74 33 |
Portugal 46.45 30 HI 29 EUR 20 0.75 31 |
Cyprus 46.34 31 HI 30 NAWA 2 0.79 26 I
Slovenia 45.97 32 HI 31 EUR 21 0.74 39 |
Hungary 4.7 3 HI 3 EUR b) 0.83 17 I
Latvia 4433 34 HI 33 EUR 23 0.78 28 ]
Malaysia 4336 35 UM 2 SEAO 8 0.67 59 ]
Lithuania 41.76 36 HI 34 EUR 24 0.63 75 L
Slovakia 41.70 37 HI 35 EUR 25 0.74 36 |
Bulgaria 41.42 38 UM 3 EUR 26 0.83 16 _
Poland 4022 39 HI 36 EUR 27 0.65 66 |
Greece 39.75 40 HI 37 EUR 28 0.61 84 |
United Arab Emirates 39.35 M HI 38 NAWA 3 0.44 n7 N
Turkey 39.03 ) UM 4 NAWA 4 0.84 13 ]
Russian Federation 38.50 ;3 HI 39 EUR 29 0.65 69 ]
Chile 38.41 44 HI 40 LCN 1 0.59 91 |
Costa Rica 38.40 45 UM 5 LCN 2 0.71 50 |
Moldova, Rep. 3839 46 LM 1 EUR 30 0.94 4 |
Croatia 3829 47 HI 4 EUR 31 0.65 68 —
Romania 37.90 48 UM 6 EUR 32 0.72 46 |
Saudi Arabia 37.75 49 HI 42 NAWA 5 0.61 85 [ _____|
Qatar 37.47 50 HI 43 NAWA 6 0.56 97 I
Montenegro 37.36 51 um 7 EUR 33 0.62 80 L
Thailand 36.51 52 UM 8 SEAD 9 0.70 53 ]
Mauritius 35.86 53 UM 9 SSF 1 0.57 95 I
South Africa 35.85 54 UM 10 SSF 2 0.55 99 | ___ B
Mongolia 35.74 55 UM n SEAO 10 0.72 47 |
Ukraine 35.72 56 LM 2 EUR 34 0.84 12 I
Bahrain 35.48 57 HI 44 NAWA 7 0.58 92 |

TFYR of Macedonia 35.40 58 UM 12 EUR 35 0.67 56 _
Viet Nam 3537 59 M 3 SEAD n 0.84 1 |
Armenia 35.14 60 LM 4 NAWA 8 0.83 15 |
Mexico 34.56 61 UM 13 LCN 3 0.63 76 |
Uruguay 34.28 62 HI 45 LCN 4 0.62 81 I
Colombia 34.16 63 UM 14 LCN 5 0.56 96 I
Georgia 33.86 64 LM 5 NAWA 9 0.65 67 I




Table 1: Global Innovation Index rankings (continued)

Country/Economy Score (0-100) Rank Income Rank Region Rank Efficiency Ratio Rank Median: 0.65
Serbia 33.75 65 UM 15 EUR 36 0.65 70 [
India 3361 66 LM 6 CSA 1 0.66 63 |
Kuwait 33.61 67 HI 46 NAWA 10 0.73 4 ]
Panama 33.49 68 UM 16 LCN 6 0.66 61 —
Brazil 33.19 69 UM 17 LCN 7 0.55 100 [ ___ B
Lebanon 3270 70 UM 18 NAWA 1 0.73 M |
Peru 3251 n UM 19 LCN 8 0.51 109 ]
Morocco 3226 n M 7 NAWA 12 0.66 64 —
Oman 322 73 HI 47 NAWA 13 0.53 103 [ __I§
Philippines 31.83 74 LM 8 SEAO 12 0.71 49 |
Kazakhstan 3151 75 UM 20 CSA 2 0.51 108 |
Dominican Republic 30.55 76 UM 21 LCN 9 0.62 82 | H
Tunisia 30.55 77 UM 22 NAWA 14 0.60 86 ]
Iran, Islamic Rep. 30.52 78 UM 23 CSA 3 0.71 51 |
Belarus 3039 79 UM 24 EUR 37 0.45 116 |
Kenya 3036 80 LM 9 SSF 3 0.76 30 ]
Argentina 30.24 81 HI 48 LCN 10 0.56 9 L
Jordan 30.04 82 UM 25 NAWA 15 0.67 58 |
Rwanda 29.96 83 Ll 1 SSF 4 0.38 123 |
Mozambique 29.84 84 Ll 2 SSF 5 0.73 45 ]
Azerbaijan 29.64 85 UM 26 NAWA 16 0.54 101 [ ___ B
Tajikistan 29.62 86 LM 10 CSA 4 0.77 29 ——
Bosnia and Herzegovina 29.62 87 UM 27 EUR 38 0.46 15 |
Indonesia 29.07 88 LM " SEAO 13 0.71 52 ]
Jamaica 28.97 89 UM 28 LCN 1 0.53 104 |
Botswana 28.96 90 UM 29 SSF 6 0.42 19 |
SriLanka 2892 91 LM 12 CSA 5 0.70 54 ]
Albania 2838 92 UM 30 EUR 39 0.40 ini |
Namibia 28.24 93 UM 31 SSF 7 0.54 102 |
Paraguay 28.20 94 UM 32 LCN 12 0.62 77 |
Cambodia 27.94 95 Ll 3 SEAO 14 0.59 90 |
Bhutan 27.88 9% LM 13 CSA 6 0.28 128 |
Guatemala 27.30 97 LM 14 LCN 13 0.62 79 |
Malawi 27.26 9 Ll 4 SSF 8 0.74 38 ]
Uganda 27.14 9 Ll 5 SSF 9 0.52 106 |
Ecuador 27.11 100 UM 33 LCN 14 0.60 87 |
Honduras 26.94 101 LM 15 LCN 15 0.53 105 |
Ghana 26.66 102 LM 16 SSF 10 0.60 88 |
Kyrgyzstan 26.62 103 LM 17 CSA 7 0.50 110 |

El Salvador 26.56 104 LM 18 LCN 16 0.48 13 ||
Tanzania, United Rep. 26.35 105 Ll 6 SSF 1 0.81 22 |
Senegal 26.14 106 LM 19 SSF 12 0.66 62 —
Egypt 25.96 107 M 20 NAWA 7 0.63 74 I
Cote d'lvoire 25.80 108 LM N SSF 13 0.82 19 |
Bolivia, Plurinational St. 25.24 109 LM 2 LCN 17 0.59 89 I
Ethiopia 24.83 110 Ll 7 SSF 14 0.83 18 |
Madagascar 2479 m Ll 8 SSF 15 0.74 35 —
Mali 2477 12 Ll 9 SSF 16 0.74 37 ]
Algeria 24.46 113 UM 34 NAWA 18 0.49 m [ __I
Nigeria 23.15 114 LM 23 SSF 17 0.67 60 [ ]
Nepal 23.13 115 Ll 10 CSA 8 0.58 9% ]
Nicaragua 23.06 116 LM 24 LCN 18 0.41 120 |
Bangladesh 22.86 n7 LM 25 CSA 9 0.52 107 ]
Cameroon 2.8 118 LM 26 SSF 18 0.58 93 ]
Pakistan 2263 19 LM 27 CSA 10 0.64 n I
Venezuela, Bolivarian Rep. 2232 120 HI 49 LCN 19 0.46 14 |
Benin 225 i Ll n SSF 19 0.43 118 |
Burkina Faso 21.05 122 Ll 12 SSF 20 0.28 127 [ |

Burundi 2093 123 Ll 13 SSF 21 0.39 122 ]

Niger 20.44 124 Ll 14 SSF 22 0.36 125 |
Zambia 19.92 125 LM 28 SSF 23 0.64 72 |
Togo 18.42 126 Ll 15 SSF 24 0.36 124 -
Guinea 17.24 127 LI 16 SSF 25 0.49 112 I
Yemen 14.55 128 LM 29 NAWA 19 0.34 126 .

Note: World Bank Income Group Classification (July 2015): 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; SEAQ = South East Asia, 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: 41.87
Singapore 72,94 1 HI 1 SEAO 1 ]
Hong Kong (China) 69.15 2 HI 2 SEAO 2 I
United States of America 68.71 3 HI 3 NAC 1 ]
Finland 68.49 4 HI 4 EUR 1 —
Sweden 68.48 5 HI 5 EUR 2 |
Switzerland 68.38 6 HI 6 EUR 3 ]
United Kingdom 67.50 7 HI 7 EUR 4 ]
Denmark 67.06 8 HI 8 EUR 5 I
Japan 66.00 9 HI 9 SEAO 3 |
(Canada 65.41 10 HI 10 NAC 2 ]
Australia 64.85 1 HI 1 SEAO 4 |
Netherlands 64.03 12 il 12 EUR 6 ]
Korea, Rep. 63.54 13 Hi 13 SEAO 5 I
New Zealand 62.64 14 HI 14 SEAO 6 |
France 62.56 15 HI 15 EUR 7 ]
Ireland 62.44 16 HI 16 EUR 8 |
Norway 61.98 17 HI 17 EUR 9 —
Germany 61.91 18 HI 18 EUR 10 |
Austria 60.86 19 HI 19 EUR n —
Belgium 58.23 20 HI 20 EUR 12 |
Israel 57.78 2 HI 2 NAWA 1 |
Spain 57.26 22 HI 22 EUR 13 _
Luxembourg 56.64 23 HI 23 EUR 14 |
Iceland 56.64 24 HI 24 EUR 15 _
United Arab Emirates 54.53 25 HI 25 NAWA 2 |
Czech Republic 54.28 26 HI 26 EUR 16 —
Estonia 54.15 27 HI 27 EUR 17 |
Italy 54.07 8 Hi 28 EUR 18 I
China 53.12 29 UM 1 SEAO 7 |
Portugal 53.05 30 HI 29 EUR 19 |
Slovenia 52.99 31 HI 30 EUR 20 |
Malaysia 52.05 32 UM 2 SEAO 8 |
Gyprus 51.88 33 Hi 31 NAWA 3 [
Lithuania 51.18 34 HI 32 EUR 21 |
Malta 51.01 35 HI 33 EUR 22 | |
Latvia 49.73 36 HI 34 EUR 3 I
Greece 49.42 37 il 35 EUR 24 —
Hungary 4894 38 HI 36 EUR 25 I
Poland 48.71 39 HI 37 EUR 26 |
Chile 48.25 40 HI 38 LCN 1 |
Qatar 48.05 4 HI 39 NAWA 4 |
Slovakia 47.96 42 HI 40 EUR 27 _
Saudi Arabia 46.99 43 HI 41 NAWA 5 |
Russian Federation 46.69 4 HI Iy} EUR 28 |
Croatia 46.38 45 HI 43 EUR 29 |
Montenegro 46.13 46 UM 3 EUR 30 |
South Africa 1612 4 UM 4 SsF 1 —
Mauritius 45.75 48 um 5 SSF 2 _
Bulgaria 4530 49 UM 6 EUR 31 ]
Costa Rica 44.94 50 UM 7 LCN 2 ]
Bahrain 44.79 51 HI 4 NAWA 6 |
Romania 43.99 52 UM 8 EUR 32 [
Colombia 43178 53 UM 9 LCN 3 ]
Bhutan 43.46 54 LM 1 CSA 1 ]
Rwanda 43.40 55 Ll 1 SSF 3 ]

Peru 318 56 um 10 LN 4 —
Thailand 42.98 57 um n SEAO 9 |
Brazi o 58 UM 12 LoN 5 —
Turkey 42.54 59 UM 13 NAWA 7 ]
Mexico 252 60 UM 14 LN 6 ]
Uruguay 433 61 HI 45 LCN 7 ]
TFYR of Macedonia 4231 62 UM 15 EUR 33 _
Oman 4.10 63 HI 46 NAWA 8 |
Belarus 41.99 64 UM 16 EUR 34 I




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

Country/Economy Score (0-100) Rank Income Rank Region Rank Median: 41.87
Kazakhstan 41.75 65 UM 17 CSA 2 ]
Mongolia 41.56 66 UM 18 SEAO 10 | ]
Georgia 41.02 67 LM 2 NAWA 9 |
Serbia 40.94 68 UM 19 EUR 35 —
Botswana 40.93 69 UM 20 SSF 4 ]
Bosnia and Herzegovina 40.54 70 UM 2 EUR 36 |
Albania 40.53 n UM 22 EUR 37 |
India 40.49 n M 3 ) 3 _——
Panama 4031 73 UM 23 LCN 8 |
Moldova, Rep. 39.57 74 M 4 EUR 38 |
Morocco 38.93 75 LM 5 NAWA 10 |
Ukraine 3891 76 M 6 EUR 39 |
Argentina 38.86 77 HI 47 LCN 9 |
Kuwait 38.84 78 HI 48 NAWA n |
Viet Nam 38.45 79 M 7 SEAO 1 |
Armenia 38.40 80 LM 8 NAWA 12 |
Azerbaijan 38.39 81 UM 24 NAWA 13 |
Tunisia 38.10 82 UM 25 NAWA 14 |
Jamaica 37.96 83 UM 26 LCN 10 |
Dominican Republic 37.80 84 Um 27 LCN n |
Lebanon 37.78 85 UM 28 NAWA 15 |
Philippines 31.3 86 M 9 SEAO 12 |
Namibia 36.66 87 UM 29 SSF 5 | |
Jordan 36.01 88 UM 30 NAWA 16 |
El Salvador 35.92 89 M 10 LCN 12 |
Iran, Islamic Rep. 35.72 90 UM 31 CSA 4 |
Uganda 35.63 921 L 2 SSF 6 |
Kyrgyzstan 35.61 92 M n CSA 5 |
Honduras 3533 923 LM 12 LCN 13 |
Cambodia 35.06 9% L 3 SEAO 13 |
Paraguay 34.75 95 UM 32 LCN 14 |
Mozambique 34.55 9 Ll 4 SSF 7 ||
Kenya 34.44 97 LM 13 SSF 8 ||
Sri Lanka 34.08 98 M 14 CSA 6 |
Indonesia 34.04 9 LM 15 SEAO 14 | |
Ecuador 33.92 100 UM 33 LCN 15 |
Guatemala 33.69 101 M 16 LCN 16 |
Tajikistan 33.51 102 LM 17 CSA 7 ||
Ghana 3337 103 M 18 SSF 9 |
Algeria 32.80 104 UM 34 NAWA 17 ]
Burkina Faso 32.78 105 L 5 SSF 10 ]
Nicaragua 32.78 106 LM 19 LCN 17 ]
Egypt 3176 107 M 2 NAWA 18 [
Bolivia, Plurinational St. 31.66 108 M 21 LCN 18 |
Senegal 3147 109 LM 22 SSF n |
Malawi 314 110 Ll 6 SSF 12 |
Benin 31.16 1 L 7 SSF 13 |
Venezuela, Bolivarian Rep. 30.52 112 HI 49 LCN 19 ||
Niger 30.08 13 Ll 8 SSF 14 ]
Burundi 30.04 14 L 9 SSF 15 |
Bangladesh 30.02 115 LM 23 CSA 8 ]
Nepal 2931 116 Ll 10 CSA 9 |
Tanzania, United Rep. 29.05 17 LI 1 SSF 16 |
Cameroon 28.88 118 M 24 SSF 17 |
Mali 28.53 19 L 12 SSF 18 ]
Madagascar 28.45 120 Ll 13 SSF 19 |
(ote d'Ivoire 28.29 121 M 25 SSF 20 |
Nigeria 27.80 122 LM 26 SSE 21 |
Pakistan 2751 123 M 27 CSA 10 |
Ethiopia 27.19 124 L 14 SSF 22 |
Togo 271 125 Ll 15 SSF 23 ]
Zambia 24.25 126 M 28 SSF 24 |
Guinea 23.18 127 L 16 SSF 25 [ |
Yemen 21.67 128 LM 29 NAWA 19 ||

Note: World Bank Income Group Classification (July 2015): 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; SEAQ = South East Asia, 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: 26.35
Switzerland 64.19 1 HI 1 EUR 1 ]
Sweden 5866 2 HI 2 EUR 2 I
Luxembourg 57.57 3 HI 3 EUR 3 |
United Kingdom 56.35 4 HI 4 EUR 4 —
Ireland 55.63 5 HI 5 EUR 5 |
Iceland 55.35 6 HI 6 EUR 6 |
United States of America 54.08 7 HI 7 NAC 1 |
Germany 53.97 8 HI 8 EUR 7 I
Netherlands 52.54 9 HI 9 EUR 8 |
Finland 5132 10 HI 10 EUR 9 I
Korea, Rep. 50.75 n HI n SEAO 1 ]
Malta 49.86 12 HI 12 EUR 10 |
Denmark 49.84 3 HI 3 EUR 1 ———
Estonia 49.31 14 HI 14 EUR 12 |
China 48.02 15 UM 1 SEAO 2 |
Israel 46.77 16 HI 15 NAWA 1 |
New Zealand 45.82 17 il 16 SEAO 3 I
Belgium 4571 18 HI 17 EUR 13 |
France 45.51 19 HI 18 EUR 14 |
Singapore 4538 20 HI 19 SEAO 4 ]
Czech Republic 44.53 21 HI 20 EUR 15 |
Austria 44.44 22 HI 21 EUR 16 _
(anada 44.00 23 HI 22 NAC 2 |
Japan 43.04 24 HI 23 SEAO 5 |
Hong Kong (China) 42.22 25 HI 24 SEAO 6 |
Norway 42.04 26 HI 25 EUR 17 I
Australia 41.28 27 HI 26 SEAO 7 |
Spain 4.1 28 HI 27 EUR 18 _
Cyprus 40.80 29 HI 28 NAWA 2 |
Hungary 4047 30 HI 29 EUR 19 |
Italy 40.28 31 HI 30 EUR 20 I
Portugal 39.85 32 HI 31 EUR 21 ||
Slovenia 38.95 33 HI 32 EUR b) —
Latvia 38.92 34 HI 33 EUR 23 |
Bulgaria 37.53 35 UM 2 EUR 24 |
Moldova, Rep. 37.21 36 LM 1 EUR 25 |
Turkey 35.52 37 um 3 NAWA 3 |
Slovakia 35.43 38 Hi 3 EUR 2% -
Malaysia 34.66 39 UM 4 SEAO 8 |
Ukraine 32.53 40 LM 2 EUR 27 |
Lithuania 32.34 4 HI 35 EUR 28 ]

Viet Nam 32.29 42 LM 3 SEAO 9 -
Armenia 31.89 43 M 4 NAWA 4 |
Costa Rica 31.87 44 UM 5 LCN 1 |
Romania 31.81 45 UM 6 EUR 29 |
Poland 31.73 46 HI 36 EUR 30 |
Russian Federation 3031 47 HI 37 EUR 31 -
Croatia 30.19 48 HI 38 EUR 32 |
Greece 30.09 49 HI 39 EUR 33 ]
Thailand 30.04 50 UM 7 SEAO 10 |
Mongolia 29.93 51 UM 8 SEAO 11 |
Montenegro 28.59 52 UM 9 EUR 34 |
Chile 28.57 53 HI 40 LCN 2 .
Saudi Arabia 28.51 54 HI 41 NAWA 5 |

TFYR of Macedonia 28.49 55 UM 10 EUR 35 ]
Kuwait 28.37 56 HI 4 NAWA 6 [
Lebanon 27.62 57 um n NAWA 7 |
Qatar 2688 58 Hi B NAWA 8 (|

India 26.73 59 LM 5 CSA 1 |
Georgia 26.71 60 LM 6 NAWA 9 ]
Panama 26.67 61 UM 12 LCN 3 |
Mexico 26.60 62 UM 13 LCN 4 -
Serbia 26.57 63 um 14 EUR 36 |
Philippines 26.43 64 LM 7 SEAO 12 I




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

Country/Economy Score (0-100) Rank Income Rank Region Rank Median: 26.35
Kenya 26.28 65 LM 8 SSF 1 |
Uruguay 26.22 66 HI 44 LCN 5 .
Bahrain 26.17 67 HI 45 NAWA 10 .
Mauritius 2597 68 UM 15 SSF 2 -
Tajikistan 25.74 69 LM 9 CSA 2 .
Morocco 25.58 70 M 10 NAWA n [
South Africa 25.58 n UM 16 SSF 3 |
Iran, Islamic Rep. 2533 n Um 17 A 3 -
Mozambique 2513 73 LI 1 SSF 4 ||
Colombia 2455 74 UM 18 LCN 6 |
United Arab Emirates 24.18 75 HI 46 NAWA 12 ||
Indonesia 24.10 76 M n SEAO 13 |
Jordan 24.06 77 UM 19 NAWA 13 |
Sri Lanka 2377 78 M 12 CSA 4 |
Brazil 23.65 79 UM 20 LCN 7 [ |
Tanzania, United Rep. 23.65 80 Ll 2 SSF 5 |
Cote d'Ivoire 2331 81 M 13 SSF 6 |
Dominican Republic 2331 82 UM 21 LCN 8 |
Malawi PERN 83 Ll 3 SSF 7 [ |
Tunisia 23.00 84 UM 22 NAWA 14 |
Ethiopia 2248 85 Ll 4 SSF 8 |
Oman 2232 86 HI 47 NAWA 15 |
Peru 21.84 87 UM 23 LCN 9 |
Paraguay 21.64 88 UM 24 LCN 10 |
Argentina 21.62 89 HI 48 LCN n |
Kazakhstan 2127 90 UM 25 CSA 5 |
Madagascar 2113 91 LI 5 SSF 9 |
Mali 21.02 92 Ll 6 SSE 10 |
Guatemala 2091 923 LM 14 LCN 12 |
Azerbaijan 20.88 94 UM 26 NAWA 16 |
(ambodia 20.82 95 Ll 7 SEAO 14 |
Senegal 20.81 9 LM 15 SSF n |
Ecuador 20.30 97 UM 27 LCN 13 |
Egypt 20.16 98 M 16 NAWA 17 |
Jamaica 19.98 9 UM 28 LCN 14 |
Ghana 19.94 100 LM 17 SSF 12 |
Namibia 19.83 101 UM 29 SSF 13 |
Bolivia, Plurinational St. 18.83 102 LM 18 LCN 15 [ |
Belarus 18.79 103 UM 30 EUR 37 |
Bosnia and Herzegovina 18.70 104 UM 31 EUR 38 |
Uganda 18.65 105 Ll 8 SSF 14 |
Honduras 18.56 106 M 19 LCN 16 |
Nigeria 18.50 107 LM 20 SSF 15 |
Pakistan 17.75 108 M 21 CSA 6 |
Kyrgyzstan 17.63 109 M 22 CSA 7 |
El Salvador 17.19 110 LM 23 LCN 17 |
Botswana 16.99 1 UM 32 SSF 16 |
Nepal 16.94 12 Ll 9 CSA 8 |
Cameroon 16.76 13 LM 24 SSF 17 |
Rwanda 16.53 14 L 10 SSF 18 |
Albania 16.24 115 UM 33 EUR 39 |
Algeria 16.13 116 UM 34 NAWA 18 |
Bangladesh 1571 17 M 25 CSA 9 |
Zambia 15.58 118 M 26 SSF 19 |
Venezuela, Bolivarian Rep. 14.12 119 HI 49 LCN 18 |
Nicaragua 13.35 120 M 27 LCN 19 ||
Benin 1333 121 L M SSF 20 ||
Bhutan 12.30 122 LM 28 CSA 10 |
Burundi 11.82 123 Ll 12 SSF 21 ||
Guinea 1130 124 L 13 SSF 22 |
Niger 10.80 125 Ll 14 SSF 23 |
Togo 9.73 126 Ll 15 SSF 24 |
Burkina Faso 9.31 127 L 16 SSF 25 | |
Yemen 743 128 LM 29 NAWA 19

Note: World Bank Income Group Classification (July 2015): 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; SEAQ = South East Asia, East Asia, and Oceania; NAWA = Northern Africa and Western Asia; SSF = Sub-Saharan Africa.
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The introduction of more accurate
innovation indicators this year helps
the USA’s upward momentum. The
USA keeps its top ranking in pillar
4, Market sophistication, and also
this year in each of its three sub-
pillars. In all other sub-pillars, the
USA ranks in the top 25 with just
four exceptions: Education (39th),
Tertiary education (50th), Ecological
sustainability (60th), and Intangible
assets (45th). At the indicator level,
the USA takes the top spot in 10
different indicators, including QS
university rankings, venture capital
deals, computer software spending,
and cultural and creative services
exports. In two new indicators—
global R&D companies and domes-
tic market scale—it ranks 2nd. This
year the country also ranks 2nd in
the quality of innovation compos-
ite indicator for the first time since
its introduction in 2013, although
this is largely the result of method-
ological considerations (see Box 4
on page 18). Box 5 on page 36
dives deeper into opportunities for
the USA.

Finland re-enters the top 5 in the
GII this year at 5th place. Its ranking
of 4th in the Innovation Input Sub-
Index can be partially attributed to
Finland’s place within the top 5 for
three of its pillars: Institutions (2nd),
Human capital and research (Ist), and
Business sophistication (4th). Nine of
Finland’s 16 relative strengths across
pillars, sub-pillars, and indicators
lie within Institutions and Human
capital and research. The country
takes the top spot in two indicators
here: rule oflaw and ease of resolving
insolvency. Finland’s performance as
part of the top 10 group relies on
16 of the 21 sub-pillars ranking in
the top 10, including Business envi-
ronment (Ist), Knowledge workers
(4th), Investment (8th), Innovation
linkages (7th), Knowledge creation
(8th), Knowledge diffusion (10th),

and Knowledge absorption (10th).
Improvement opportunities for
Finland are seen in Trade, com-
petition, and market scale (48th),
Knowledge impact (41st), Ecological
sustainability (31st), and Creative
goods and services (30th).

Singapore moves up one posi-
tion to 6th in this year’s GII, earning
the top rank in the South East Asia,
East Asia, and Oceania region. It also
earns the top spot in the Innovation
Input Sub-Index, led by its rank-
ing in the top 5 for all Input pillars
and 1st place in three input pillars:
Institutions, Infrastructure, and
Business sophistication. Singapore
maintains its rank of 20th in the
Innovation Output Sub-Index, mov-
ing up two spots in the Knowledge
and technology pillar to reach the
top 10. In addition to ranking 1st in
three pillars, Singapore also takes the
top spot in three sub-pillars: Political
environment, Regulatory environ-
ment, and Knowledge absorption.
At the indicator level, Singapore sees
relative stability across pillars, with
the most significant improvements
since 2015 in five indicators: expen-
diture on education (up 9 spots), ICT
services imports (up by 47 spots),
intellectual property receipts (up by
6 spots), ICT services exports (up by
11 spots), and trademarks by origin
(up by 11 spots).

Ireland is ranked 7th this year
after entering the top 20 in 2010 and
the top 10 in 2012. Ireland’s rank
rose this year in overall Innovation
Outputs (5th) and is perceived as a
more efficient economy in terms
of innovation, as captured by an
improved Innovation Efficiency
Ratio (8th). Ireland ranks in the top
20 across all pillars, with the great-
est improvement in Infrastructure
(19th). This is the result of a better
performance in gross capital forma-
tion, although this indicator remains
a relative weakness for the economy.

Conversely, Ireland sees its largest
drop in Market sophistication (19th);
this shift can be attributed to two
variables moving out of the top 25 in
that sub-pillar: ease of getting credit
and domestic credit to private sec-
tor, ranking now at 27th and 35th,
respectively.

8th in this
year’s GII, a spot it also held in

Denmark ranks

2014. Denmark’s improved posi-
tioning comes as it ranks in the
top 25 economies across all pillars.
At the sub-pillar level, Denmark
improves in Tertiary education
(17th), Investment (5th), Knowledge
absorption (32nd), and Intangible
assets (29th). It has also achieved a
spot in the top 25 economies in 15
of the 21 sub-pillars. Although the
country has a number of strengths
in both the input and output sides
of the GII, Denmark’s most notable
areas of opportunity are also in both
sub-indices: Trade, competition,
and market scale (36th), Knowledge
absorption (32nd), and Knowledge
impact (32nd).

The Netherlands has
ranked in the top 10 economies of
the GII since 2008, and the country
remains there in 2016 at 9th position.

been

However, in part because of method-
ological considerations (see below),
this year its ranking is affected by its
lower ranks on both the Innovation
Input Sub-Index (12th) and the
Innovation Output Sub-Index (9th).
The Netherlands achieves a top 25
ranking among all economies for
all pillars of the GII, with a better
ranking this year in Infrastructure
(12th) and Business sophistication
(9th). Conversely, the Netherlands’
performance falls at the pillarlevel in
Knowledge and technology outputs,
where it ranks 16th overall. This
change is mainly a consequence of
lower rankings in the Knowledge
diffusion sub-pillar (114th) and the
indicator FDI net outflows (118¢h).




The latter indicator, identified as
highly volatile in previous GII edi-
tions, partly drives the fall in the
ranking of the Netherlands. Also,
for some new variables—namely, IP
receipts and ICT services exports—
the Netherlands lacks data.
Germany rounds out the top 10
economies of the GII, moving into
this group for the first time since
2009. Germany’s ranking increases
are notable across five pillars:
Institutions (18th), Market sophisti-
cation (16th), Business sophistication
(15th), Knowledge and technology
outputs (8th), and Creative outputs
(7th). Germany shows stability in
its ranks in both the Innovation
Input Sub-Index (18th) and the
Output  Sub-Index
(8th), and improves in its Innovation
Efficiency Ratio (9th). Ranking in

the top 25 economies across all pil-

Innovation

lars, and in the top 10 economies for
both output pillars, Germany shows
improvements on the output side in
Knowledge impact (26th), Intangible
assets (8th), and Creative goods and
services (29th). In addition, specific
strengths at the indicator level on the
output side are behind the upward
drive that now has Germany among
the top 10. These include patents
by origin (1st), Citable documents
H index (3rd), industrial designs by
origin (5th), and country-code top-
level domains (1st).

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 USA, Finland,
the UK,
Denmark, Japan, and Canada. Hong

Sweden, Switzerland,

Kong (China), Japan, and Canada

are the only economies in this group
that are not also in the GII top 10.

Hong Kong (China) is ranked
14th in the GII overall, down from
11th in 2015. It ranks in the top
25 economies for all pillars except
for Knowledge and technology
outputs (30th). With particularly
high rankings in Institutions (4th),
Infrastructure (2nd), and Market
sophistication (2nd), Hong Kong
(China) has the second spot in the
Innovation Input Sub-Index. In 9
of the 15 Input sub-pillars, Hong
Kong (China) ranks in the top
10, with either stable or improved
rankings from 2015 in 14 of these
sub-pillars. In addition to improve-
ments in the Institutions pillar, its
top performance in Market sophis-
tication can be noted. This is where
most of the economy’s individual
strengths are identified—ease of
protecting minority investors, mar-
ket capitalization, total value of
stocks traded, and applied weighted
tariff are all ranked 1st. Conversely,
despite improving in rank in two
indicators in the Education sub-
pillar, expenditure on education
(89th) and government expenditure
on education per pupil (60th) are
both relative areas of opportunity
for improvement. The introduction
of new indicators is also a factor to
consider when assessing Hong Kong
(China)’s drop from the top 10 this
year (see Annex 2).

Japan moves up three spots in
the Innovation Input Sub-Index to
9th and up three spots in its over-
all GII ranking to 16th. Ranking
in the top 15 economies for all
five input pillars, Japan improved
most in Market sophistication (8th)
and Business sophistication (10th).
Within Market sophistication, Japan
shows progress in market capital-
ization (13th) and total value of
stocks traded (4th). Within Business
sophistication, Japan improves in

ICT services imports (49th) and
in overall Knowledge absorption
(11th). Other areas of strength for
Japan on the input side include
Research and development (2nd),
ICTs (4th), and Trade, competition,
and market scale (2nd).

Canada remains in the top 10
in the Innovation Input Sub-Index,
ranking 10th in the sub-index and
15th overall, up one position from
2015 (see Box 5 on page 36 for
more details on Canada). Canada’s
strengths on the input side come
from having top 25 rankings in each
of its pillars. Canada shows particu-
lar strengths in Institutions (6th) and
Market sophistication (3rd). At the
sub-pillar level, Canada performs
at relative levels of strength and
within the top 10 overall economy
rankings in Political environment
(8th), Business environment (2nd),
General infrastructure (4th), Credit
(8th), and Investment (4th).

The top 10 in the Innovation Output Sub-
Index
The Innovation Output Sub-Index
variables provide information on
elements that are the result of inno-
vation within an economy. Although
scores on the Input and Output
Sub-Indices might differ substan-
tially, 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 better innovation
outputs. The top 10 economies in
the Innovation Output Sub-Index
this year are Switzerland, Sweden,
Luxembourg, the UK, Ireland,
Iceland, the USA, Germany, the
Netherlands, and Finland.

The 10 economies leading the
Output  Sub-Index

remain consistent with their rank-

Innovation

ing in 2015, with several shifts: four
economies move upward in ranking
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within the top 10 (Sweden, the UK,
Ireland, and the USA), while two
economies move downward in rank-
ing within the top 10 (Luxembourg,
the Netherlands). Eight of these
economies are already in the GII
top 10; the profiles of the other two
economies are discussed below.

Luxembourg ranks 3rd in the
Innovation Output Sub-Index in
2016 and 12th in the overall GII. On
the output side, Luxembourg comes
in 11th in Knowledge and technol-
ogy outputs and 2nd in Creative
outputs, improving and maintaining
its position from 2015, respectively.
Luxembourg ranks among the
top five economies in four of the
six output sub-pillars: Knowledge
diffusion (5th), Intangible assets
(1st), Creative goods and services
(10th), and Online creativity (3rd);
it ranks 1st in five indicators: PCT
patent applications, FDI net out-
flows, cultural and creative services
exports, national feature films, and
generic top-level domains (TLDs).
Luxembourg also achieves the top
position in the Innovation Efficiency
Ratio rankings while maintaining
the second-highest GDP per capita
(PPP$ GDP) of all GII 2016 econo-
mies (after Qatar).

Iceland ranks 6th in the
Innovation Output-Sub Index in
2016 and 13th in the GII overall,
maintaining its GII 2015 position-
ing in both. Although Iceland ranks
24th in the Innovation Input Sub-
Index, down one spot from 2015, on
the output side this year it shows its
strength in its Ist place in Creative
outputs, the same rank it held last
year. Within this pillar, Iceland
holds the top spot in two of its sub-
pillars: Creative goods and services
and Online creativity, while ranking
1st in four of its indicators: national
feature films, printing and publish-
ing manufactures, generic top-level
domains (TLDs), and Wikipedia

edits. Within the Knowledge and
technology outputs pillar (22nd),
Iceland ranks 1Ist in scientific and
technical articles, while exhibiting
opportunities for growth in its lower
rankings in growth rate of GDP
per worker (84th) and high- and
medium-high-tech manufactures
(85th).

Top performers by income group

Viewing economies among their
income-group peers can illustrate
important relative competitive
advantages and help decision makers
glean important lessons for improved
performance that are applicable on
the ground. The GII also assesses
results relative to the development
stages of countries.

Table 4 shows the 10 best-ranked
economies in each index by income
group. The top 24 positions in the
GII are taken by high-income econ-
omies, a shift from 2015 as China
(now in the upper-middle-income
group) moves into the top 25 group
in the GII (see Box 3 on page 10).

Switzerland, Sweden, and the
UK are among the high-income
top 10 on the three main indices,
while Switzerland and Sweden are
also in the top 10 in the Innovation
Efficiency Ratio. Hungary, now in
the high-income group, shows rank
improvements across all three main
indices, as well as in the Innovation
Efficiency Ratio, where it is now
among the top 10 ranked economies.

Among the 10 highest-ranked
upper-middle-income economies,
eight remain from 2015: China
(25th this year), Malaysia (35th),
Bulgaria (38th), Costa Rica (45th),
Romania (48th), Montenegro (51st),
Thailand (52nd), and Mauritius
(53rd). Newcomers to this group of
the 10 best upper-middle-income
performers include Turkey (42nd)
and South Africa (54th), which

displace Belarus (79th) and TFYR
of Macedonia (58th).

China, Malaysia, Bulgaria, Costa
Rica, Romania, and Montenegro
are among the 10 best-ranked upper-
middle-income economies across
all three main indices; of these, all
except Malaysia and Montenegro
also make it to the upper-middle-
income top 10 in the Innovation
Efficiency Ratio.

The same analysis for lower-
middle-income countries shows
that eight of the top 10 countries
from 2015 remain in the top 10 this
year. These include the Republic
of Moldova (46th), Ukraine (56th),
Viet Nam (59th), Armenia (60th),
Georgia (64th), India (66th),
Morocco (72nd), and the Philippines
(74th). New this year to the top 10
lower-middle-income countries are
Kenya (80th) and Tajikistan (86th),
which displace Sri Lanka (91st) and
Senegal (106th). All of the top 10
lower-middle-income  countries
have rankings in the top 10 for
each of the three indices with the
exceptions of Kenya and Tajikistan;
the Republic of Moldova, Viet
Nam, Ukraine, Armenia, and the
Philippines also make it to the
lower-middle-income top 10 in the
Innovation Efficiency Ratio.

There has also been a strong con-
sistency among low-income coun-
tries, with nine out of 10 economies
remaining in the top 10. Rwanda is
the top-ranked low-income country
(83rd), having moved up 11 spots
in the overall GII since 2015, and
with ranking improvements in the
Innovation Input-Sub-Index (55th),
Output  Sub-Index
(114th), and Innovation Efficiency
Ratio (123rd). This last ranking,
however, is still identified as a weak-

Innovation

ness for that country. Following in
the ranking of low-income countries
are Mozambique (84th), Cambodia
(95th), Malawi (98th), Uganda




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 (49 in total)

1 Switzerland (1) Singapore (1) Switzerland (1) Luxembourg (1)
2 Sweden (2) Hong Kong (China) (2) Sweden (2) Malta (2)
3 United Kingdom (3) United States of America (3) Luxembourg (3) Iceland (3)
4 United States of America (4) Finland (4) United Kingdom (4) Switzerland (5)
5 Finland (5) Sweden (5) Ireland (5) Estonia (6)
6 Singapore (6) Switzerland (6) Iceland (6) Ireland (8)
7 Ireland (7) United Kingdom (7) United States of America (7) Germany (9)
8 Denmark (8) Denmark (8) Germany (8) Sweden (10)
9 Netherlands (9) Japan (9) Netherlands (9) United Kingdom (14)
10 Germany (10) Canada (10) Finland (10) Hungary (17)
Upper-middle-income economies (34 in total)
1 China (25) China (29) China (15) China (7)
2 Malaysia (35) Malaysia (32) Bulgaria (35) Turkey (13)
3 Bulgaria (38) Montenegro (46) Turkey (37) Bulgaria (16)
4 Turkey (42) South Africa (47) Malaysia (39) Lebanon (41)
5 Costa Rica (45) Mauritius (48) Costa Rica (44) Romania (46)
6 Romania (48) Bulgaria (49) Romania (45) Mongolia (47)
7 Montenegro (51) Costa Rica (50) Thailand (50) Costa Rica (50)
8 Thailand (52) Romania (52) Mongolia (51) Iran, Islamic Rep. (51)
9 Mauritius (53) Colombia (53) Montenegro (52) Thailand (53)
10 South Africa (54) Peru (56) TFYR of Macedonia (55) TFYR of Macedonia (56)
Lower-middle-income economies (29 in total)
1 Moldova, Rep. (46) Bhutan (54) Moldova, Rep. (36) Moldova, Rep. (4)
2 Ukraine (56) Georgia (67) Ukraine (40) Viet Nam (11)
3 Viet Nam (59) India (72) Viet Nam (42) Ukraine (12)
4 Armenia (60) Moldova, Rep. (74) Armenia (43) Armenia (15)
5 Georgia (64) Morocco (75) India (59) (ote d'lvoire (19)
6 India (66) Ukraine (76) Georgia (60) Tajikistan (29)
7 Morocco (72) Viet Nam (79) Philippines (64) Kenya (30)
8 Philippines (74) Armenia (80) Kenya (65) Philippines (49)
9 Kenya (80) Philippines (86) Tajikistan (69) Indonesia (52)
10 Tajikistan (86) El Salvador (89) Morocco (70) Sri Lanka (54)
Low-income economies (16 in total)
1 Rwanda (83) Rwanda (55) Mozambique (73) Ethiopia (18)
2 Mozambique (84) Uganda (91) Tanzania, United Rep. (80) Tanzania, United Rep. (22)
3 Cambodia (95) Cambodia (94) Malawi (83) Madagascar (35)
4 Malawi (98) Mozambique (96) Ethiopia (85) Mali (37)
5 Uganda (99) Burkina Faso (105) Madagascar (91) Malawi (38)
6 Tanzania, United Rep. (105) Malawi (110) Mali (92) Mozambique (45)
7 Ethiopia (110) Benin (111) Cambodia (95) Cambodia (90)
8 Madagascar (111) Niger (113) Uganda (105) Nepal (94)
9 Mali (112) Burundi (114) Nepal (112) Uganda (106)
10 Nepal (115) Nepal (116) Rwanda (114) Guinea (112)

Note: Economies with top 10 positions in the Gl, the Input Sub-Index, and the Output Sub-Index within their income group are highlighted in bold.
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Table 5: Innovation achievers and their
income groups and regions

Economy Income group Region
Moldova, Rep. Lower-middle EUR
Mozambique Low income SSF
Rwanda Low income SSF
Viet Nam Lower-middle SEAO
Malawi Low income SSF
Tajikistan Lower-middle CSA
Kenya Lower-middle SSF
Ukraine Lower-middle EUR
India Lower-middle CSA
Uganda Low income SSF
Czech Republic High income EUR
Armenia Lower-middle NAWA
Malta High income EUR
Madagascar Low income SSF
Portugal High income EUR

Note: These countries appear 10% or more above the trend line and
are listed here in order of distance.

Regions are based on the United Nations Classification: EUR = Europe;
NAC = Northern America; LCN = Latin America and the Caribbean;
(SA = Central and Southern Asia; SEAO = South East Asia, East Asia,
and Oceania; NAWA = Northern Africa and Western Asia;

SSF = Sub-Saharan Africa.

(99th), the United Republic of
Tanzania (105th), Ethiopia (110th),
Madagascar (111th), Mali (112th),
and Nepal (115th), which displaces
Burkina Faso (122nd). Ranking well
across all main indices of the GII,
Rwanda, Mozambique, Cambodia,
Malawi, Uganda, and Nepal are
among the top 10 low-income coun-
tries. Of these, all except Rwanda
are in the low-income top 10 in the

Innovation Efficiency Ratio.

Maximizing innovation resources and
synergies: The Innovation Efficiency Ratio
The Innovation Efficiency Ratio
is calculated as the ratio of the
Output Sub-Index score over the
Input Sub-Index score. It assesses
the effectiveness of innovation sys-
tems and policies. It must be noted,
however, that economies might also
reach a relatively high Innovation
Efficiency Ratio as a result of par-
ticularly low input scores. Because

of this, efficiency ratios must be
analysed jointly with GII, Input, and
Output scores, and with the devel-
opment stages of the economies in
mind.

The 10 countries with the high-
est Innovation Efficiency Ratios are
countries that combine certain lev-
els of innovation inputs with more
robust output results (see Table 1 on
page 20): Luxembourg, Malta,
Iceland, the Republic of Moldova,
Switzerland, Estonia, China, Ireland,
Germany, and Sweden. Eight of the
top 10 most efficient economies are
high-income economies.

As in 2015, economies from
Europe, South East Asia, East Asia,
and Oceania, Northern Africa and
Western Asia, and Sub-Saharan
Africa take up the first 20 positions
in this ratio ranking.

Among upper-middle-income
economies, only China is in the top
10 in terms of efficiency; China also
ranks in the top 15 in the Innovation
Output Sub-Index, surmounting
its relatively lower ranking in the
Innovation Input Sub-Index. Within
the upper-middle-income group,
47.1% of economies rank higher in
outputs than they do in inputs.

Among lower-middle-income
economies, only the Republic of
Moldova is in the top 10 in terms
of efficiency; the Republic of
Moldova also ranks at the top of
lower-middle-income economies
in the Innovation Output Sub-
Index (36th). Additionally, Viet
Nam, Ukraine, Armenia, and Cote
d’Ivoire rank in the group of the top
20 economies globally in terms of
innovation efficiency. Within the
lower-middle-income group, 75.9%
of economies rank higher in outputs
than they do in inputs. No low-
income economies are in the top
10 this year in innovation efficiency

rankings.

Clustering leaders, innovation achievers,
and underperformers: The Gll bubble chart
The GII helps also identify econo-
mies that over- or underperform on
innovation relative to their level of
development. Figure 4 on page 32
illustrates the findings by presenting
the GII scores plotted against GDP
per capita in PPP$ (in natural logs).
The economies that appear close to
the trend line show results that are
in accordance with what is expected
based on their level of development.
The further up and above the trend
line an economy appears, the bet-
ter its innovation performance is
when compared with that of its
peers at the same stage of develop-
ment. Light-coloured bubbles in the
figure correspond to the efficient
innovators (a majority of them are
situated above the trend line), while
the dark-coloured bubbles represent
those countries in the lower half of
the Innovation Efficiency Ratio.

Among the innovation leaders
we find the top 25 countries that,
with two exceptions—China is now
in and the Czech Republic is out—
are the same economies as in 2015.
A majority of economies in this cat-
egory are in the high-income group
and located in Europe or South East
Asia, East Asia, and Oceania. All
of these economies also have a GII
score above 50.* These all show solid
innovation systems where invest-
ments in human capital prosper in
stable innovation infrastructures to
create the highest levels of innova-
tion outputs globally.

Economies that perform at least
10 percent higher than their peers for
their level of GDP are called ‘inno-
vation achievers’. These economies
are shown in Table 5. Innovation
achievers demonstrate better results
in innovation because they continu-
ously make improvements to their
institutional framework, have a set of

highly skilled workers who operate




Table 6: Heatmap for Gll top 10 economies and regional and income group averages (1-100)

Country/Economy S

Switzerland

Sweden

United Kingdom

United States of America

Finland

Singapore

Ireland

Denmark

Netherlands

Germany

Average 36.73

Region

Northern America

Europe

South East Asia, East Asia, and Oceania

Northern Africa and Western Asia

Latin America and the Caribbean

Central and Southern Asia 21.73

Sub-Saharan Africa 25.56

Income level

High income

Upper-middle income

Lower-middle income 27.87

Low income 2415

Worst

Market sophistication
Business sophistication

Institutions
Human capital
and research
Infrastructure

Input

Knowldege and
technology outputs
Creative outputs
Output

Efficiency

31.62 29.60 0.66

26.29

24.83 35.02 25.78 35.15 19.92 20.71 2032 0.59
17.98 2821 35.92 27.56 3242 18.41 19.00 18.70 0.58

s 56.26

21.75 33.12 25.88 33.88 21.01 2.1 21.86 0.64
16.40 2574 3334 29.95 31.06 17.74 16.73 17.23 0.56

Average

Best

Note: Darker shadings indicate better performances. Countries/economies are classified according to the World Bank Income Group and the United Nations Regional Classifications (July 2015 and October 2013, respectively).

in more stable innovation systems,
show a better integration with inter-
national markets, and display more
solid channels of knowledge absorp-
tion. These traits result in higher
economic growth rates per worker
and in more sophisticated local busi-
ness communities that are attractive
for foreign investment. Yet prog-

ress on these dimensions is still not

uniform across their economies.*
The number of innovation achiever
countries—a total of 15—is smaller
this year than it was in previous
editions. This is the result of hav-
ing fewer countries covered by the
GII this year, resulting from stricter
minimum data requirement.”” If the
less strict data coverage rule from
last year were applied this year, the

total number of innovation achievers
would increase to 24 and include the
following economies (listed in order
of distance to the trend): Mongolia,
Georgia, Bulgaria, the Philippines,
the United Republic of Tanzania,
Latvia, Hungary, Morocco,
Cambodia, and Malaysia.

In either case, the majority of

countries in this category would still
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Figure 4: Gll scores and GDP per capita in PPP$ (bubbles sized by population)
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Note: ‘Efficient innovators’ are countries/economies with Innovation Efficiency ratios > 0.66; ‘Inefficient innovators” have ratios < 0.66; the trend line is a polynomial of degree three with intercept (R* = 0.661).




Figure 4: Gll scores and GDP per capita in PPP$ (bubbles sized by population): 1S0-2 Country Codes

Code Country Code Country Code Country
AL Albania GR Greece NG Nigeria
DZ Algeria GT G | NO. Norway
AR Argentina GN Guinea oM Oman
AM Armenia HN Honduras PK Pakistan
AU Australia HK Hong Kong (China) PA Panama
AT, Austria HU Hungary PY Paraguay
AZ Azerbaijan 1S Iceland PE Peru
BH Bahrain IN India PH Philippines
BD Bangladesh D Indonesia PL Poland
BY Belarus R Iran, Islamic Rep. PT Portugal
BE Belgium IE Ireland QA Qatar
BJ Benin IL Israel RO Romania
BT Bhutan IT Italy RU Russian Fed
3 ———— . 11| N o [1{1 (TN M Jamaica RW Rwanda
BA.ovrrvrrrrrrerrensssssssssssssssssssssssnnnnnnnn: BOSNIA and Herzegovina P Japan SA Saudi Arabia
BW Botswana Jo Jordan SN Senegal
BR Brazil Kz Kazakhstan RS Serbia
BG Bulgaria KE Kenya SG Singapore
BF Burkina Faso KR Korea, Rep. SK Slovakia
BI Burundi kw Kuwait SI Slovenia
KH Cambodia Ka Kyrgyzstan ZA South Africa
M Cameroon Lv Latvia ES Spain
(A Canada LB Lebanon LK. Sri Lanka
d Chile T Lithuania SE Sweden
N China L Luxembourg CH Switzerland
© Colombia MG Madagascar T Tajikistan
R Costa Rica MW Malawi TZ Tanzania, United Rep.
a (Cote d'Ivoire MY Malaysia TH Thailand
HR Croatia ML Mali MK TFYR of Macedonia
Y Cyprus MT. Malta TG Togo
Z Czech Republic MU Mauritius ™ Tunisia
DK Denmark MX Mexico TR Turkey
DO Dominican Republic MD Moldova, Rep. UG Uganda
EC Ecuador MN Mongolia UA Ukraine
G Egypt ME M qgro AE United Arab Emirates
SV El Salvador MA Morocco GB United Kingdom
EE Estonia Mz Mozambique Us... revressesnennens United States of America
ET Ethiopia NA Namibia Uy Uruguay
Fl Finland NP Nepal VE... revvesnesnennnnnVENEZUEL, Bolivarian Rep.
FR France NL Netherlands WN Viet Nam
GE Georgia NZ New Zealand YE Yemen
DE G NI Nicaragua M Zambia
GH Ghana NE Niger
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consist of middle- and low-income
economies and would still mostly be
situated in Sub-Saharan Africa and
the eastern region of Europe.
There is also a group of econo-
mies that perform at least 10 per-
cent below their peers for their
level of GDP. This cluster includes
36 countries from different regions
and income groups. Nine of these
are from the high-income group (7
high-income economies are from
the Middle East), 13 are from the
upper-middle income group, 12 are
lower-middle economies, and 2 are

low-income economies.

Regional rankings
This section discusses regional and
sub-regional trends, with snapshots
for some of the economies leading
in the rankings. This year vari-
ous notable changes occur in these
regional GII rankings, in part as a
result of changed performance or
methodological considerations (see
Annex 2).

Table 6 on page 31 presents
a heatmap with the scores for the
top 10, along with average scores
by income and regional group. To
put the discussion of rankings fur-
ther into perspective, Figure 5 on
page 35 presents, for each region,
bars representing the median pillar
scores (second quartile) as well as
the range of scores determined by
the first and third quartile; regions
are presented in decreasing order of
their average GII rankings (except
for the EU, which is placed at the
end).

Northern America (2 economies)

Northern America, the UN-defined
region that includes both the USA
and Canada, holds two of the top 15
rankings in this year’s GII. Both the
USA and Canada are high-income
economies and rank in the top 10

economies in terms of GDP. The
USA ranks 4th overall this year, up
one position from 2015, and is in
the top 10 economies in both the
Innovation Input Sub-Index (3rd)
and the Innovation Output Sub-
Index (7th). Canada is 15th overall,
having also moved up one spot from
2015, and is in the top 25 economies
in the Innovation Input Sub-Index
(10th) and the Innovation Output
Sub-Index (23rd).

For more details on the innova-
tion environment of the USA and
Canada, see Box 5 on page 36.

Sub-Saharan Africa: Preserving the
innovation momentum in one of the most
promising regions (25 economies)

For several editions, the GII has
noted that the Sub-Saharan Africa
region performs well on the innova-
tion front. Since 2012, Sub-Saharan
Africa has had more countries
among the group of innovation
achievers than any other region. As
economic slowdown occurs, it will
be important for Africa to preserve
its current innovation momentum
(see Box 6 on page 38).

Similar to 2015, there are nine
economies that rank in this year’s
top 100 economies in the GII:
Mauritius takes the top spot among
all economies in the region (53rd),
followed by South Africa (54th),
(80th), Rwanda (83rd),
Mozambique (84th), Botswana
(90th), Namibia (93rd), Malawi
(98th), and Uganda (99th). All of

these economies remained either at

Kenya

stable or improved GII rankings in
relation to their 2015 rankings, with
the exception of Mauritius, which
drops four spots this year.

The remaining 16 economies in
this region can be found at the bot-
tom of the rankings (100 or lower).
Eleven of them have improved since
2015: Ghana (102nd), the United
Republic of Tanzania (105th), Cote

d’Ivoire (108th), Ethiopia (110th),
Madagascar (111th), Nigeria (114th),
Benin (unranked in 2015, this year
121st), Burundi (123rd), Niger
(124th), Togo (126th), and Guinea
(127th). See Box 6 on page 38 for
more details.

Latin America and the Caribbean: A region
with untapped innovation potential but
important risks in the near-term (19
economies)
In the last few GII editions, Latin
America was labelled as a region
with important untapped innova-
tion potential. Although significant
potential exists, the GII rankings
of local countries, relative to other
regions, have not steadily improved.
Furthermore, none of the economies
in the region has recently been an
innovation achiever, with perfor-
mance higher than expected by its
GDP. Still, a few economies—such
as Chile, Colombia, and Mexico—
stood out among their peers; the
important role of Brazil and the
emergent role of Peru and Uruguay
were noted in past GII editions.
And, this year, Chile, Colombia,
Costa Rica, Mexico, and Uruguay
achieve the best regional GII ranks.
Clearly, most if not all countries
in Latin America and the Caribbean,
particularly their local governments,
firms, and other actors, continue to
have the innovation agenda firmly on
their radar. This is unlikely to come
to a sudden halt anytime soon. Yet,
as Latin America and the Caribbean,
especially Brazil, has entered into a
zone of considerable economic turbu-
lence, it will be important to overcome
short-term political and economic
constraints and to cling to longer-term
innovation commitments and results.
Greater regional R&D and innovation
cooperation in Latin America and the
Caribbean might indeed help in this
process, as underlined in this year’s GII
theme.




Figure 5: Median scores by regional group and by pillar
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Box 5: Northern America: The USA and Canada on different innovation pathways?

Northern America is home to two large
high-income economies, the United States
of America (USA) and Canada. Although
both economies have achieved top scores
this year, these two countries have been
experiencing different innovation dynamics
over recent years.

Ranked 4th in the Gl overall rankings
and number 2 on innovation quality," the
USA continues to be one of the leading
innovation nations. It has prominent posi-
tions among the top 25 countries in all GlI
pillars and 17 of the 21 sub-pillars. It comes
in 1st on the Credit, Investment, and Trade,
competition, and market scale sub-pillars
and scores among the top 10 on six of the
other sub-pillars The USA also continues to
be the highest performer of R&D worldwide,
accounting for close to 27% of the world
total in 2014 according to our estimates?
US total R&D spending is projected to
increase by 4.2 percent in 2017.* Although
US businesses are responsible for 70% of
R&D spending, its government continues
to play a substantial role in performing and
financing R&D, driving one of the highest
levels of basic R&D globally’ The quality of
its innovation system is frequently demon-
strated by its top scores in the quality of its
universities and the quality of its scientific
publications (see Box 4). It also boasts a
high degree of market sophistication and
its innovation clusters, in particular those
on the East and West Coasts of the country,
continue to be a magnet for top talent and
a critical source of technological and non-
technological innovation.

Still, the USA’s lead in innovation is nar-
rowing in terms of the absolute levels of key
innovation input and output metrics alone.
With fast growth in its R&D expenditure,
China accounted for about 21% of global
R&D spending in 2014, second only to the
USA. Studies note that China is also catching
up rapidly in the number of researchers and
the absolute number of scientific publica-
tions.® The same is true for output indicators
such as patents by origin, where the USA's
lead is tightening.

Of course absolute spending or abso-
lute figures on publications do not guaran-
tee a successful innovation system, which
remains unparalleled in the USA, thanks
to its thriving market sophistication and
business sector and its solid ties between
research and firms. Other countries will
continue to benchmark their innovation
systems against the USA’s system, with its
success stories, for years to come.

Nonetheless, the USA also exhibits
some structural weaknesses; education (it
ranks 39th, far below its overall rank of 4th on
the Gll) and tertiary education (ranks 50th)
continue to be relatively weaker spots. On
tertiary education, the number of graduates
in science and engineering, (ranked 85th) is
low; this has been a source of concern for
some time. The USA's performance on the
PISA assessment (ranked 25th) is less alarm-
ing but also lower than the average of top 10
innovating economies (see Figure 5.1). More
broadly, the USA faces a productivity and
investment weakness, reflected in its low
score in gross fixed capital formation and
labor productivity (see Figure 5.1).

Canada also continues to be among
the top 25 innovation leaders. Now standing
at rank 15 with top 25 scores in all leading
pillars and 13 of the 21 sub-pillars, it has a
clear lead in having one of the most con-
ducive business and investment climates
worldwide and ranks in the top 10 in seven
sub-pillars.” It ranks favourably in terms of
innovation quality, boasting a world-class
university network and top-quality scientific
publications.

On average, however, Canada’s Gll rank-
ings have declined in recent years. Partly as
a result of methodological changes to the
Gl model and partly because of its rela-
tively weak performance, Canada dropped
out of the top 10 in 2011; the country
also shows weaknesses in its education
indicators. Looking at human capital and
research, Canadian R&D expenditures have
been on a different trajectory than those
of the USA. Specifically, the growth of its
R&D expenditures has been on a downward

trend since 20012 Where business R&D in
the USA is increasing at a much faster pace
than government R&D, dynamics in Canada
are the reverse (see Figure 5.2). So far, earlier
government attempts to revive R&D by
providing tax support have not translated
into more business R&D.? In terms of the
government’s education expenditure per
pupil, Canada ranks 64th; the average rank of
top 10 innovating economies (excluding the
USA) is 33 in this indicator. Other weaknesses
include new businesses creation, ICT ser-
vices imports, and gross capital formation.

Figure 5.1 compares the 2016 Gll scores
of the USA, Canada, and the average scores
of top 10 Gll innovating economies (without
the USA) on key innovation input and output
indicators. Although the USA and Canada
each lead in some areas, in several variables
they perform worse than the top 10 average.
Some of these variables are government
expenditure/pupil, secondary; knowledge-
intensive employment; and high-tech and
medium-high tech output.

For both the USA and Canada to grow
as innovation leaders they need not only
to overcome their weaknesses but also to
reinforce their education and research base.
Canada, for instance, plans to counteract its
relative decline and increase its investments
ininfrastructure, extend its research capacity,
provide a stimulating environment for cre-
ative and entrepreneurial firms, and invest in
its universities and research hospitals. It pro-
poses, over next four years, to provide sup-
port for innovation clusters and networks
across the country.® As global innovation
leaders, the direction of innovation policies
that governments adopt will determine the
synergies that these two economies can
harness to maintain Northern America as a

key global innovation hub.

Notes

Notes for this box appear at the end of the chapter.




Box 5: Northern America: The USA and Canada on different innovation pathways? (continued)

Figure 5.1: The United States of America, Canada, and top 10 average (excluding the USA) scores
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Figure 5.2: The United States of America and Canada: Public and private R&D spending, 2008-14
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Box 6: Sub-Saharan Africa: Preserving the innovation momentum in one of the most promising regions

For several editions, the Gll has noted that
the Sub-Saharan Africa region performs
well on the innovation front. Since 2012,
Sub-Saharan Africa has had more countries
among the group of innovation achievers
than any other region.' Noted improvements
in the Institutions, Business sophistication,
and Knowledge and technology output
pillars have allowed the region as a whole
to catch up to Central and Southern Asia in
these factors, and even to overtake Northern
Africa and Western Asia in Business sophisti-
cation. The drivers of growth that have been
at play in the region have come mostly from
an improved institutions, a better business
environment, and explicit efforts on the part
of science and innovation policy.

Assisted by economies suchasMauritius,
South Africa, Rwanda, and Botswana, Sub-
Saharan Africa this year has its highest scores
in the Institutions and Market sophistication
pillars. These countries perform on par or
above their peers in South East Asia, East
Asia, and Oceania and Europe in some of

these pillars. In addition to developments in
Business sophistication, efforts to improve
infrastructure have translated into a higher
regional score in this pillar. Larger econo-
mies, such as Botswana and Namibia, are
helping promote this expansion through
stronger performances in general infrastruc-
ture and ecological sustainability. These,
among other positive efforts, can be high-
lighted as factors that are helping to keep
the region’s overall innovation momentum
alive, albeit with economic and GDP growth
slowing in the region over the last year.
This box benchmarks the regional
innovation performance of Sub-Saharan
Africa countries by taking into account
both the overall Gl scores and those of the
seven individual GllI pillars. Countries are
termed ‘innovation achievers’ and said to
outperform their peers if their Gll scores are
higher than expected based on their level
of economic development (as measured by
GDP per capita)> Countries also have the
opportunity to be ‘pillar outperformers’ if

Figure 6.1: Innovation achievers in Sub-Saharan Africa
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they outperform their peers on four or more
of the seven Gll pillars. Countries that meet
both of these benchmarks are referred to as
‘innovation outperformers'.

Although the number of countries
considered in the Gl decreased in 2016,
affecting the total of those identified as
innovation achievers, the Sub-Saharan Africa
region continues to lead in this metric.
Figure 6.1 shows the performance of all
25 economies in the Sub-Saharan Africa
region included in the Gll 2016. This year,
a total of six economies from this region—
Mozambique, Rwanda, Malawi, Kenya,
Uganda, and Madagascar, representing 40%
of all innovation achievers—perform better
than their level of development would pre-
dict (see Figure 6.1 for details). The innova-
tion achiever economies, shown in black, are
located above the upper bound and farthest
from the trend line. A total of 13 economies
are identified as performing at their level of
development, while the last 6 are perform-
ing below development?

O Innovation achiever

©  Performing at level of development
Performing below level of development

= = Upper bound

= = Trend line

= = Lower bound

Note: BDI = Burundi; BEN = Benin; BFA = Burkina Faso; BWA = Botswana; CIV = Cote d'Ivoire; CMR = Cameroon; ETH = Ethiopia; GHA = Ghana; GIN = Guinea; KEN = Kenya; MDG = Madagascar; MLI = Mali; MOZ = Mozambique;
MUS = Mauritius; MWI = Malawi; NAM = Namibia; NER = Niger; NGA = Nigeria; RWA = Rwanda; SEN = Senegal; TG0 = Togo; TZA = Tanzania, United Republic of; UGA = Uganda; ZAF = South Africa; ZMB = Zambia.




Box 6: Sub-Saharan Africa: Preserving the innovation momentum in one of the most promising regions (continued)

Importantly, Kenya, Mozambique,
Malawi, Rwanda, and Uganda stand out
for being innovation achievers at least
four times in the past five years. Kenya, the
chief innovation achiever in the region,
has been credited as such every year since
2011, including in 2016. Likewise, these five
economies, along with South Africa, Niger,
and Mauritius, outperform their peers in
more than half of the seven Gll pillars in 2016.
Most of these economies are more likely to
outperform in Business sophistication and
less likely to do so in either Human capi-
tal and research or Infrastructure. Uganda
outperforms in all seven pillars, followed
by Rwanda and Mozambique, which do so
in six. South Africa and Kenya outperform
in five, while Mauritius, Malawi, and Niger
outperform in only four.

This year the five innovation achievers
mentioned above, plus Burkina Faso, are
labeled as innovation outperformers within
the Sub-Saharan Africa region. Table 6.1

shows the full list of achievers and outper-
formers in this region.

Yet the relatively strong performance in
innovation in the region is neither uniform
across all economies nor is future success
guaranteed. Economic forecasts, such as that
of the International Monetary Fund, suggest
that, after a prolonged period of strong eco-
nomic growth, Sub-Saharan Africa will face
an economic slowdown, partly as a result
of a sharp decline in commodity prices.*
[t is notable that in some oil-importing
African nations—particularly some in East
Africa, such as Kenya and Rwanda—stand
out as innovation achievers. As these and
other innovation achievers noted above get
caught up in a greater economic slowdown,
it will be important for them to preserve their
current innovation momentum.

Other countries in Sub-Saharan Africa
have to redouble their innovation efforts in
order to grow and move away from relying
on oil and commodity revenues alone.

Notes

1 In 2011, most innovation achievers were located
in the South East Asia, East Asia, and Oceania
region. In 2012 and 2013, Europe and Sub-
Saharan Africa shared the same number of inno-
vation achievers, six and four, respectively.

2 Fora country to be labeled an ‘innovation out-
performer’it has to be identified as an ‘innova-
tion achiever’and it must also score above its
income group average in four or more Gll pillars
for two or more years, including the two most
recent—2014 and 2015. In 2016, 15 economies
were identified as innovation outperformers. See
Chapter 2 in Gl 2015 on the theme ‘Effective
Innovation Policies for Development’ for more
details.

3 The general trend line is defined by the scores
and economic development level of all countries
considered in the Gll. The threshold bounds are
defined as 10% above and 10% below the scores
defined by trend line (see Box 2 in Chapter 2 of
the GlI 2015 for more details).

4 IMF, 2016¢.

Source
IMF, 2016c.

Table 6.1: Sub-Saharan Africa: Innovation achievers, pillar outperformers, and innovation outperformers, 2011-16

Economy Income group Years as an innovation achiever Years as a pillar outperformer Innovation outperformer
Kenya Lower-middle income 2016, 2015, 2014, 2013, 2012, 2011 (6) 2016, 2015, 2014, 2013, 2012, 2011 (6) Yes
Rwanda Low income 2016, 2015, 2014, 2012 (4) 2016, 2015, 2014, 2012 (4) Yes
Mozambique Low income 2016, 2015, 2014, 2012 (4) 2016, 2015, 2014, 2012 (4) Yes
Malawi Low income 2016,2015,2014,2012 (4) 2016, 2015, 2014, 2012 (4) Yes
Uganda Low income 2016, 2015, 2014, 2013 (4) 2016, 2015, 2014, 2013 (4) Yes
Madagascar Low income 2016 (1) — No
Senegal Lower-middle income 2015, 2014, 2013, 2012 (4) 2015 (1) No
Mali Low income 2015,2013(2) 2013 (1) No
Burkina Faso Low income 2015,2014(2) 2015,2014 (1) Yes
Gambia Low income 2014 (1) 2014 (1) No
Zimbabwe Low income 2012(1) 2012(1) No
Ghana Lower-middle income 2011 (1) 2011(1) No

Note: The table includes GlI 2016. Economies identified as innovation achievers and pillar outperformers for two or more consecutive years, including 2014 and 2015, are also identified as innovation outperformers.
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Latin America and the Caribbean
includes only upper- and lower-
middle-income economies, with
four exceptions: Chile, Uruguay,
and the
Republic of Venezuela, which are all

Argentina, Bolivarian
high-income economies. Ranking
1st in the region this year is Chile
(44th overall), followed closely by
Costa Rica (45th), which gains six
spots in the rankings from 2015.

As previously mentioned, the
minimum data coverage threshold
rule was adjusted this year to retain
only those economies with sufficient
data coverage in the GII. As a result,
Barbados and Guyana drop from the
GII this year (see Annex 2). Trinidad
and Tobago, the other country from
that region that drops, although hav-
ing sufficient coverage in both the
Input and Output Sub-Indices, it is
not considered in the GII this year
because it does not have scores for
at least two sub-pillars in pillar 2:
Human capital and research.

Following Chile and Costa
Rica within the region, and rank-
ing in the top half of the GII this
year, are Mexico (61st), Uruguay
(62nd), and Colombia (63rd). The
top 100 economies overall include
Panama (68th), Brazil (69th), Peru
(71st), Dominican Republic (76th),
Argentina (81st), Jamaica (89th),
Paraguay (94th), and Guatemala
(97th). The remaining economies in
the region rank at 100 or below in
the GII this year: Ecuador (100th),
Honduras (101st), El Salvador
(104th), the Plurinational State of
Bolivia (109th), Nicaragua (116th),
and the Bolivarian Republic of
Venezuela (120th).

Although important regional
potential exists, the GII rankings
of local countries relative to other
regions have not steadily improved.
In recent years and in 2016, no econ-
omies from this region are identified

as innovation achievers. Only Brazil,

Costa Rica, El Salvador, Mexico,
and Panama are identified as pillar
outperformers.

Chile is ranked 44th in the
GII this year, at the top spot in the
region. It is ranked 40th and 53rd
in the Innovation Input Sub-Index
and Innovation Output Sub-Index,
respectively, with a place in the top
50 economies across four pillars:
Institutions (36th), Infrastructure
(38th), Market sophistication (47th),
and Business sophistication (41st). Its
improvements in 2016 are mainly in
Market sophistication and Business
sophistication, with better rankings
in ease of protecting investors and
applied tariff rate. The largest loss
of momentum comes from Creative
outputs, where Chile ranks 93rd in
the new indicator industrial designs,
a relative overall weakness for the
economy. Chile also shows areas of’
weakness in pillar 2, Human capital
and research (62nd), in a total of five
indicators including government
expenditure in education (84th),
PISA scales in reading, maths, and
science (45th), pupil-teacher ratio
(86th), tertiary inbound mobility
(95th), and the newly introduced
indicator measuring average expen-
diture of the top 3 global companies
by R&D (45th).

Mexico is ranked 61st in 2016,
down from 57th in 2015, coming
in at 60th and 62nd overall in the
Innovation Input Sub-Index and
Output Sub-Index,
respectively. The country ranks the

Innovation

highest among pillars in Market
sophistication (51st), where it ranks
amongthetop 25 economiesin Trade,
competition, and market scale (24th).
Mexico also sees improvements in 7
of the 10 indicators within this pil-
lar, including a strong improvement
in microfinance gross loan portfolios
(45th). Conversely, Mexico’s rank-
ing on the output side falls to 62nd.
This is the result of lower rankings

for intellectual property receipts
(77th) and FDI net outflows (64th).
For Mexico, Business sophistica-
tion (pillar 5 at 77th) still harbours
most of the country’s weaknesses:
females employed with advanced
degrees (69th), GERD financed by
abroad (94th), and the number of
joint venture—strategic alliance deals
(60th). Venture capital deals (69th),
computer software spending (67th),
cultural and creative services exports
(66th), and printing and publishing
manufactures (85th) are also areas of
potential improvement for Mexico.
Brazil is ranked 69th this year
in the GII, gaining one position
since 2015. Brazil’s strongest pillar
ranking is in Business sophistication
(39th), where it sees one of its high-
est rankings in IP payments (8th).
Brazil’s improvement on the input
side, up seven spots from 2015 to
58th, is caused by specific gains across
several other indicators, including
political stability and safety (68th),
ease of paying taxes (121st), ICT
use (46th), gross capital formation
(98th), environmental performance
(45th), microfinance gross loans
(59th), and intensity of local com-
petition (40th). Brazil also benefits
from high rankings in two new
indicators: domestic market scale
(7th) and average expenditure of
the top 3 global companies by R&D
(17th). Brazil sees its largest drop in
Creative outputs (90th), where one
of its relative weaknesses is printing
and publishing output manufactures
(74th). While for Brazil the General
infrastructure (91st) sub-pillar is no
longer identified as a weakness, both
Business environment (123rd) and
Tertiary education (111th) still have
room for improvement. Brazil has
made gains in areas such as joint
venture and strategic alliance deals
(66th) and printing and publishing
manufactures (74th), yet in these




areas further improvements can be

made.

Central and Southern Asia (10 economies)
Economies of the Central and
Southern Asia region have seen an
improvement in ranking since 2015:
after only three of these economies
ranked in the top 100 overall in the
GII last year, six of the 10 economies
in the region rank in the top 100
in 2016.

India maintains its top place
in the region, moving up 15 spots
from 81st last year to 66th overall;
Kazakhstan also maintains its posi-
tion as second in the region, moving
up seven spots, from 82nd to 75th
overall. The remaining economies
rank in order within the region as
follows: the Islamic Republic of Iran
shows an improvement in its ranking
(at 78th) this year; this is followed by
Tajikistan (86th), Sri Lanka (91st),
Bhutan (96th), Kyrgyzstan (103rd),
Nepal (115th), Bangladesh (117th),
and Pakistan (119th). There has also
been an improvement in data cov-
erage for economies in Central and
Southern Asia. In 2016, economies
in the region averaged 83.4% cover-
age of data in the GII, up from 80.3%
in 2015. Only three economies in
the region are highlighted as missing
20 or more values (see Annex 2).

India ranks 1st in the region, as it
did in 2015, and improves its ranking
among lower-middle-income econ-
omies to 6th (up two places from 8th
in 2015). Ranking 66th overall this
year, India advances 15 spots overall
to reach the same position it had in
the GII 2013. India ranks among
the top 50 economies overall in two
pillars: Market sophistication (33rd)
and Knowledge and technology out-
puts (43rd). The country maintains
stable or improved rankings across
all pillars, with the most significant
improvements in Human capital and

research (up 40 spots) and Business

Box 7: China’s Belt and Road Initiative: Towards More Regional Cooperation

China’s Belt and Road Initiative (BRI) initia-
tive (the Initiative on Building Silk Road
Economic Belt and 21st-Century Maritime
Silk Road), also referred to as ‘One Belt
One Road’, was first introduced in 2013
by President Xi Jinping and more formally
announced in 2015. It aims to promote
economic integration among Asian,
European, and African economies that lie
on the path of the ancient Silk Road.' From
around 200 BC into approximately the 15th
century, the ancient Silk Road connected
the East to the West, linking China to
Europe through Central Asia? Historians
consider the road an important factor in
the growth of civilizations of China, India,
parts of Persia, Europe, and Arabia’ The
road was a central transport hub, used
primarily for shipping silk, gold, spices,
glass, textiles, and livestock.

The idea of the BRI initiative is to
revive the Silk Road spirit to help regional
integration and economic development.
Although the exact list of countries that
will be part of the BRI is still open, the
current list comprises over 60 countries,
mostly middle-income economies but also
select high- and low-income economies.*
The current plan has two dimensions: (1)
a series of highways, economic corridors,
and rail networks between countries on
the former land route of the Silk Road; and
(2) a network of sea routes between the
costal ports of the economies in question,
hence a maritime Silk Road.’

The initiative aims to not only support
infrastructure and trade, but also to bring
about greater cooperation in promoting
education, for example via the New Silk
Road University Association; and in boost-
ing research cooperation and innovation.
With respect to economic conditions and
innovation, the countries in question vary
significantly in their level of economic
development and the sophistication of
their national innovation systems.

The GllI rankings of countries along
the principal original land route between
China and Greece, and largely crossing
Central Asia, vary from China (ranked 25th)

and Turkey (42nd) at the top to Armenia
(60th), Georgia (64th), and Kazakhstan
(75th) in the middle and to Tajikistan (86th)
and Kyrgyzstan (103rd). These countries
are equally diverse in their performance
on the various Gll innovation input and
output pillars. In the area of Human capital
and research, Gll ranks range from China
(29th) to Armenia (104th); in the area of
Infrastructure, ranks range from China
(36th place) to Tajikistan (123rd); and
in Knowledge and technology outputs,
from China (6th) to Kyrgyzstan (96th). This
diversity continues when comparing these
countries based on critical innovation
inputs such as Gross expenditure on R&D
as a share of GDP, which ranges from 2.1%
of GDP in China (with $313 billion in 2014)
to 0.1% of GDP in Tajikistan ($21 million).®
This diversity holds also for innovation
output factors such as patents filed by
origin—where China comes in at 1st place
and Tajikistan at 112th—as well as many
other variables, such as High-tech produc-
tion and exports.

This diversity across the BRI countries,
though challenging, is also a source of the
appeal of this initiative: if the comparative
advantages of diverse countries can be lev-
eraged, the potential for robust progress is
high. Deeper economic integration, better
infrastructure, and cooperation in fields
such as education, research, and innova-
tion have the potential to lead to con-
vergence at higher levels and increased
economic development.

Notes

1 The State Council, People’s Republic of China,
2015.

2 Elisseeff, 2000; Hansen, 2012; Xinru, 2011.
3 Bentley, 1993.

4 The State Council, People’s Republic of China,
2015.

5 The State Council, People’s Republic of China,
2015.

6 UNESCO-UIS Science & Technology Data Center,
update from April 2016. Data used: GERD,
performed by Business enterprise (in ‘000 PPP$,
constant prices, 2005). Data for Kyrgyzstan cor-
responds to 2013. For the others it corresponds
t0 2014.
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sophistication (up 59 spots). Within
Human capital and research, India
data coverage increased, specifically
in graduates in sciences and engi-
neering (ranked 8th overall in 2016,
while this was a missing value in
2015), affecting the jump in its rank-
ing. India’s ranking in the Business
sophistication pillar is affected most
by a substantial improvement in
Knowledge workers (up 46 spots)
and Knowledge absorption (up 33
spots); India improves in the rank-
ing of firms offering formal train-
ing by 56 spots to reach 42nd place.
Furthermore, India improves across
all indicators within the Knowledge
absorption sub-pillar, and it turns
in a solid performance in the GII
model’s newly incorporated research
talent in business enterprise, where it
ranks 31st. Conversely, India shows
weakness in two sub-pillars: Business
environment (117th) and Education
(118th). In the former pillar, ease of
starting a business (114th), and in
the latter, the pupil-teacher ratio
(103rd) and tertiary inbound mobil-
ity (99th) are three areas where India
can seek improvement. Progress is
also needed in environmental per-
formance (110th) on the input side;
on the output side, indicators mea-
suring new businesses (101st), global
entertainment and media market
(59th), and printing and publishing
manufactures (84th) all show room
for improvement.

Sri Lanka ranks 91st overall in
the GII this year, and, along with
India and the Islamic Republic of
Iran, the country ranks among the
top 100 economies in all three main
indices as well as in the Innovation
Efficiency Ratio. Sri Lanka sees the
greatest improvement in pillars in
Institutions (up twelve spots) and
Creative outputs (up eight spots). Sri
Lanka exhibits relative strengths in
Infrastructure in particular, ranking

58th overall and ranking in the top

40 economies for four ofits 10 indica-
tors. The country ranks 78th overall
in the Innovation Output Sub-Index
(up one spot from 2015), where it
exhibits the greatest improvements
in rankings in scientific and techni-
cal publications (110th, up six spots),
FDI net outflows (81st, up ten spots),
ICTs and business model creations
(52nd, up nine spots), generic top-
level domains (TLDs) (100th, up
six spots), and country-code TLDs
(102nd, up eight spots). Weaknesses
for Sri Lanka are, at the pillarlevel, in
Institutions (116th); the country also
exhibits weaknesses in Regulatory
environment (125th), Education
(111th), and Credit (110th) sub-
pillars. At the indicator level, most
of Sri Lanka’s weaknesses are located
in the Education sub-pillar, where
expenditure on education (117th),
government expenditure per pupil
(105th), tertiary inbound mobility
(94th), and gross expenditure on
R&D (102nd), among others, are all
areas where its performance could
see Improvement.

Box 7 on page 41 elaborates
on the significant heterogeneity of
innovation rankings in parts of this
region, and describes efforts for
increased international cooperation

along the ancient Silk Road.

Northern Africa and Western Asia (19
economies)
Israel (21st) and Cyprus (31st) achieve
the top two spots in the region for the
fourth consecutive year, improving
by one and three positions, respec-
tively. Also among the top 5 in the
region are two of the six economies
in the Gulf Cooperation Council
(GCCQ): the United Arab Emirates
(41st) and Saudi Arabia (49th).
Despite these top ranks, and com-
pared to their level of development,
resource-rich countries in the region
could rank higher (see Figure 4 on
page 32). These countries exhibit

relative shortcomings in important
areas, such as Institutions, Market
sophistication, and Business sophis-
tication. This phenomenon—remi-
niscent of what has been called the
‘resource curse’ or the ‘paradox of
plenty’—has been discussed in the
GII before (see the GII 2013, 2014,
and 2015 reports). These GCC
countries, however, are uniquely
positioned to do better in the years
to come. Many of them have been
diversifying towards innovation-rich
sectors already; such diversification
offers the GCC countries the poten-
tial to do better in the years to come.
Sixteen of the 19 economies in
the Northern Africa and Western
Asiaregionare in the top 100, includ-
ing Qatar (50th), Bahrain (57th),
Armenia (60th), Georgia (64th),
Kuwait (67th), Lebanon (70th),
Morocco (72nd), Oman (73rd),
Tunisia (77th), Jordan (82nd), and
Azerbaijan (85th). Of all the econo-
mies in the region, Turkey (42nd),
Kuwait, and Algeria (113th) see
the most improvement in their GII
ranking, having moved up 16 spots,
10 spots, and 13 spots, respectively.
Israel moves up one place, from
22nd to 21st, in 2016, while remain-
ing number 1 in the Northern Africa
and Western Asia region. Israel is
ranked in the top 25 economies for
five of the seven pillars and is the only
economy in the region to rank in the
top 10 for any pillar (6th, Business
sophistication). The country ranks
21stand 16th in the Innovation Input
Sub-Index and Innovation Output
Sub-Index, respectively, seeing the
most gains in Education (45th, up
6 spots), Trade, competition, and
market scale (49th, up 26 spots),
Knowledge absorption (16th, up 40
spots), and Intangible assets (34th,
up 52 spots). Israel’s biggest drop
at the pillar level is Knowledge and
technology outputs, where it moves
down three spots; this has affected




its lower ranking in innovation effi-
ciency 23rd (down three spots from
20th last year). At the indicator level,
Israel ranks in the top 3 economies
in six different areas: researchers
(Ist), gross expenditure on R&D
(2nd), venture capital deals (Ist),
GERD performed by business (1st),
females employed with advanced
degrees (3rd), and research talent in
business enterprise (1st)—the last a
newly introduced indictor to reflect
the linkages in the innovation eco-
system. Weaknesses for Israel are
found in the input side of the GII
and are more prominent in politi-
cal stability and safety (114th), the
cost of redundancy dismissal (110th),
and the intensity of local competi-
tion (109th). On the output side, two
areas show possibilities for improve-
ment: the growth rate of GDP per
worker (93rd) and trademarks by
origin (90th).

Turkey ranks 4th in the region
in 2016, improving across all three
main indices and the Innovation
Efficiency Ratio and ranking 42nd
overall (up from 58th in 2015). Its
ranking in the Innovation Efficiency
Ratio (13th) is 1st in the Northern
Africa and Western Asia region,
with improvements in the Output
Innovation Sub-Index of 15 places in
Knowledge and technology outputs
and 6 in Creative outputs. Turkey
ranks in the top 50 economies in five
different sub-pillars: Tertiary educa-
tion (49th), Research and develop-
ment (38th), Trade, competition,
and market scale (12th), Knowledge
creation (35th), and Intangible assets
(5th). On the other hand, weak-
nesses in areas closely associated
with R&D—such as expenditure on
education (103rd), females employed
with advanced degrees (72nd), and
GERD financed by abroad (87th)—
are identified for Turkey. Other
areas where improvement can be

achieved by Turkey are ICT services

imports (118th) and exports (116th),
and cultural and creative services
exports (72nd).

South East Asia, East Asia, and Oceania

(14 economies)

Unlike 2015, this year all econo-
mies within the South East Asia,
East Asia, and Oceania region are
ranked within the top 100 in the
GII. All economies in the region
also rank within the top 100 in the
Innovation Input Sub-Index, the
Innovation Output Sub-Index, and
the Innovation Efficiency Ratio.

The top five economies in the
region rank in the top 25 overall for
the GII, the Innovation Input Sub-
Index, and the Innovation Output
Sub-Index: Singapore (6th), Korea
(11th), Hong Kong (China) (14th),
Japan (16th), and New Zealand
(17th). Australia ranks next (19th),
coming in 11th on the input side;
China follows (at 25th), ranking 7th
in efficiency. Among upper-middle-
income economies, three economies
(China, Thailand, and Mongolia)
improved from 2015; Malaysia
moved down three spots to 35th
overall. Malaysia’s move is affected
by its drop of five spots on the output
side, though it shows improvement
in rankings across the Human capi-
tal and research, Infrastructure, and
Market sophistication pillars.

Viet Nam (59th) maintains its top
place among lower-middle-income
economies; following Viet Nam, in
the same order as in 2015, are the
Philippines (74th, up nine spots)
and Indonesia (88th, up nine spots).
Low-income economy Cambodia
maintains its ranking in the top 100
economies overall (95th).

The Republic of Korea (Korea)
is the only economy in the region to
rank among the top 25 economies
across all main indices as well as the
Innovation Efficiency Ratio. Korea
ranks 11th overall, up three spots

from last year, and ranks 13th and
11th in the Innovation Input Sub-
Index and Innovation Output Sub-
Index, respectively. Korea is among
the top 10 economies in three pillars:
Human capital and research (3rd),
Infrastructure (9th), and Knowledge
and technology outputs (5th). It
improves in all other pillars, par-
ticularly in Business sophistication
(13th, up 17 spots) and Creative
outputs (21st, up 7 spots). In addi-
tion to ranking Ist overall in four
existing indicators (gross expen-
diture on R&D, E-participation,
patents by origin, and PCT patent
applications), Korea also ranks 1st in
one of this year’s three new indica-
tors: industrial designs by origin.
The Institutions pillar, where Korea
ranks 31st, provides the economy’s
greatest opportunities for improve-
ment. Within this pillar, the cost of
redundancy dismissal rank (107th) is
Korea’s lowest ranked indicator and
weakness.

Japan has risen in the GII rank-
ings each year for the last four years,
moving up to 16th in 2016. Japan
ranks 9th overall in the Innovation
Input Sub-Index, led by top 10
rankings among all economies in
Infrastructure (7th), Market sophis-
tication (8th), and Business sophis-
tication (10th); the country also
ranks 24th overall in the Innovation
Output Sub-Index. Japan ranks in the
top 5 economies for three sub-pillars,
all on the input side: Research and
development (2nd), Information and
communication technologies (4th),
and Trade, competition, and market
scale (2nd). The only pillar in which
Japan saw downward movement in
was Infrastructure (down two spots
to 7th place this year), despite the lack
of any relative indicator weaknesses.
Outside of this pillar, however, Japan
shows the highest number of rela-
tive weaknesses in Knowledge and
technology outputs, ranking 97th
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or lower in growth rate of GDP per
worker, new businesses, and ICT

services exports.

Europe (39 economies)
In this year’s edition of the GII,
15 of the top 25 economies come
from Europe. This region is home
to the top 3 economies of the GII
2016: Switzerland (1st), Sweden
(2nd), and the United Kingdom
(3rd). Following these regional
leaders among this group of top
25 are Finland (5th), Ireland (7th),
Denmark (8th), the Netherlands
(9th), Germany (10th), Luxembourg
(12th), Iceland (13th), France (18th),
Austria (20th), Norway (22nd),
Belgium (23rd), and Estonia (24th).
It should be noted that most of
the economies in this region have
the fewest missing values, leading
them to display the most accurate
GII rankings (see Annex 2). This
includes the following economies
with 100% data coverage in the
Innovation Input Sub-Index, the
Innovation Output Sub-Index, or
both: Finland, Denmark, Germany,
France, Austria, the Czech Republic,
Italy, Portugal, Hungary, Poland,
and the Russian Federation.

Seventeen economies follow
among the top 50 and maintain
relatively stable rankings since 2014:
Malta (26th), the Czech Republic
(27th), Spain (28th), Italy (29th),
Portugal (30th), Slovenia (32nd),
Hungary (33rd), Latvia (34th),
Lithuania (36th), Slovakia (37th),
Bulgaria (38th), Poland (the largest
mover in this group, improving by
seven spots to 39th), Greece (40th),
the Russian Federation (43rd), the
Republic of Moldova (46th), Croatia
(47th), and Romania (48th).

The

economies remain among the top

remaining  European
100 economies overall. Ukraine
is the only economy in the group
to improve since 2015, up eight

spots. The region’s rankings con-
tinue as follows: Montenegro
(51st), Ukraine (56th), the Former
Yugoslav Republic of Macedonia
(58th), Serbia (65th), Belarus (79th),
Bosnia and Herzegovina (87th), and
Albania (92nd).

France moves up three spots
in 2016 from 21st to 18th overall.
France ranks 15th in the Innovation
Input Sub-Index and 19th in the
Sub-Index,

improvements of two spots and

Innovation Output

four spots, respectively. It ranks in
the top 25 economies and improves
in all pillars with one exception
(Institutions, where it moves down
five spots to 26th). France’s two
most improved pillars on the input
side, Infrastructure (8th) and Market
sophistication (15th), gained four
spots and ten spots, respectively, as
the economy has earned top 5 overall
rankingsin three areas: government’s
online service (Ist), E-participation
(4th), and venture capital deals (1st).
France also sees a drop in Political
environment (29th) and Regulatory
environment (21st). France’s great-
est relative weaknesses outside of the
top 100 overall rankings are FDI net
inflows (118th) and growth rate of
GDP per worker (90th).

Ukraine moves up from 64th
to 56th in 2016. This is the high-
est ranking of the GII the Ukraine
has attained, led by an improvement
of eight places in the Innovation
Input Sub-Index (76th) and an
improvement of seven places in
the Innovation Output Sub-Index
(40th). Ukraine’s ranking in the
Innovation Efficiency Ratio also
improves by three spots to 12th
overall (and 10th in the region), one
of the economy’s relative strengths
in 2016. Ukraine ranks among the
top 100 economies for all pillars
with one exception (Institutions,
101st); it also improved in rankings
across all pillars with two exceptions

(Institutions and Human capital and
research). Ukraine’s higher over-
all ranking is in part the result of
improvements of 10 or more spots
across seven sub-pillars: Business
environment (79th), General infra-
structure (110th), Ecological sustain-
ability (100th), Investment (113th),
Trade, competition, and market
scale (46th), Innovation linkages
(88th), and Intangible assets (42nd).
The only pillar where Ukraine ranks
below the top 100 economies is
Institutions (101st), where it also has
the highest number of weaknesses:
political stability and safety (125th),
ease of resolving insolvency (113th),
and, at the sub-pillar level, Political
environment (123rd).

Conclusions
The theme for this year’s GII is
‘“Winning with Global Innovation’.
This chapter has provided a current
assessment of worldwide innovation
expenditures, making calls for a
renewed and sustained innovation
effort. Following this year’s theme,
it has analysed the opportunities and
challenges of designing innovation
policies for a new global innova-
tion context that aims for a global
win-win proposition. The chapter
has also presented the main GII 2016
results, distilling main messages and
noting some important evolutions
that have taken place since last year.
The remaining chapters provide
more details on this year’s theme
from academic, business, and par-
ticular country perspectives from
leading experts and decision makers.
There 1is
mechanical recipe for creating sound

no automatism or

innovation systems. Absolute spend-
ing on R&D or absolute figures on
the number of domestic research-
ers, on the number of science and
engineering graduates, or on scien-

tific publications do not guarantee




a successful innovation system. In
fact, all too often a higher share of
science and engineering graduates,
for example, is pursued as a panacea
for creating sound innovation sys-
tems. Clearly policy makers have to
start somewhere, and this factor is
easily measurable. Yet the creation
of sound innovation systems—with
solid innovation inputs, sophisti-
cated markets, a thriving business
sector, and sturdy linkages among
innovation actors—and assessing
their performance is more complex
than aiming at increasing one inno-
vation input variable, as evidenced
in the GII model.

One approach to overcoming a
purely quantitative approach is to
look at the quality of innovation,
as the GII does, assessing the worth
of universities, scientific output,
and patents. Good quality remains
a distinct characteristic of leaders
such as Germany, Japan, the UK,
and the USA. China is the only
middle-income country showing
a comparable innovation qual-
ity. India comes in second among
middle-income economies.

Yet there is more to the story.
High-quality innovation inputs and
outputs are often the reflection of
other factors that make an innova-
tion ecosystem healthy, vibrant, and
productive. Ideally, these systems
become self-perpetuating, bottom-
up, and without a recurrent need
for policy or government to drive
innovation. How best to create such
an organic innovation system poses
an interesting dilemma for gov-
ernments and their role in future
innovation policy models. On the
one hand, it is now accepted that
governments continue to play an
important role in generating inno-
vation. The boundaries between
industrial and innovation policy are
slim or non-existent; both play an
important role. In particular, in the

last few decades, Asian economies
have benefited from a strong and
strategic coordination role of gov-
ernments in innovation. The role
of governments in spurring innova-
tion in high-income countries in
Northern America and Europe has
also been strong throughout history.

It can be argued that the role of
governments, and also of public and
coordinated private investments,
might be even more significant
today than it has been in the past.
Driving future innovation in the
fields such as travel, health, and
communications is becoming more
complex and costly.

On the other hand, if govern-
ments overreach, if they select tech-
nologies, they might quickly end
up diluting the possibility of self-
sustaining organic innovation eco-
systems. Providing enough space for
entrepreneurship and innovation;
the right incentives and encourage-
ment to bottom-up forces such as
individuals, students, small firms,
and others; and a certain ‘freedom
to operate’ that often challenges
the status quo is part of the equa-
tion. Surely developing countries are
well-advised to avoid over relying on
government forces as the sole driver
to orchestrating a sound innovation
system.

For governments, finding the
right balance between intervention
and laissez-faire has never been as
challenging.

Over the last years, the GII has
established itself as a leading refer-
ence on innovation. The GII is
meant to be a ‘tool for action’ for
decision makers with the goal of
improving countries’ innovation
performances. Upon the release of
the GII, numerous workshops in
different countries bring innova-
tion actors together around the GII
results with the aim of improving
data availability, boosting a region’s

or a country’s innovation perfor-
mance, and designing policies for
effective impact. These exchanges
on the ground also generate feed-
back that, in turn, improves the
GII and assists the journey towards
improved innovation measurement
and policy. This valuable feedback
will continue to be integrated into
future iterations of the GII in the

years to come.
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Notes for Box 1

1

These estimates are based on preliminary
calculations using GERD and BERD figures
at constant $PPP-2005 prices from the
UNESCO-UIS Science & Technology Data
Center, updated February 2015, with imputed
value for the USA in 2014. Economies
included: Afghanistan, Albania, Algeria,
Angola, Antigua and Barbuda, Argentina,
Armenia, Australia, Austria, Azerbaijan,
Bahamas, Bahrain, Bangladesh, Barbados,
Belarus, Belgium, Belize, Benin, Bermuda,
Bhutan, Bolivia (Plurinational State of),
Bosnia and Herzegovina, Botswana, Brazil,
Brunei Darussalam, Bulgaria, Burkina Faso,
Burundi, Cabo Verde, Cambodia, Cameroon,
Canada, Central African Republic, Chad,
Chile, China, Colombia, Comoros, Congo,
Costa Rica, Croatia, Cuba, Cyprus, Czech
Republic, Cote d'lvoire, Democratic Republic
of the Congo, Denmark, Djibouti, Dominica,
Dominican Republic, Ecuador, Egypt, El
Salvador, Equatorial Guinea, Eritrea, Estonia,
Ethiopia, Finland, France, Gabon, Gambia,
Georgia, Germany, Ghana, Greece, Grenada,
Guatemala, Guinea, Guinea-Bissau, Guyana,
Haiti, Honduras, Hong Kong (China),
Hungary, Iceland, India, Indonesia, Iran
(Islamic Republic of), Iraq, Ireland, Israel,
Italy, Japan, Jordan, Kazakhstan, Kenya,
Kuwait, Kyrgyzstan, Lao People’s Democratic
Republic, Latvia, Lebanon, Lesotho,

Liberia, Libya, Lithuania, Luxembourg,
Macao (China), Madagascar, Malawi,
Malaysia, Maldives, Mali, Malta, Mauritania,
Mauritius, Mexico, Mongolia, Montenegro,
Morocco, Mozambique, Namibia, Nepal,
the Netherlands, New Zealand, Nicaragua,
Niger, Nigeria, Norway, Oman, Pakistan,
Panama, Paraguay, Peru, Philippines, Poland,
Portugal, Puerto Rico, Qatar, Republic of
Korea, the Republic of Moldova, Romania,
Russian Federation, Rwanda, Saint Kitts and
Nevis, Saint Lucia, Saint Vincent and the
Grenadines, Sao Tome and Principe, Saudi
Arabia, Senegal, Serbia, Seychelles, Sierra
Leone, Singapore, Slovakia, Slovenia, South
Africa, Spain, Sri Lanka, Sudan, Suriname,
Swaziland, Sweden, Switzerland, Taiwan
(China), Tajikistan, Thailand, the Former
Yugoslav Republic of Macedonia, Timor-
Leste, Togo, Trinidad and Tobago, Tunisia,
Turkey, Turkmenistan, Uganda, Ukraine, the
United Arab Emirates, the United Kingdom,
the United Republic of Tanzania, the United
States of America, Uruguay, Uzbekistan,
Venezuela (Bolivarian Republic of), Viet Nam,
Yemen, Zambia, and Zimbabwe.

Data are based on the OECD Main Science
and Technology Indicators (MSTI), updated
January 2016.

OECD data on government appropriations
to R&D (GBAORD) (accessed 2 May 2016) via
OECD MSTI.

Notes for Box 5

1

Innovation quality is measured as an average
of three Gll variables: QS university ranking
average score of top 3 universities, patent
families filed in at least two offices, and the
citable documents H index.

These six sub-pillars are Research and
development (R&D), Information and
communication technologies (ICTs),
Knowledge workers, Knowledge creation,
Knowledge impact, and Creative goods and
services.

NSF, 2016. The estimates are based on
preliminary calculations using GERD and
BERD figures at constant $PPP 2005 prices
from the UNESCO-UIS database with imputed
value for the USA in 2014.

Government of the United States of America,
2016. Available at https://www.whitehouse.
gov/administration/eop/ostp/rdbudgets.

OECD MSTI, updated 9 February 2016. Data
used: Gross domestic expenditure on R&D
(GERD) at constant 2010 PPP$; UNESCO-
UIS Science & Technology Data Center;
and OECD Main Science and Technology
Indicators (MSTI), update from April 2016.
Data used: GERD, performed by Business
enterprise (in ‘000 PPP$, constant prices,
2005).

NSF, 2016.

These seven sub-pillars are Political
environment; Business environment; General
infrastructure; Credit; Investment; Trade,
competition & market scale; and Online
creativity.

See Box 1 on R&D expenditures; OECD, 2015g;
OECD, 2013.

OECD, 2015b; OECD, 2013.

Government of Canada, 2016. Available at
http://www.budget.gc.ca/2016/docs/plan/
ch2-en.html.

Notes for Chapter 1

1

Conference Board, 2016; IMF, 2016a; IMF,
2016b; OECD, 2016; World Bank, 2016.

IMF, 20163; IMF, 2016b; OECD, 2016; World
Bank, 2016.

Conference Board, 2015.

IMF, 2015; IMF, 2016b; OECD, 2016; WIPO,
2015b.

OECD, 2009; WIPO, 2010; Dutta et al., 2013.

20

21

22

23

24

25

26

27

28

Dutta et al,, 2014, and Dutta et al,, 2015,
based on UNESCO Institute for Statistics
R&D data and OECD Main Science and
Technology Indicators. See also Soete et

al, 2015. Largely as a result of slower GDP
growth, global R&D intensity—computed as
global R&D expenditures over global GDP—
remained relatively stable at about 1.7% in
2014, compared with about 1.6% in 2008,
with the Republic of Korea overtaking Israel
in 2013 to become the most R&D-intensive
country.

These estimates are based on preliminary
calculations using GERD and BERD figures at
constant $PPP- 2005 prices from UNESCO-UIS
database with imputed value for the USA in
2014.

WIPO, 2015b. At the same time patent
applications under WIPO's Patent
Cooperation Treaty (PCT) saw a 1.7% increase
in 2015; a significant fall in growth compared
with previous years (WIPO, 2016).

WIPO, 2015b.

Uls, 2015; Soete et al, 2015.
WIPO, 2015b.

Wagner et al., 2015.

Cincera and Pottelsberghe, 2001; Griliches,
1992.

Coe and Helpman, 1995; Coe et al., 2009;
Griliches, 1992.

See also Soete et al,, 2015; WIPO, 2015b.
Avenyo et al,, 2015; WIPO, 2015b.

Dutta et al,, 2015.

Ezell et al, 2013; Ezell et al, 2015.

Examples are efforts of the New Partnership
for Africa’s Development (NEPAD), OECD,
UNESCO, and WIPO.

See indicators on high-tech goods and
services trade in the Gll.

See FDI flow data in the GlI. Sources are the
UNCTAD FDI Statistics Database at http://
unctad.org/en/Pages/DIAE/FDI%20Statistics/
FDI-Statistics.aspx and OECD FDI statistics
database at http://www.oecd.org/daf/
inv/OECD-BMD4-FDI-statistics-database-
predefined-queries.pdf.

See the IP payment data in the Gll. For
background see IMF, 2009; UN et al., 2011.
For shortcomings see Box 1.11 in Chapter 1 in
WIPO, 2013.

See Box 1.11 in WIPO, 2013.

Alkemade et al, 2015; Dunning and Lundan,
2009.

Fink and Miguelez, forthcoming; ; INSEAD,
2015; Miguelez and Fink, 2013; OECD, 2015b;
Scellato et al, 2014.

Keller, 2004.
Cincera and Van Pottelsberghe, 2001.

Keller, 2004.
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30

31

32

33

34

35

36

37

38

39

40

4

42

43

44

45

46

47

See Box 1.3 in WIPO, 2011; Bergek and
Bruzelius, 2010.

For a notable exception see OECD, 2014,
on the economic value of The European
Organization for Nuclear Research (CERN).

See also the WHO Global Observatory on
Health R&D and the development of R&D
blueprints that help prioritize and direct R&D
on infectious diseases, available at http://
apps.who.int/gb/ebwha/pdf_files/WHA69/
A69_29-en.pdf.

WIPO, 2011.
NSF, 2016; UNESCO, 2015.

OECD, 2015¢; WIPQ, 2015a; World Bank, 2008;
World Bank, 2016.

Wagner et al., 2015.
Brunner, 2016.
Wagner et al., 2015.

The forced cooperation rules’ of EUREKA are
an example in this regard, at http://www.
eurekanetwork.org/.

See http://www.naturalsciences.ch/
organisations/kfpe.

OECD, 2011.

U.S.-India Commercial, Trade, and Economic
Cooperation, Washington, DC, September
22, 2015; httpy//www.state.gov/r/pa/prs/
ps/2015/09/247174.htm.

See Soete et al, 2015, on this point.

See the 'Daejeon Ministerial Declaration on
Science, Technology, and Innovation Policies
for the Global and Digital’, available at http://
www.oecd.org/sti/daejeon-declaration-2015.
htm, which also suggests the need to
update the ‘Recommendation of the

Council Concerning a General Framework

of Principles for International Co-operation

in Science and Technology,” C(88)60/FINAL,
which dates from 1988.

For related efforts, see BMBF, 2015.

Hungary (33rd), another middle-income
economy identified as being on the heels of
the high-income top performers in the GlI
2015, changes its income group from upper-
middle to high income this year.

Economies are grouped according to the
World Bank classification (July 2015) gross
national income (GNI) per capita, calculated
using the World Bank Atlas method. The
groups are: low income, US$1,045 or

less; lower-middle income, US$1,046 to
US$4,125; upper-middle income, US$4,126 to
US$12,735; and high income, US$12,736 or
more.

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, East Asia, and
Oceania; NAWA = Northern Africa and
Western Asia; and SSF = Sub-Saharan Africa.

48  Although Malta (Gll rank 26) has a score
above 50, it is not considered among the
leaders because its ranking is below the top
25.

49  Innovation achievers share the most
strengths in the Innovation Efficiency Ratio,
Knowledge absorption (5.3), government
expenditure on education per pupil,
secondary (2.1.2), growth rate of GDP
per person engaged (6.2.1), microfinance
institutions’ gross loan portfolio (4.1.3), GERD
financed by abroad (5.2.3), foreign direct
investment net inflows (5.3.4), ICT services
exports (6.3.3), and trademark application
class count by origin (7.1.1). They also share
the most weaknesses in tertiary enrolment
(2.2.1), global R&D companies, average
expenditure top 3 (2.3.3), QS university
ranking average score top 3 universities
(2.3.4), ICT access (3.1.1), GDP per unit of
energy use (3.3.1),1SO 14001 environmental
certificates (3.3.3), total value of stocks traded
(4.2.3), and employment in knowledge-
intensive services (5.1.1).

50  This year the rule to determine what
countries become part of the Gll rankings
shifts from one that requires a minimum
overall data coverage of 60% of all indicators
to one where this same percentage is applied
individually to each input and output side of
the index (see Annex 2 for further details).
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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 Professor
Dutta at INSEAD in 2007 with the
simple goal of determining how to
find metrics and approaches that
better capture the richness of inno-
vation in society and go beyond such
traditional measures of innovation as
the number of research articles and
the level of research and develop-
ment (R&D) expenditures.'

There were several motivations
for setting this goal. First, innovation
is important for driving economic
progress and competitiveness—
both for 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 hori-
zontal in nature, and includes social
innovations and business model
innovations as well as technical
ones. Last but not least, recogniz-
ing and celebrating innovation in
emerging markets is seen as critical
for inspiring people—especially the
next generation of entrepreneurs and
innovators.

The GII helps to create an
environment in which innovation
factors are under continual evalua-

tion, and it provides a key tool and

arich database 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 measur-
ing the climate and infrastructure
for innovation and on assessing
related outcomes.

Although the end results take the
shape of several rankings, the GII is
more concerned with improving
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 indicators—to moni-
tor performance over time and to
benchmark developments against
countries in the same region or of
the same income category.

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, the model
continues to evolve, although its
mature state now requires only

minor updates (refer to Annex 2).

An inclusive perspective on innovation
The GII adopts a broad notion of

innovation, originally elaborated

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 evo-
lution 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
existence of leading and lagging
countries, 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 incremental
innovation and ‘innovation with-
out research’. Non-R&D innova-

tive expenditure is an important

Annex 1: The Gl Conceptual Framework

THE GLOBAL INNOVATION INDEX 2016



Annex 1: The GlI Conceptual Framework

THE GLOBAL INNOVATION INDEX 2016

Figure 1: Framework of the Global Innovation Index 2016

component of reaping the rewards of
technological innovation. Interest in
understanding how innovation takes
place in low- and middle-income
countries is increasing, along with an
awareness that incremental forms of
innovation can impact development.
Furthermore, the process of innova-
tion itself has changed significantly.
Investment in innovation-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 complex and geo-
graphically 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

Global Innovation Index

(average)

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
simple innovation metrics. To do so
will require the integration of new
variables, 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: 31.9% of data

obtained are from 2015, 42.5% are
from 2014, 13.0% are from 2013,
6.3% from 2012, and the small

remainder (6.3%) from earlier years.®

The Gll 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 latest
research on the measurement of
innovation. This year the GII model
includes 128 countries/economies,
which represent 92.8% of the world’s
population and 97.9% 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.

2. Innovation Output Sub-Index:
Innovation outputs are the re-
sults 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 82 indicators this year.
The GII pays special attention to
presenting a scoreboard for each
economy 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

Table 1a: Institutions pillar

Average value by income group

High Upper-middle  Lower-middle Low

Indicator income income income income Mean
1 Institutions
1.1 Political environment
1.1.1 Political stability and safety® ... 0.67 ovrr=0.15 .. =0.69...........=0.63............=0.02
1.1.2 Government effectiveness* 1.13 001..c=044...........=0.76...... 0.24
1.2 Regulatory environment
12.1 Regulatory quality*® 1.07 0.04..........=0.39..........—0.58.............0.26

122 Rule of law*®

1.2.3  Cost of redundancy dismissal, salary weeks!.......16.13...

1.3 Business environment
1.3.1 Ease of starting a business™ ...
1.3.2 Ease of resolving insolvency*

1.13..

.26.63..

1.3.3 Ease of paying taxes*

88.73.. .85.18...........82.76..
67.08 51.74 36.56.. .
81.69.. 7279005958

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

identified with an asterisk “*’, survey
questions with a dagger ‘", and the
remaining indicators are hard data);
their weight in the index (indicators
with half weight are identified with
the letter ‘a’); 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 128 economies
retained in the final computation
(Tables 1a through 1g).

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
conducive to innovation within an

economy.

Pillar 1: Institutions

Nurturing an institutional frame-
work that attracts business and
fosters growth by providing good
governance and the correct levels of

protection and incentives is essential

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

The Political environment sub-
pillar includes two indices: one that
reflects perceptions of the likelihood
that a government might be destabi-
lized; and one that reflects the qual-
ity of public and civil services, policy
formulation, and implementation.

The Regulatory environment
sub-pillar draws on two indices
aimed at capturing perceptions on
the ability of the government to
formulate and implement cohesive
policies that promote the develop-
ment of the private sector and at
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 resolving
insolvency (based on the recovery
rate recorded as the cents on the
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Table 1b: Human capital & research pillar

Average value by income group

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 544

2.1.2 Gov't expend. on edu./pupil, secondary].
2.1.3 School life expectancy, years....
2.14 PISA scales in reading, maths & science
2.1.5 Pupil-teacher ratio, secondarya'b.,...u.......,....4...

2.2 Tertiary education
22.1 Tertiary enrolment, % gross®
2.2.2 Graduates in science & engineering, %

2441,
.16.50.
..491.87.

66.10.
2243

22.3 Tertiary inbound mobility, %°

9.22

2.3 Research and development (R&D)
2.3.1 Researchers, FTE/mn pop.
2.3.2 Gross expenditure on R&D, % GDP

2.3.3 Global R&D firms, avg. exp. top 3, mn SUS....
2.34 QS university ranking, average score top 3*

Note: (*) index, (1) survey question, (a) half weight, (b) higher values indicate worse outcomes. FTE = full-time equivalence.

Scaled by percent of GDP per capita.

Table 1c: Infrastructure pillar

Indicator

Average value by income group

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®

99 5.67 4.26 262 5.96
6.66 363 1.99 0.56 4.15
0.72 0.46 0.37 0.20 0.50
0.68 047 041 0.22 0.51

3.2 General infrastructure
3.2.1 Electricity output, kWh/cap®
3.2.2 Logistics performance*?

9,111.92.....3,109.95......1,082.22.

136.12.....4,904.32

3.23 Gross capital formation, % GDP

3.3 Ecological sustainability
33.1 GDP/unit of energy use, 2005 PPP$/kg oil eq

351 2.87 269 252 3.04
2113 25.51 2333 26320002343
8.71 8.72 7.90 4.03 8.21

3.3.2 Environmental performance*.............

corenirriinesi82.50 v 3.7 A 0549 47 08 . 71 91

3.3.3 1SO 14001 environ. certificates/bn PPP$ GDP?.......4.37 277 0.52 0.16 2.56

Note: (*) index, (f) survey question, (a) half weight, (b) higher values indicate worse outcomes. KwH = kilowatt hours.

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 elementary

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 (full-time equivalence),
gross expenditure, the R&D expen-
ditures of top global R&D spend-
ers, and the quality of scientific and
research institutions as measured
by the average score of the top
three universities in the QS World
University Ranking of 2015. The
average R&D expenditures of the
top three firms in a given country
looks at the average expenditure of
these three firms that are part of the
top 2,500 R&D spenders worldwide.
The QS university rankings indica-
tor gives the average scores of the
country’s top three universities that
belong to the top 700 universities
worldwide. These indicators are not
aimed at assessing the average level
of all institutions within a particular
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 international
organizations on ICT access, ICT
use, online service by governments,
and online participation of citizens.

The sub-pillar on general infra-
structure includes the average of
electricity output in kWh per capita;
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.

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 availability of credit and an
environment that supports invest-
ment, access to the international
market, competition, and market
scale are all critical for businesses to
prosper and for innovation to occur.
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

Table 1d: Market sophistication pillar

Average value by income group

High Upper-middle ~ Lower-middle Low

Indicator income income income income Mean
4 Market sophistication
4.1 Credit
4.1.1 Ease of getting credit* 58.57 57.94 54.14 3537 . 5449
4.1.2 Domestic credit to private sector, % GDP..........95.39.......6142......37.19........24.79.........64.69
4.13  Microfinance gross loans, % GDP 0.14 1.58 202 297 1.86
4.2  Investment
4.2.1 Ease of protecting minority investors* 61.76 57.79 5144 4448...........56.21
422 Market capitalization, % GDP°............ .84.90

423 Total value of stocks traded, % GDP*
424 Venture capital deals/bn PPP$ GDP?

L4432

0.13 0.03 0.02 0.03 0.08

4.3 Trade, competition, and market scale

4.3.1 Applied tariff rate, weighted mean, 060
432 Intensity of local competition?

191 442 5.60 8.94 4.29
537 4.97 4.89 4.65 5.07

4.33 Domestic market scale, bn PPPS...............

..... 1,131.15........968.62........571.97 ...

4362......825.35

Note: (*) index, (f) 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 lenders,
as well as the rules and practices
affecting the coverage, scope, and
accessibility of credit information.
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

Investment sub-pillar
minority investors index as well
as three indicators on the level of
transactions. To show whether mar-
ket size 1s matched by market dyna-
mism, 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
13,703 deals in 95 countries in 2015.

The last sub-pillar tackles trade,
competition, and market scale. The
market conditions for trade are given
in the first indicator measuring
the average tariff rate weighted by
import shares. The second indica-
tor is a survey question that reflects
on the intensity of competition
in local markets. Efforts made at

finding hard data on competition so
far remain unsuccessful. Domestic
market scale, as measured by an
economy’s GDP, has been incorpo-
rated so the last sub-pillar takes into
consideration the impact that the
size of an economy has on its capac-
ity to introduce and test innovations

in the market place.

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 1e).
The Human capital and research
pillar (pillar 2) made the case that
the accumulation of human capi-
tal through education, 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
knowledge workers: employment
in knowledge-intensive services;

the availability of formal training at
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Table 1e: Business sophistication pillar

Average value by income group

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, %........ccc:38.79 e 2247 i 17.82 e 336 27.21
5.1.2  Firms offering formal training, % firms............ 4393 ....c.....41.37 ... 30.74............ 32.40........... 37.00
5.1.3 GERD performed by business, % GDP* 1.07 0.24 0.08 0.06 0.63
5.14 GERD financed by business, %° 43.84 2547 v 1374 731 31.69
5.1.5 Females emp. w/adv. degrees, % tot. emp.’.....18.71 w1227 w978 245 . 1446
5.2 Innovation linkages
52.1 University/industry research collaboration®®........4.48 3.55 331 3.08 382
522 State of cluster developmentt 4.30 362 3.54 335 3.84
5.2.3 GERD financed by abroad, % 12.83 8661280 0 34.5T . 1374
524 JV-strategic alliance deals/bn PPP$ GDP? 0.02 0.01 0.01 0.01 0.02
5.2.5 Patent families filed in 2+ offices/bn PPP$ GDP?...2.40 0.13 0.07 0.06 1.09
5.3 Knowledge absorption
53.1 Intellectual property payments, % total trade®.......1.82 0.53 0.39 0.13 091
5.3.2 High-tech imports less re-imports, % tot. trade.....9.50 9.59 730 7.8 8.74
5.3.3 ICT services imports, % total trade 1.53 0.79 0.97 1.59 1.21
534 FDInetinflows, % GDP 4.35 3.62 291 6.82 4.14
5.3.5 Research talent, % in business enterprise........... 423102363 17.96........... 2546........... 3319

Note: (*) index, (1) survey question, (a) half weight, (b) higher values indicate worse outcomes. GERD = gross domestic expenditure on R&D.

the firm level; R&D performed by
business enterprise (GERD) asa per-
centage of GDP (i.e., GERD over
GDP); and the percentage of total
gross expenditure of R&D that is
financed by business enterprise. In
addition, the sub-pillar includes an
indicator related to the percentage
of females employed with advanced
degrees. This indicator, in addition
to providing a glimpse into the gen-
der labour distributions of nations,
offers more information about the
degree of sophistication of the local
human capital currently employed.
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
1,512 deals announced in 2015, with
firms headquartered in 92 partici-
pating economies.” In addition, the
total number of Patent Cooperation
Treaty (PCT) and national office
published patent family applica-
tions filed by residents in at least
two offices proxies 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
result)—two sub-pillars designed to
be mirror images of each other—is
precisely that together they will
reveal how good economies are at
absorbing and diffusing knowledge.

Sub-pillar 5.3 includes five met-
rics 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.
To strengthen the sub-pillar, the
percentage of research talent in
business was added this year to pro-
vide a measurement of professionals
engaged in the conception or cre-
ation of new knowledge, products,
processes, methods, and systems,

including business management.

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 articles
(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,
spending on computer software, the
number of certificates of conformity
with standard ISO 9001 on quality
management systems issued, and
the measure of high- and medium-
high-tech industrial output over
total manufactures output.

The third sub-pillar, on knowl-
edge diffusion, is the mirror image
of the knowledge absorption sub-
pillar of pillar 5, with the exception
of indicator 5.3.5. It includes four
statistics all linked to sectors with
high-tech content or that are key to
innovation: 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 ICT 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 intangible
assets includes statistics on trade-
mark applications by residents at the

Table 1f: Knowledge & technology outputs pillar

Average value by income group

High Upper-middle ~ Lower-middle Low

Indicator income income income income Mean
6 Knowledge and technology outputs
6.1 Knowledge creation
6.1.1 Patents by origin/bn PPP$ GDP? 96 2.88 137 0.23 4.38
6.1.2 PCT patent applications/bn PPP$ GDP® 265 0.20 0.12 0.05 1.27
6.1.3  Utility models by origin/bn PPP$ GDP 142 3.08 293 0.10 231
6.1.4 Scientific &technical articles/bn PPP$ GDP?.......29.22............10.57 o 6.56 .o 843 1643
6.1.5 Citable documents H index*..........nrn:393.65..........137.53.........105.93...........69.63........219.93
6.2  Knowledge impact
6.2.1 Growth rate of PPP$ GDP/worker, % 047 141 2.92 3.14 149
6.2.2 New businesses/th pop. 15-64° 5.94 331 0.90 045 3.58
6.2.3 Computer software spending, % GDP* 046 0.31 0.26 e NV Auriririiinnn0.38
6.24 15O 9001 quality certificates/bn PPP$ GDP?.. ) 9.96 250 0.95 9.05
6.25 High- & medium-high-tech manufactures, %°.....34.65 ...........22.50 ... 16.55 e 6.75.c0n 25.84
6.3 Knowledge diffusion
6.3.1 Intellectual property receipts, % total trade..........1.03 0.06 0.11 0.20 047
6.3.2 High-tech exports less re-exports, % total trade®..6.48 4.92 1.71 043 426
6.3.3 ICT services exports, % total trade® 2.55 144 246 211 217
6.34 FDI net outflows, % GDP 546 6.63 0.12 1.37 4.14
Note: (*) index, (f) survey question, (a) half weight, (b) higher values indicate worse outcomes.
Table 1g: Creative outputs pillar

Average value by income group
High Upper-middle  Lower-middle Low

Indicator income income income income Mean
7 Creative outputs
7.1 Intangible assets
7.1.1 Trademarks by origin/bn PPP$ GDP 59.01 5749 3647 i 17.78 . 49.08
7.1.2 Industrial designs by origin/bn PPP$ GDP* 5.87 3.69 259 1.34 4.06
7.1.3 ICTs & business model creation’ 5.06 4.40 422 3.82 4.56
7.14 ICTs & organizational model creation® 4.81 4.01 393 343 4.25
7.2 Creative goods and services
7.2.1 Cultural & creative services exp., % total trade®.....0.75 0.46 0.10 0.09 046
7.22 National feature films/mn pop. 15-69° 74 244 441 0.82 5.15
7.23 Global ent. & media market/th pop. 15-69"..........1.34 ............0.20.......0.05 .../ .0.90
7.24 Printing & publishing manufactures, % 231 1.56 1.23 1.77 1.85
7.2.5 Creative goods exports, % total trade 1.85 1.82 0.65 0.08 1.36
7.3 Online creativity
73.1 Generic TLDs/th pop. 15-69 34.55 6.22 1.51
732 Country-code TLDs/th pop. 15-69 3496 6.57 0.96
733  Wikipedia monthly edits/mn pop. 15-69......... 529546.....1,644.95........593.80..ccc.
734 Video uploads on YouTube/pop. 15-69.....cce51.13 e 18.80 i 775 0.

Note: (*) index, (f) survey question, (a) half weight, (b) higher values indicate worse outcomes. Scores rather than values are presented for indicators 7.3.1,7.3.2,

and 7.3.4. TLDs = top-level domains.

national office; industrial designs
included in applications at a regional
or national office, 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. In 2014, in
an attempt to include broader sec-
toral coverage, a global entertain-
ment and media output composite
was added. In addition, the indicator
on audio-visual and related services
exports was renamed ‘Cultural
and creative services exports’ and

expanded to include information
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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); printing
and publishing output (as a percent-
age of total manufactures output);
and creative goods exports (as a per-
centage 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 indica-
tors, all scaled by population aged
15 through 69 years old: generic
(biz, info, org, net, and com) and
country-code top level domains,
average monthly edits to Wikipedia;
and video uploads on YouTube.
Attempts made to strengthen this
sub-pillar with indicators in areas
such as Internet and machine learn-
ing, blog posting, online gaming,
and the development of applications

have so far proved unsuccessful.

Notes

1 Forafuller introduction to the Global
Innovation Index, see the Gl 2011.

2 Eurostat and OECD, 2005.
3 OECD, 2010; INSEAD, 2011; and WIPO, 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 2011, 1.9% from 2010, 1.0% from 2009,
0.7% from 2008, 0.4% from 2007, and 0.2%
from 2006. In addition, the Gll is calculated on
the basis of 9,148 data points (compared to
10,496 with complete series), implying that
12.8% 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 These data were determined from a query
on joint ventures/strategic alliances deals
announced in 2015 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.
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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
and improve the way innovation is
measured. 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
level. At the sub-pillar level, the
name of sub-pillar 4.3 was changed
from ‘Trade and competition’ to
‘Trade, competition, and market
scale’ following the addition of one
new indicator (see Table 1).
Beyond the use of World In-
tellectual Property Organization
(WIPO) data, we collaborate with
both public international bodies such
as the International Energy Agency;
the United Nations Educational,
Scientific and Cultural Organization
(UNESCO); the United Nations
Industrial Development Organiza-
tion (UNIDO); the International

Table 1: Changes to the Global Innovation Index framework

Gl 2015 Adjustment Gl 2016
2.3.3 QS university ranking average score Number 234 QS university ranking average score
top 3 universities changed top 3 universities

New indicator 233

Global R&D companies, average top
3 spenders

4.2.1  Ease of protecting investors

Name change 421

Ease of protecting minority investors

4.3  Trade & competition

Sub-pillar 4.3

Trade, competition, and market

name change scale

New indicator 433

Domestic market scale

5.2.5 Patent families filed in at least three

Methodology 525

Patent families filed in at least two

offices changed offices
53.1 Royalties and license fees payments Name and 53.1 Intellectual property payments
methodology
change
533 Communications, computer and Name and 533 ICT services imports
information services imports methodology
change

New indicator 535

Research talent in business
enterprise

6.1.1  National office patent applications

Name change 6.1.1

Patent applications by origin

6.1.3  National office resident utility model
applications

Name change 6.13

Utility model applications by origin

6.3.1 Royalties and license fees receipts

Name and 6.3.1

Intellectual property receipts

methodology
change

6.3.3  Communications, computer and
information services exports

Name and 633
methodology

ICT services exports

change

7.1.1  National office resident trademark
applications

Name change 701

Trademark application class count
by origin

7.1.2  Madrid System trademark
applications by country of origin

Replaced 712

Industrial designs by origin

Note: Orange text refers to name change at the sub-pillar level. Refer to Annex 1and Appendix ll for detailed explanation of terminologies and acronyms.
Indicators whose name did not change but methodology at the source did are not part of this list. Refer to Appendix Ill for detailed explanation on

methodological changes at the source.

Telecommunication Union (ITU);
and the Joint Research Centre of
the European Commission (JRC)
as well as with private organizations
such as the International Organiza-
tion for Standardization (ISO); IHS
Global Insight; QS Quacquarelli Sy-
monds Ltd; Bureau van Dijk (BvD);

Z0okNIC Inc; and Google to obtain
the best available data on innovation
measurement 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 reference.

v
~
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A total of one sub-pillar and four-
teen indicators were modified this
year: sub-pillar 4.3 as well as four
indicators underwent name changes,
eight indicators underwent method-
ological changes (new computation
methodology at the source), three
indicators were added, one indica-
tor was replaced, and one indicator
changed its number as a result of the
framework adjustments. Indicators
that retained the same name as last
year but are derived from a source
that changed its methodology are
not identified in Table 1.

The statistical audit performed
by the JRC (see Annex 3) provides a
confidence interval for each ranking
following a robustness and uncer-
tainty analysis of the modelling

assumptions.

Sources of changes in the rankings

The GII compares the performance
of national innovation systems across
economies, and it also presents
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 rankings
can be misleading. Each ranking
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;

o data updates, the treatment of

outliers, and missing values; and

* the inclusion or exclusion of
countries/economies in the

sample.

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 economies.
Because the number of missing
values decreases every year, this

problem is reduced over time.

« Reference year. The data
underlying the GII do not refer
to a single year but to several
years, depending on the latest
available year for any given vari-
able. In addition, the reference
years for 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 com-

parability.

e 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.

A detailed economy study based
on the GII database and the country/
economy profile over time, coupled
with analytical work on grounds
that include innovation actors and
decision makers, yields the best
results in terms of grasping an
economy’s innovation performance
over time as well as possible avenues

for improvement.

Methodology and data

The revision of the computation
methodology for certain individual
indicators has caused significant
shifts in the results for several coun-
tries. The methodologies underpin-
ning indicators 5.2.5 (computed
by World Intellectual Property
Organization) and 5.3.1, 5.3.3,
6.3.1, 6.3.3, and 7.2.1 (computed
by World Trade Organization) have
been revised. In addition, indicators
4.2.2 and 4.3.3 (computed by the
World Bank) changed methodology
because of the need for a different

source of data.'

Missing values

Since its inception, the GII has had
a positive influence on data avail-
ability, increasing awareness of the
importance of submitting timely
data. The number of data points
submitted by economies to interna-
tional data agencies has substantially
increased in recent years.

When it comes to country cover-
age, the objectiveistoincludeasmany
economies as possible. However, it is
also important to maintain a good

level of data coverage within each




of these economies. Because the GII
results are linked to data availability
(see the JRC Statistical Audit pre-
sented in Annex 3 for more details),
which affects the overall GII ranks,
this year the minimum data coverage
threshold rule was adjusted—on the
recommendation of the JRC—to
maintain the significance of both the
GII results and the country sample.
This year, to be included in the GII,
an economy must have a minimum
symmetric data coverage of 33
indicators in the Innovation Input
Sub-Index (60%) and 16 indicators
in the Innovation Output Sub-Index
(60%), and it must have scores for
at least two sub-pillars per pillar.
Missing values are indicated with
‘n/a’ and are not considered in the
sub-pillar score.

This adjustment derives from a
sensitivity that is the result of the data
availability, which is less satisfactory
in the case of the Output Sub-Index:
13 countries that were part of the
GII 2015 have data coverage below
the 60% threshold in the 27 vari-
ables in the Output Sub-Index. In
contrast, data coverage is satisfactory
in all of these cases in the Input Sub-
Index (all of these economies have
indicator coverage of more than
60% over the 55 input variables).
As a result, the following countries
included in the GII 2015 dropped
out this year: Angola, Barbados,
Cabo Verde, Fiji, Gambia, Guyana,
Lesotho, Myanmar, Seychelles,
Sudan, Swaziland, Uzbekistan, and
Zimbabwe.?

Despite this rule change, for sev-
eral economies the number of miss-
ing data points remains very high.
Table 2 lists the countries that have
the highest number of missing data
points (20 or more), ranking them
according to how many data points
are missing.

Conversely, Table 3 lists those
economies with the best data

Table 2: GIl economies with the most

Table 3: GIl economies with the fewest

missing values missing values
Economy Number of missing values Economy Number of missing values
Yemen 29 Hungary 0
Nicaragua 27 Mexico 0
Burundi 27 Colombia 0
Niger 27 Malaysia 1
Bhutan 26 Poland 1
Togo 26 Russian Federation 1
Benin 24 Japan 2
Guinea 24 France 2
Malawi 23 Austria 2
Cote d'lvoire 23 Czech Republic 2
Burkina Faso 23 Italy 2
Rwanda 22 Portugal 2
Tajikistan 22 Turkey 2
Jamaica 22 Thailand 2
Honduras 2 South Africa 2
Nepal 21 Ukraine 2
Mozambique 20 Germany 3
Cambodia 20 Korea, Rep. 3
Australia 3
Belgium 3
Slovakia 3
Bulgaria 3
coverage, ranking them according ;
to the least number of missed data i
) ) o Romania 3
points. These economies are missing Indonesia ;
at most only five data points; some )
.. Switzerland 4
are missing none at all. dweden .
United Kingdom 4
Finland 4
New Zealand 4
Israel 4
Norway 4
Estonia 4
Slovenia 4
Lithuania 4
Brazil 4
Philippines 4
Kazakhstan 4
Argentina 4
United States of America 5
Ireland 5
Denmark 5
Latvia 5
Greece 5
India 5
Egypt 5
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Notes

1

The update by the World Intellectual
Property Organization for patent families
filed in two instead of three offices is meant
to capture a wider range of patent families.
The update for indicators derived from the
World Trade Organization data is twofold:

it reflects changes to the codes and also

a different classification methodology

for the variables used to calculate these
indicators, which now follows the Balance
of Payments Manual 6. The changes in the
World Bank indicators are based on the

fact that Standard & Poor’s discontinued its
Global Stock Markets Factbook, which was the
main source of data for these indicators. The
current source of the data used is the World
Federation of Exchanges (WFE), which uses
a different methodology. The WFE provides
data according to its membership list. See
Appendix Il for further details.

Although Trinidad and Tobago has sufficient
coverage in both the Input and Output Sub-
Indices, it also drops out of the GlI this year
because it does not have scores for at least
two sub-pillars in pillar 2: Human capital and
research. Conversely, Benin—which was

not included in the Gl 2015—enters the GlI
this year with the required coverage in both
sub-indices and sufficient data availability per
pillar.




ANNEX 3

Joint Research Centre Statistical Audit of the 2016 Global Innovation Index

MicHAELA SAISANA, MARCOS DomiNGuEzZ-TORREIRO, and DANIEL VERTESY, European Commission, Joint Research Centre (JRC), Ispra, Italy

Conceptual and practical challenges
are inevitable when trying to under-
stand and model the fundamentals
of innovation at the national level
worldwide. In its ninth edition, the
2016 Global Innovation Index (GII)
considers these conceptual challenges
in Chapter 1 and deals with practical
challenges—related to data quality
and methodological choices—by
grouping country-level data across
82 indicators into 21 sub-pillars, 7
pillars, 2 sub-indices, and, finally,
an overall index. The object of this
annex is to offer a detailed insight
into the practical issues related to the
construction of the index, analysing
in-depth the statistical soundness
of the calculations and assumptions
made to arrive at the final index
rankings. Notwithstanding, statisti-
cal soundness should be regarded as a
necessary but not a sufficient condi-
tion for a sound GII, since the cor-
relations underpinning the majority
of the statistical analyses carried out
herein ‘need notnecessarily represent
the real influence of the individual
indicators on the phenomenon being
measured’.! Consequently, the devel-
opment of the GII must be nurtured
by a dynamic iterative dialogue
between the principles of statistical
and conceptual soundness or, to put
it another way, between the theo-
retical understanding of innovation
and the empirical observations of the
data underlying the variables.

The European Commission’s
Competence Centre on Composite

Indicators and Scoreboards at the
Joint Research Centre (JRC) in
Ispra has been invited for the sixth
consecutive year to audit the GII.
As in previous editions, the present
JRC audit will focus on the statis-
tical soundness of the multi-level
structure of the index as well as on
the impact of key modelling assump-
tions on the results.> The indepen-
dent statistical assessment of the GII
provided by the JRC guarantees the
transparency and reliability of the
index for both policy makers and
other stakeholders, thus facilitating
more accurate priority setting and
policy formulation in this particular
field.

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 the added
value of the GII and a measure of
distance to the efficient frontier of
innovation by using data envelop-

ment analysis.

Conceptual and statistical coherence in
the GIl framework

An earlier version of the GII model
was assessed by the JRC in April—
May 2016. Fine-tuning suggestions
were taken into account in the final

computation of the rankings in an
iterative process with the JRC aimed
at setting the foundation for a bal-
anced index. The entire process fol-
lowed four steps (see Figure 1).

Step 1: Conceptual consistency

Eighty-two 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
within the period 2006-15 were
used for each economy. Almost 75%
of the available data refer to 2014 or
more recent years. In past editions,
countries were included if data
availability was at least 60% across
all variables in the GII framework.
A more stringent criterion was
adopted this year, following the JRC
recommendation of past GII audits.
This year countries were included
if data availability was at least 60%
within each of the two sub-indices
(i.e., 33 out of 55 variables within
the Input Sub-Index and 16 out of
the 27 variables in the Output Sub-
Index) and at least two of the three
sub-pillars in each pillar could be
computed. This more stringent cri-
terion for a country’s inclusion in the

GII is introduced this year to ensure

Annex 3: JRC Statistical Audit of the GlI
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Figure 1: Conceptual and statistical coherence in the GIl 2016 framework

Step 4. Qualitative review
«Internal qualitative review (INSEAD, WIPO, Cornell University)
« External qualitative review (JRC, international experts)

7

Step 3. Statistical coherence
« Treatment of highly collinear variables as a single indicator
« Assessment of grouping indicators into sub-pillars, to pillars,
to sub-indices, and to the Gl
« 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

7

Step 2. Data checks

« Check for data recency (almost 75% of available data refer to
2014-2015)

«Mvailability requirements per country: coverage > 60% for the Input
and the Output Sub-Indices and at least two sub-pillars per pillar

« Check for reporting errors (interquartile range)

« Qutlier treatment (skewness and kurtosis)

« Direct contact with data providers

.

Step 1. Conceptual consistency

« Compatibility with existing literature on innovation and pillar
definition

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

Source: Saisana, Dominquez-Torreiro, and Vertesy, European Commission Joint Research Centre, 2016.

that country scores for the GII and
for the two Input and Output Sub-
Indices are not particularly sensitive
to the missing values (as was the case
for the Output Sub-Index scores of
several countries in past editions).

Potentially problematic indicators

that could bias the overall results
were identified as those having
absolute skewness greater than 2 and
kurtosis greater than 3.5;” these were
treated either by winsorization or by
taking the natural logarithm (in case
of more than five outliers). These

criteria were decided jointly with
the JRC back in 2011 (see Appendix
IV Technical Notes in this report for
details).

Step 3: Statistical Coherence

Weights as scaling coefficients
Weights of 0.5 or 1.0 were jointly
decided between 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)
and Becker et al. (2016) show that,
in weighted arithmetic averages, the
ratio of two nominal weights gives
the rate of substitutability between
the two indicators and hence can be
used to reveal the relative impor-
tance of individual indicators. This
importance can then be compared
with ex-post measures of variables’
importance, such as the non-linear
Pearson correlation ratio. As a result
of this analysis, 36 out of 82 indicators
and two sub-pillars—7.2 Creative
goods and services and 7.3 Creation
of online content—were assigned
half weight while all other indica-
tors and sub-pillars were assigned a
weight of 1.0. Nevertheless, for seven
indicators with Pearson correlation
coefficients less than 0.3 with the
respective sub-pillars, some further
reflection is needed because they
seem to behave as ‘noise’ at all aggre-
gation levels in the GII framework
despite the fact that their inclusion
was based on conceptual grounds or
practical experience. This applies to
2.2.2 Graduates in science and engi-
neering; 3.2.3 Gross capital forma-
tion; 3.3.1 GDP per unit of energy
use; 4.1.3 Microfinance institutions’
gross loan portfolio; 5.2.3 GERD
financed by abroad; 5.3.4 Foreign




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

Knowledge
Human capital Market Business and technology Creative
Sub-pillar Institutions and research Infrastructure sophistication sophistication outputs outputs
Political environment 0.94 0.77 0.84 0.70 0.74 0.69 0.80
Regulatory environment 0.92 0.63 0.67 0.58 0.65 0.60 0.67
Business environment 0.90 0.71 0.75 0.68 0.62 0.68 0.71
Education 0.52 0.75 0.54 0.40 0.48 0.51 0.52
Tertiary education 0.65 0.79 0.75 0.57 0.46 0.52 0.57
Research and development (R&D) 0.69 0.89 0.77 0.78 0.81 0.84 0.74
Information and communication technologies (ICTs) 0.77 0.83 0.94 0.70 0.64 0.69 0.76
INPUT General infrastructure 0.62 0.62 0.74 0.55 0.58 0.56 0.54
Ecological sustainability 0.62 0.60 0.74 0.52 0.51 0.52 0.63
Credit 0.65 0.60 0.58 0.85 0.59 0.52 0.57
Investment 0.48 0.50 0.42 0.76 0.52 0.49 0.40
Trade, competition, & market scale 0.51 0.66 0.71 0.71 0.50 0.64 0.60
Knowledge workers 0.63 0.80 0.68 0.67 0.85 0.73 0.67
Innovation linkages 0.53 0.40 0.42 0.43 0.72 0.49 0.49
Knowledge absorption 0.60 0.56 0.56 0.54 0.82 0.71 0.59
Knowledge creation 0.63 0.79 0.63 0.66 0.75 0.88 0.77
Knowledge impact 0.51 0.51 0.56 0.44 0.50 0.73 0.59
Knowledge diffusion 0.52 0.54 0.51 0.52 0.64 0.73 0.50
OUTPUT
Intangible assets 0.62 0.61 0.67 0.54 0.56 0.65 0.89
Creative goods and services 0.67 0.63 0.64 0.54 0.61 0.69 0.84
Online creativity 0.81 0.78 0.77 0.67 0.76 0.77 0.88

Source: Saisana, Dominguez-Torreiro, and Vertesy, European Commission Joint Research Centre, 2016.

direct investment net inflows; and
6.2.1 Growth rate of GDP per person
engaged.

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 60% (pillar
4: Market sophistication) up to 84%
(pillar 1: Institutions) of the total
variance in the three underlying
sub-pillars. These results reveal that
the adjustments made to the 2016
GII framework have left unaffected
the already good statistical coher-
ence properties of the previous ver-

sion. Furthermore, results confirm

the expectation that the sub-pillars
are more correlated to their own pil-
lar than to any other pillar and that
all coefficients are greater than 0.70
(see Table 1).

The five input pillars share a sin-
gle statistical dimension that sum-
marizes 76% of the total variance,
and the five loadings (correlation
coefficients) of these pillars are very
similar to each other. This similar-
ity suggests that the five pillars make
roughly equal contributions to the
variation of the Innovation Input
Sub-Index scores, as envisaged by
the developing team. The reliability
of the Input Sub-Index, measured
by the Cronbach alpha value, is very
high at 0.95—well above the 0.70
threshold for a reliable aggregate.*

The
Knowledge and technology outputs

two output pillars—
and Creative outputs—are strongly

correlated to each other (0.80); they

are also both strongly correlated
with the Innovation Output Sub-
index (0.95). 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 Sub-
Index and Output Sub-Index is also
statistically justifiable because the
Pearson correlation coefficient of
either sub-index with the overall GII
is 0.97; the two sub-indices have a
correlation of 0.88. Thus far, results
show that the grouping of sub-
pillars into pillars, sub-indices, and
the GII 2016 is statistically coher-
ent, and that the GII has a balanced
structure at each aggregation level.
The only recommendation for next
year relates to a careful evaluation
of the seven indicators discussed
above—=2.2.2 Graduates in science
and engineering; 3.2.3 Gross capi-
tal formation; 3.3.1 GDP per unit
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Table 2: Distribution of differences between pillar and Gll rankings

Innovation Input Sub-Index

Innovation Output Sub-Index

Rank differences (positions) Institutions (%)

Human capital Market
and research (%)

Infrastructure (%) sophistication (%)

sophistication (%)

Business Knowledge and

technology outputs (%) Creative outputs (%)

More than 30 125 10.2 78 211 219 109 47
20-29 16.4 14.8 125 16.4 10.2 10.2 1.7
10-19 219 234 359 250 219 305 15.6
10 or more* 50.8 48.4 56.3 62.5 53.9 51.6 32,0
5-9 281 27 16.4 16.4 234 19.5 320
Less than 5 18.0 258 242 203 203 219 328
Same rank 31 31 31 0.8 23 7.0 31
Totalt 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Pearson correlation coefficient 038 090 089 081 086 092 093

with the GIl

Source: Saisana, Dominguez-Torreiro, and Vertesy, European Commission Joint Research Centre, 2016.

*This column is the sum of the prior three rows.
T This column is the sum of all white rows.

of energy use; 4.1.3 Microfinance
institutions’ gross loan portfolio;
5.2.3 GERD financed by abroad;
5.3.4 Foreign direct investment net
inflows; and 6.2.1 Growth rate of
GDP per person engaged. Because
their information content is lost in
the aggregation at the pillar level or
higher (sub-index and overall GII),
the recommendation is either to
increase the weight attached to these
indicators so that their information
is not lost in the aggregation or to
replace them with some more suit-
able indicators that are better proxies
of the conditions they are intended

to capture.

Added value of 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 reliabil-
ity. These results—the strong cor-
relation between Input and Output
Sub-Indices and the high statistical
reliability of the five input pillars—
may be interpreted by some as a sign
of redundancy of information in the
GII. The tests conducted by the JRC
indicate that this is not the case. In

fact, for more than 32% (up to 62.5%)
of the 128 economies included in the
GII 2016, 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 dem-
onstrates the added value of the GII
ranking, which helps to highlight
other aspects of innovation that do
not emerge directly by looking into
the seven pillars separately. At the
same time, this result points to the
value of duly taking into account the
GII pillars, sub-pillars, and individ-
ual indicators on their own merit. By
doing so, country-specific strengths
and bottlenecks on innovation can
be identified and serve as an input

for evidence-based policymaking.

Step 4: Qualitative Review

Finally, the GII results—includ-
ing overall country classifications
and relative performances in terms
of the Innovation Input or Output
Sub-Indices—were evaluated to
verify that the overall results are, to
a great extent, consistent with cur-
rent evidence, existing research, and
prevailing theory. Notwithstanding
these statistical tests and the positive
outcomes on the statistical coher-
ence of the GII structure, the GII

model is and has to remain open
for future improvements as better
data, more comprehensive surveys
and assessments, and new relevant
research studies become available.

The impact of modelling assumptions on

the Gll results

Setting up an underlying structure
for the index based on a battery
of pillars; choosing the individual
variables to be used as indicators;
deciding whether or not to impute
missing data; selecting the normal-
ization approach to be applied, the
weights to be assigned, the rule of
aggregation to be implemented, and
other elements of the index are all
modelling assumptions with a direct
impact on the GII scores and rank-
ings. The rationale for these choices
is manifold. For instance, expert
opinion is behind the selection of
the individual indicators, com-
mon practice suggests the use of a
min-max normalization approach
in the [0—100] range, the treatment
of outliers is driven by statistical
analysis, and simplicity and parsi-
mony criteria seem to advocate for
not imputing missing data. The

unavoidable uncertainty stemming




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

Reference

Alternative

. Uncertainty in the treatment of missing values

No estimation of missing data

Expectation Maximization (EM)

. Uncertainty in the aggregation formula at pillar level

Arithmetic average

Geometric average

Uncertainty intervals for the Gl pillar weights

Gll Sub-Index Pillar

Reference value for the weight

Distribution assigned for robustness analysis

Innovation Input Institutions 02 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 0.2 U[0.1,0.3]
Innovation Output Knowledge and technology outputs 0.5 U[0.4, 0.6]
Creative outputs 0.5 U[04, 0.6]

Source: Saisana, Dominguez-Torreiro, and Vertesy, European Commission Joint Research Centre, 2016.

from the above-mentioned model-
ling choices is accounted for in the
robustness assessment carried out by
the JRC. More precisely, the meth-
odology applied herein allows for
the joint and simultaneous analysis
of the impact of such choices on the
national scores, resulting in error
estimates and confidence intervals
calculated for the GII 2016 indi-
vidual country rankings.

As suggested in the relevant lit-
erature on composite indicators,” the
robustness assessment was based on
Monte Carlo simulation and multi-
modelling approaches, applied to
‘error-free’ data where potential
outliers and eventual errors and
typos have already been corrected
in a preliminary stage. In particu-
lar, the three key modelling issues
considered in the assessment of the
GII were the pillar weights, the
treatment of missing data, and the
aggregation formula used.

Monte Carlo simulation com-
prised 1,000 runs of different sets
of weights for the seven pillars in
the GII. The weights were assigned
to the pillars based on uniform
continuous distributions centred in
the reference values. The ranges of
simulated weights were defined by

taking into account both the need
for a wide enough interval to allow
for meaningful robustness checks
and the need to respect the under-
lying principle of the GII that the
Input and the Output Sub-Indices
should be placed on equal footings.
As a result of these considerations,
the limit values of uncertainty for
the five input pillars are 10%—-30%;
the limit values for the two output
pillars are 40%—60% (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. In
fact, with arithmetic average, the ‘no
imputation’ choice is equivalent to
replacing an indicator’s missing value
for a given country with the respec-
tive sub-pillar score. 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
fully compensatory nature, in which
a comparative high advantage on a

few indicators can compensate for a
comparative disadvantage on many
indicators.” For example, one may
argue that Ireland and Iceland,
despite their similar performance
at the Innovation Output Sub-
Index—Dboth close to 55.5 points
(rank 5th and 6th, respectively) are
very different if one considers how
these countries perform within the
sub-index. Ireland ranks 3rd in
Knowledge and technology outputs
and 10th in Creative outputs, while
Iceland is much more diverse: the
country ranks 22nd in Knowledge
and technology outputs, but it nota-
bly improves its overall position in
the Output Sub-Index thanks to
its 1st place position in Creative
outputs. To assess the impact of
this compensability issue, the JRC
relaxed the strong perfect substitut-
ability assumption inherent in the
arithmetic average and considered
instead the geometric average,
which is a partially compensatory
approach that rewards economies
with balanced profiles and motivates
economies to improve in the GII pil-
lars in which they perform poorly,
and not just in any GII pillar. ®
Four models were tested based

on the combination of no imputation
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Figure 2a: Robustness analysis (Gl rank vs. median rank, 90% confidence intervals)
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Source: Saisana, Dominguez-Torreiro, and Vertesy, European Commission Joint Research Centre, 2016.

Notes: Median ranks and intervals are calculated over 4,000 simulated scenarios combining random weights, imputed versus missing values, and geometric versus arithmetic average at the pillar level. The Spearman rank correlation between the

median rank and the GIl 2016 rank is 0.997.

Figure 2b: Robustness analysis (Input rank vs. median rank, 90% confidence intervals)
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Source: Saisana, Dominguez-Torreiro, and Vertesy, European Commission Joint Research Centre, 2016.

Notes: Median ranks and intervals are calculated over 4,000 simulated scenarios combining random weights, imputed versus missing values, and geometric versus arithmetic average at the pillar level. The Spearman rank correlation between the

median rank and the Innovation Input 2016 rank is 0.997.




Figure 2c: Robustness analysis (Output rank vs. median rank, 90% confidence intervals)
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Source: Saisana, Dominguez-Torreiro, and Vertesy, European Commission Joint Research Centre, 2016.
Notes: Median ranks and intervals are calculated over 4,000 simulated scenarios combining random weights, imputation versus no imputation of missing values, and geometric versus arithmetic average at the pillar level. The Spearman rank cor-
relation between the median rank and the Innovation Output 2016 rank is 0.992.

versus EM imputation, and arith-
metic 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
considered).

Uncertainty analysis results
The main results of the robustness
analysis are shown in Figure 2 with
median ranks and 90% confidence
intervals computed across the 4,000
Monte Carlo simulations for the
GII and the two sub-indices. The
figure orders economies from best
to worst according to their reference
rank (black line), the dot being the
median rank over the simulations.
All published GII 2016 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 is a shift
of fewer than 10 positions (roughly
plus or minus 5 positions) for 93 of
the 128 economies. However, it is
also true that six economy ranks
vary significantly with changes in
weights and aggregation formula
and, where applicable, they also
vary because of the estimation of
missing data. These six economies—
Belarus, Mozambique, Tajikistan,
Bhutan, Malawi, and Niger, in
rank order—have 90% confidence
interval widths between 20 and 29,
hence their GII ranks should be
interpreted cautiously and certainly
not taken at face value. This is a
remarkable improvement compared
to last year’s GII, where confidence
interval widths for 32 economies
lay between 20 and 29, for another
7 economies between 30 and 39, and

®  Median rank
=== (Il 2016 Output rank

for 2 countries the widths were 40
or greater. This improvement in the
confidence one can attach to the GII
2016 ranks is the direct result of the
developers’ choice to adopt a more
stringent criterion for a country’s
inclusion, which requires at least
60% data availability within each of
the two sub-indices. Some caution
is also warranted in the Input Sub-
Index for 8 economies—Kuwait,
Oman, Jordan, Rwanda, Bosnia and
Herzegovina, Cambodia, Bhutan,
and Venezuela—that have 90%
confidence interval widths over 20
(up to 29 for Rwanda). The Output
Sub-Index is slightly more sensitive
to the methodological choices: 14
countries—Kuwait, Oman, Belarus,
Rwanda, Mozambique, Tajikistan,
Namibia, Paraguay, Malawi,
Ecuador, Honduras, Nepal, Niger,
and Togo—have 90% confidence
interval widths over 20 (up to 44

[=2)
~
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Table 4: Gl 2016 and Input/Output Sub-Indices: Ranks and 90% confidence intervals

Gll 2016 Input Sub-Index Output Sub-Index
Country/Economy Rank Interval Rank Interval Rank Interval
Switzerland 1 11,21 6 [3,6] 1 [1,2]
Sweden 2 [2,3] 5 [2,6] 2 [2,3]
United Kingdom 3 1,31 7 [4,8] 4 11,5
United States of America 4 [4,5] 3 [2,8] 7 [6,11]
Finland 5 [4,5] 4 [2,8] 10 [8,10]
Singapore 6 [6,11] 1 [1,1] 20 [17,22]
Ireland 7 [6,11] 16 [13,17] 5 [4,8]
Denmark 8 [7,1] 8 [7,1] 13 [12,13]
Netherlands 9 [6,10] 12 [11,14] 9 [7,101
Germany 10 [6,11] 18 [16,18] 8 [5,8]
Korea, Republic of n [9,13] 13 [10,16] n [10,12]
Luxembourg 12 [8,13] 23 [20, 25] 3 [2,4]
Iceland 13 [13,15] 24 [21,24] 6 [5,11]
Hong Kong (China) 14 [11,15] 2 [2,6] 25 [22,25]
(anada 15 [15,18] 10 [7,12] 23 [23,26]
Japan 16 [14,17] 9 [8,10] 24 [21,25]
New Zealand 17 [15,19] 14 [13,18] 17 [16, 20]
France 18 [15,18] 15 [13,17] 19 [15,20]
Australia 19 [19,23] " [10,12] 27 [27,31]
Austria 20 [19,21] 19 [18,20] 2 [18,22]
Israel 21 [18,25] 21 [19,23] 16 [16, 24]
Norway 2 [21,25] 17 [14,19] 26 [25,28]
Belgium 23 [21,24] 20 [20,23] 18 [17,22]
Estonia 24 [21,24] 27 [25,30] 14 [13,14]
China 25 [22,27] 29 [24,35] 15 [13,15]
Malta 26 [25,28] 35 [32,36] 12 [11,18]
Czech Republic 27 [26, 28] 26 [25,29] 21 [18,22]
Spain 28 [26, 28] 2 [20,24] 28 [27,30]
Italy 29 [29,29] 28 [25,30] 31 [30,31]
Portugal 30 [30,32] 30 [28,32] 32 [29,32]
Cyprus 31 [30,32] 33 [30, 36] 29 [26, 30]
Slovenia 32 [31,33] 31 [26,33] 33 [33,34]
Hungary 33 [32,34] 38 [36,40] 30 [26,32]
Latvia 34 [33,35] 36 [34,40] 34 [33,34]
Malaysia 35 [34,35] 32 [26,33] 39 [38,39]
Lithuania 36 [36,38] 34 [32,35] 4 [40, 46]
Slovakia 37 [36,37] 42 [39,44] 38 [37,38]
Bulgaria 38 [36,38] 49 [47,51] 35 [35,36]
Poland 39 [39, 40] 39 [37,40] 46 [45, 46]
Greece 40 [40, 46] 37 [35,43] 49 [48, 53]
United Arab Emirates / [40, 52] 25 [25,32] 75 [68, 78]
Turkey 42 [40, 45] 59 [52, 66] 37 [37,39]
Russian Federation 43 [40, 47] 44 [38,49] 47 [47,51]
Chile 44 (40, 47] 40 [37,42] 53 [51,55]
Costa Rica 45 [42,47] 50 [47,58] 44 (40, 45]
Moldova, Republic of 46 [41,49] 74 [69, 76] 36 [35,36]
Croatia 47 [44, 48] 45 [43,47] 48 [47,51]
Romania 48 [42,49] 52 [48, 58] 45 [42, 46]
Saudi Arabia 49 [47,59] 43 [39,49] 54 [53,70]
Qatar 50 [49, 62] 4 [38,47] 58 [58,771
Montenegro 51 [49,52] 46 [44,51] 52 [52,54]
Thailand 52 [49, 53] 57 [47,61] 50 (48, 52]
Mauritius 53 [50, 61] 48 [44, 60] 68 [55,69]
South Africa 54 [53,59] 47 [41,52] n [66,71]
Mongolia 55 [48,57] 66 [57,70] 51 [40, 51]
Ukraine 56 [50, 60] 76 [65, 84] 40 [40, 44]
Bahrain 57 [54, 66] 51 [47,58] 67 [63,69]
TFYR of Macedonia 58 [56, 69] 62 [56, 69] 55 [53,63]
Viet Nam 59 [53, 68] 79 [72,82] 42 [41,50]
Armenia 60 [55,61] 80 [73,87] 43 [43,45]
Mexico 61 [57,62] 60 [54,61] 62 [59, 64]
Uruguay 62 [59, 68] 61 [55,70] 66 [60, 70]
Colombia 63 [59, 67] 53 [45, 58] 74 [70,74]
Georgia 64 [64,71] 67 [63, 76] 60 [58, 65]




Table 4: Gl 2016 and Input/Output Sub-Indices: Ranks and 90% confidence intervals (continued)

Gll 2016 Input Sub-Index Output Sub-Index
Country/Economy Rank Interval Rank Interval Rank Interval
Serbia 65 [59, 671 68 [59,72] 63 [57,64]
India 66 [59, 68] 7 [61,74] 59 [55,67]
Kuwait 67 [65,74] 78 [70,95] 56 [52,74]
Panama 68 [52,69] 3 [62,77] 61 [47,62]
Brazil 69 [65,70] 58 [49, 62] 79 [74,80]
Lebanon 70 [66, 73] 85 [76, 85] 57 [57,60]
Peru n [70,77] 56 [54, 64] 87 [87,95]
Morocco 7 [63,73] 75 [65, 84] 70 [56,72]
Oman 73 [71,85] 63 [51,76] 86 [85,114]
Philippines 74 [71,75] 86 [80,87] 64 [57,69]
Kazakhstan 75 [74,79] 65 [60, 68] 90 [87,99]
Dominican Republic 76 [76,90] 84 [78,90] 82 [80, 98]
Tunisia 77 [75,82] 82 [71,87] 84 [78,84]
Iran, Islamic Republic of 78 [73,82] 90 [82,99] 72 [59,73]
Belarus 79 [65, 93] 64 [52, 691 103 [67,110]
Kenya 80 [76, 84] 97 [87,106] 65 [62,76]
Argentina 81 [75,83] 77 [65,82] 89 [82,89]
Jordan 82 [79, 85] 88 [78,98] 77 [76,81]
Rwanda 83 [76,91] 55 [51,80] 114 [79,114]
Mozambique 84 [75,100] 96 [88,103] 73 [70, 100]
Azerbaijan 85 [83,91] 81 [76,95] 9% [90, 971
Tajikistan 86 [80,102] 102 [96, 110] 69 [65,92]
Bosnia and Herzegovina 87 [83, 96] 70 [63, 84] 104 [102,113]
Indonesia 88 [82,92] 99 [93,102] 76 [74,77]
Jamaica 89 [82,91] 83 [78,88] 99 [82,100]
Botswana 90 [85,97] 69 [66, 76] 1M [108,118]
Sri Lanka 91 [82,92] 98 [91,104] 78 [72,79]
Albania 92 [90,103] Al [67, 84] 15 [113,118]
Namibia 93 [89,109] 87 [84,98] 101 [94,116]
Paraguay 94 [83,97] 95 [90, 971 88 [73,101]
(ambodia 95 [91,104] 94 [89,111] 95 [90, 96]
Bhutan 96 [84,113] 54 [53,74] 122 [107,126]
Guatemala 97 [92,100] 101 [96,105] 93 [88,99]
Malawi 98 [90,111] 110 [105,113] 8 [80, 106]
Uganda 99 [96, 108] 91 [87,102] 105 [100, 116]
Ecuador 100 [87,102] 100 [92,102] 97 [79,103]
Honduras 101 [89,103] 93 [85,99] 106 [84,107]
Ghana 102 [93, 104] 103 [91, 104] 100 [96, 112]
Kyrgyzstan 103 [98,105] 92 [83,94] 109 [106,119]
El Salvador 104 [92,110] 89 [86, 94] 110 [101,118]
Tanzania, United Republic of 105 [102, 108] 117 [108, 125] 80 [78,90]
Senegal 106 [97,107] 109 [102,112] 96 [86,97]
Egypt 107 [98,108] 107 [100, 111] 98 [95,105]
Cote d'Ivoire 108 [101,111] 121 [115,122] 81 [78,95]
Bolivia, Plurinational State of 109 [103,112] 108 [98,113] 102 [100, 108]
Ethiopia 110 [107,115] 124 [120, 125] 85 [84, 95]
Madagascar m [109, 120] 120 [118,126] 91 [90,102]
Mali 112 [107, 18] 119 [115,122] 92 [87,104]
Algeria 113 [110,121] 104 [98,112] 116 [114,125]
Nigeria 14 [113,120] 122 [112,125] 107 [104,111]
Nepal 15 [113,117] 116 [114,122] 12 [92,112]
Nicaragua 116 [107, 120] 106 [102,112] 120 [106, 120]
Bangladesh 17 [116,124] 115 [110,121] 17 [115,124]
Cameroon 118 [114,125] 118 [114,124] 113 [110,121]
Pakistan 119 [115,122] 123 [114,124] 108 [106, 116]
Venezuela, Bolivarian Republic of 120 [116,127] 12 [100, 125] 19 [119, 128]
Benin 21 [116,121] m [107,122] 121 [109, 121]
Burkina Faso 122 [116, 126] 105 [98,117] 127 [121,128]
Burundi 123 [121,127] 114 [112,127] 123 [122,127]
Niger 124 [106, 128] 113 [101, 115] 125 [106, 128]
Zambia 125 [121,125] 126 [111,128] 118 [117,125]
Togo 126 [111,126] 125 [121,125] 126 [82,126]
Guinea 127 [123,128] 127 [126, 128] 124 [120,125]
Yemen 128 [126,128] 128 [125,128] 128 [125,128]
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Table 5: Sensitivity analysis: Impact of modelling choices on economies with most sensitive ranks

Index or Sub-Index Uncertainty tested (pillar level only)

Number of economies that improve

Number of economies that deteriorate

by 20 or more positions by 20 or more positions

Gll Geometric vs. arithmetic average

1

EM imputation vs. no imputation of missing data

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

Input Sub-Index

Geometric vs. arithmetic average

EM imputation vs. no imputation of missing data

o | O | O | O

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

Output Sub-Index

Geometric vs. arithmetic average

EM imputation vs. no imputation of missing data

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

AN |]O|lO|lO|O|O|O|O

Source: Saisana, Dominguez-Torreiro, and Vertesy, European Commission Joint Research Centre, 2016.

for Togo). This sensitivity is mostly
the consequence of the estimation of
missing data and the fact that there
are only two pillars: this means that
changes to the imputation method,
weights, or aggregation formula
have a more notable impact on the
country ranks in the Innovation
Output Sub-Index.

Although a few economy ranks,
in the GII 2016 overall or in the
two sub-indices, appear to be sensi-
tive to the methodological choices,
the published rankings for the vast
majority can be considered as repre-
sentative of the plurality of scenarios
simulated herein. Taking the median
rank as the yardstick foran economy’s
expected rank in the realm of the
GII’s unavoidable methodological
uncertainties, 75% of the economies
are found to shift fewer than three
positions with respect to the median
rank in the GII (three and four posi-
tions in the Input and Output Sub-
Index, respectively). Note that in the
past GII 2015, 75% of the economies
included were found to shift fewer
than seven positions with respect to
the median rank in the GII (seven
and eleven positions in the Input and
Output Sub-Indices, respectively).
This result further confirms that the

developers’ choice to require higher
data availability for a country’s
inclusion in this year’s GII has led
to more reliable country ranks for
the GII and the two sub-indices.
For full transparency and infor-
mation, Table 4 reports the GII 2016
Index and Input and Output Sub-
Indices economy ranks together
with the simulated 90% confidence
intervals in order to better appreciate
the robustness of the results to the
choice of weights, of the aggregation
formula and the impact of estimat-
ing missing data (where applicable).
Note: Median ranks and inter-
vals are calculated over 4,000 simu-
lated scenarios combining random
weights, imputation versus no impu-
tation of missing values, and geo-
metric versus arithmetic average at
the pillar level. The Spearman rank
correlation between the median
rank and the Innovation Output

2016 rank is 0.992.

Sensitivity analysis results

Complementary to the uncertainty
analysis, sensitivity analysis has been
used to identify which of the mod-
elling assumptions have the highest
impact on certain country ranks.

Table 5 summarizes the impact of

one-at-a-time changes of either the
EM imputation method or the geo-
metric aggregation formula, with
random weights. As in past versions
of the GII, the most influential
assumption is the choice of no impu-
tation versus EM imputation. Yet,
unlike past editions, the decision as
to whether to impute or not missing
data has the same influence on both
the Input and the Output Sub-Index
(note that in past GII editions the
Output Sub-Index was found to be
much more sensitive to the estima-
tion of missing data than the Input
Sub-Index). The GII is found not to
be heavily influenced by the impu-
tation of missing data. The choice
of the aggregation formula does not
have a pronounced impact on the
economies’ ranks; if the geometric
averaging across the pillars is used
instead of an arithmetic averaging,
then merely four countries—Belarus,
Albania, Namibia, and Bhutan,
in rank order—would decline by
more than 10 positions (up to 26 for
Bhutan), while no economy would
improve by 10 positions or more.
Allin all, the published GII 2016
ranks are reliable and for the vast
majority of countries the simulated

90% confidence intervals are narrow




Table 6: Pie shares (absolute terms) and efficiency scores for the top 25 economies in the Gll 2016

Input pillars Output pillars
Knowledge
and Efficient
Human capital Market Business  technology  Creative  frontier rank Efficiency  Difference
Country/Economy Institutions ~ and research Infrastructure sophistication sophistication  outputs outputs (DEA) Gll rank Difference  ratiorank  from Gll rank

Sweden 0.20 0.05 0.20 0.16 0.05 1 2 1 10 -8
Singapore 0.19 0.17 0.05 0.05 1 6 5 78 -n2
United Kingdom 0.10 ! 0.05 0.20 4 3 -1 14 -n
United States of America . 0.05 0.20 0.20 5 4 -1 25 -21
Finland 6 5 -1 32 =27

Denmark 0.10 7 8 1 34 -26

Hong Kong (China) 0.08 8 14 6 83 —69
Netherlands 0.20 9 9 0 20 -n
Ireland 0.20 10 7 -3 8 -1

Korea, Rep. 0.05 10 n 1 24 -13
Germany 0.05 12 10 -2 9 1
(Canada 0.05 0.09 12 15 3 57 42

Japan 0.09 0.05 12 16 4 65 —49

Australia 0.05 0.10 12 19 7 73 -54
Luxembourg 0.10 16 12 —4 1 n
New Zealand 0.05 0.10 16 17 1 40 =23
France 0.05 0.10 18 18 0 44 -26

Iceland 0.05 19 13 -6 3 10

Austria 0.05 19 20 1 ] -23

Norway 0.05 0.11 21 22 1 55 -33

Israel 0.05 0.11 2 21 -1 23 -2

Belgium . 0.05 2 23 1 27 —4

Estonia 0.05 0.05 25 24 -1 6 18

China 0.05 0.10 0.20 0.20 0.20 0.20 0.05 25 25 0 7 18

Source: Saisana, Dominguez-Torreiro, and Vertesy, European Commission Joint Research Centre, 2016.
Notes: Pie shares are in absolute terms, bounded by 0.05 and 0.20. In the GIl 2016, however, the five input pillars each have a fixed weight of 0.10; the two output pillars each have a fixed weight of 0.25.

enough for meaningful inferences
to be drawn. Nevertheless, the read-
ers of the GII 2016 report should
consider country ranks in the GII
2016 and in the Input and Output
Sub-Indexes not only at face value
but also within the 90% confidence
intervals in order to better appreci-
ate the degree to which a country’s
rank depends on the modelling
choices. This year, following the
JRC recommendation from past
GII audits, the developers’ choice
to apply the 60% indicator coverage

threshold separately to the Input and
the Output Sub-Indices has led to
a net increase in the reliability of
country ranks for the GII and the
two sub-indices.

Distance to the efficiency 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 country-specific strat-
egies. Comparing the multi-dimen-
sional performance on innovation by

subjecting countries to a fixed and
common set of weights may prevent
acceptance of an innovation index
on grounds that a given weighting
scheme might not be fair to a partic-
ular country. An appealing feature of
the more recent Data Envelopment
Analysis (DEA) literature applied in
real decision-making settings is to
determine endogenous weights that
maximize the overall score of each
decision-making unit given a set of
other observations.

H
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In this section, the assumption
of fixed pillar weights common to
all countries is relaxed once more;
this time country-specific weights
that maximize a country’s score are
determined endogenously by DEA’
In theory, each country is free to
decide on the relative contribution
of each pillar to its score, so as to
achieve the best possible score in a
computation that reflects its innova-
tion strategy. In practice, the DEA
method assigns a higher (lower)
contribution to those pillars in
which a country is relatively strong
(weak). Reasonable constraints on
the weights are assumed to preclude
the possibility of a country achieving
a perfect score by assigning a zero
weight to weak pillars: for each
country, 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 pil-
lar scores, where the weights are
the country-specific DEA weights,
compared to the best performance
among all other countries 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 sharesand
DEA scores for the top 25 countries
in the GII 2016, next to the GII 2016
ranks and efficiency ratio ranks. All
pie shares are in accordance with the
starting point of granting leeway to
each country when assigning shares,
while not violating the (relative)
upper and lower bounds. The pie
shares are quite diverse, reflecting
the different national innovation
strategies. These pie shares can also
be seen to reflect countries compar-
ative advantage in certain GII pillars
vis-a-vis all other countries and all
pillars. For example, Sweden obtains
aperfect DEA score of 1 by assigning

20% of its DEA score to Human
capital and research, Infrastructure, and
Business sophistication, while merely
5% of its DEA score comes from
Market sophistication and Creative
outputs. Instead, countries includ-
ing the United Kingdom (UK), the
United States of America (USA), and
Denmark would assign 20% of their
DEA scores to Market sophistica-
tion. Three countries—Switzerland,
Sweden, and Singapore—reach a
perfect DEA score of 1. These coun-
tries are closely followed by the UK,
the USA, Finland, Denmark, and
Hong Kong (China), which score
between 0.95 and 0.99 in terms of
efficiency. Figure 3 shows how close
the DEA scores and the GII 2016
scores are for all 128 economies
(correlation of 0.98)." Note that, by
construction, the version of the DEA
used herein is closer to the GII than
to the efficiency ratio calculated as
the Output Sub-Index score divided
by the Input Sub-Index score (which
has a correlation of 0.59).

Conclusions

The JRC analysis suggests that the
conceptualized multi-level structure
of the GII 2016—with its 82 indica-
tors, 21 sub-pillars, 7 pillars, 2 sub-
indices, up to an overall index—is
statistically sound and balanced: that
is, each sub-pillar makes a similar
contribution to the variation of its
respective pillar. Nevertheless, a
careful reflection by the GII team
is needed for seven out of the 82
indicators because their capacity to
distinguish countries’ performance
is lost in the aggregation at the pillar
level or higher. Six indicators related
to the inputs of innovation—2.2.2
Graduates in science and engineer-
ing; 3.2.3 Gross capital formation;
3.3.1 GDP per unit of energy use;
4.1.3 Microfinance institutions’
gross loan portfolio; 5.2.3 GERD

financed by abroad; 5.3.4 Foreign
direct investment net inflows—and
one indicator related to the outputs
of innovation, 6.2.1 Growth rate of
GDP per person engaged, need to
be reviewed because their statisti-
cal relevance to the GII framework
is very weak, unlike their strong
The no-

imputation choice for not treating

conceptual relevance.

missing values, common in relevant
contexts and justified on grounds of
transparency and replicability, can
at times have an undesirable impact
on some country scores, with the
additional negative side-effect that
it may encourage countries not to
report low data values. This year’s
adoption by the GII team of a more
stringent data coverage threshold (at
least 60% for the input- and output-
related indicators, separately) has
notably improved the confidence in
the country ranks for the GII and
the two sub-indices. Additionally,
the choice of the GII team, which
has been followed since 2012, to use
weights as scaling coefficients dur-
ing the development of the index
constitutes a significant departure
from the traditional, yet erroneous,
vision of weights as a reflection of
indicators’ importance in a weighted
average. It is hoped that such a con-
sideration will be made also by other
developers of composite indicators
to avoid situations where bias sneaks
in when least expected.

The strong correlations between
the GII components are proven not
to be a sign of redundancy of infor-
mation in the GII. For more than
32% (up to 62.5%) of the 128 econo-
mies included in the GII 2016, the
GII ranking and the rankings of any
of the seven pillars differ by 10 posi-
tions or more. This demonstrates
the added value of the GII ranking,
which helps to highlight other com-
ponents of innovation that do not
emerge directly by looking into the




Figure 3: Gl 2016 scores and DEA ‘distance to the efficient frontier’ scores
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Source: Saisana, Dominguez-Torreiro, and Vertesy, European Commission Joint Research Centre, 2016.
Note: For comparison purposes, we have rescaled the Gll scores by dividing them with the best performer in the overall GIl 2016.

seven pillars separately. At the same
time, this finding points to the value
of duly taking into account the GII
pillars, sub-pillars, and individual
indicators on their own merit. By
doing so, country-specific strengths
and bottlenecks in innovation can be
identified and serve as an input for
evidence-based policy making.

All published GII 2016 ranks
lie within the simulated 90% con-
fidence intervals that take into
account the unavoidable uncertain-
ties in the estimation of missing data,
the weights (fixed vs. random), and
the aggregation formula (arithmetic
vs. geometric average) at the pil-
lar level. For the vast majority of
countries these intervals are narrow
enough for meaningful inferences
to be drawn: the intervals comprise
fewer than 10 positions for 93 of

the 128 economies. Some caution

is needed merely for six countries
with ranks that are highly sensitive
to the methodological choices. The
Input and Output Sub-Indices have
the same modest degree of sensitiv-
ity to the methodological choices
related to the imputation method,
weights, or aggregation formula.
Country ranks, either in the GII
2016 or in the two sub-indexes,
can be considered representative of
the many possible scenarios: 75% of
the countries shift fewer than three
positions with respect to the median
rank in the GII (three and four posi-
tions, respectively, in the Input and
Output Sub-Indices).

All things considered, the present
JRC audit findings suggest that the
GII 2016 meets international qual-
ity standards for statistical sound-
ness, indicating that the GII index

is a reliable benchmarking tool for

innovation practices at the country
level around the world.

That said, the GII should not be
seen as the ultimate and definitive
ranking of countries with respect to
innovation. On the contrary, the GII
best represents an ongoing attempt
by Cornell University, the business
school INSEAD, and the World
Intellectual Property Organization
to find metrics and approaches that
better capture the richness of innova-
tion, continuously adapting the GII
framework to reflect the improved
availability of statistics and the theo-
retical advances in the field. In any
case, the GII should be regarded as
a sound attempt to pave the way for
better and more informed innova-

tion policies worldwide.
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Notes

1

2

OECD/EC JRC, 2008, p. 26.

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 https://
ec.europa.eu/jrc/en/coin.

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
(141 economies).

Nunnally, 1978.
Saisana et al., 2005; Saisana et al,, 2011.

The Expectation-Maximization (EM) algorithm
(Little and Rubin, 2002; Schneider, 2001) 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.

Munda, 2008.

In the geometric average, pillars are

multiplied as opposed to summed 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 10
averages.

A question that arises from the Gll approach
is whether there is a way to benchmark
countries” multi-dimensional performance
on innovation without imposing a fixed

and common set of weights that may not

be fair to a particular country. The original
question in the DEA literature was how to
measure each unit's relative efficiency in
production compared to 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 (Cherchye et al., 2008; Melyn
and Moesen, 1991). To estimate DEA-based
distance to the efficient frontier scores, we
consider the m =7 pillars in the Gl 2016 for
n =128 countries, with y, the value of pillar
Jjin country i. The objective is to combine
the pillar scores per country into a single
number, calculated as the weighted average
of the m pillars, where w, represents the
weight of the i-th 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 j:

7
2w,

y = max =
wij 7,
max 2.y, W,

(bounding
constraint)

Yo e ssaj=1

subject to

= (non-negativity
(= 0, °

constraint)

where
j=1...1
i=1,...,128

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

Of these, only Luxembourg achieved

a 1.0 score in the Innovation Efficiency
Ratio, calculated as the ratio of the Output
Sub-Index over the Input Sub-Index. The
Efficiency Ration and the DEA score embed
very different concepts of efficiency leading
to completely different results and insights.
A high score in the Innovation Efficiency
Ratio is obtained by scoring more on the
Output Sub-Index than on the Input Sub-
Index, irrespective of the actual scores in
these two sub-indices. Instead, a high score
in the DEA score can be obtained by having
comparative advantages on several Gll pillars
(irrespective of these being input or output
pillars). The DEA scores are therefore closer
to the Gll scores than to the Innovation
Efficiency Ratio.
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CHAPTER 2

A Bigger Bang for the Buck: Trends, Causes, and Implications of the
Globalization of Science and Technology

SumA ATHREYE, Brunel University, United Kingdom

JoHN CANTWELL, Rutgers University, United States of America

The world has changed rapidly in
many respects, but for scholars study-
ing advances in science and technol-
ogy (S&T) and its commercialization
through innovation within firms, the
rapid globalization of S&T since the
1990s has been both remarkable and
also something of a puzzle in at least
two respects.' First, the speed of the
globalization of S&T in the private
and public spheres is unprecedented.
Second, the direction of globaliza-
tion marks a distinct break from past
trends because it has encompassed
some fast-growing urban regions
in countries (e.g., some regions in
Ireland, India, and China) that, until
very recently, have not engaged in
activities near the scientific frontier
that depend on a substantial scien-
tific infrastructure.

Despite the increasingly global
nature of S&T activity, most tech-
nological activity is still overwhelm-
ingly concentrated in developed,
high-income countries. Although
some middle-income countries
have gained, most low-income
countries have remained outside the
ambit of international technologi-
cal activity. Many S&T indicators
reveal the existence of this divide.
Even middle-income countries still
depend on technology transfers
from developed economies for solu-
tions to mainly domestic problems
(e.g., combatting diseases such as
malaria or securing cheaper energy
sources—issues that concern primar-

ily middle-income countries). Some

lower-middle-income  countries
have been able to take advantage
of greater openness in international
trade and in the expansion of cross-
border intellectual property markets
to build basic technological capabili-
ties as measured by licensing rev-
enues, although generally they have
not been able to acquire the more
advanced capabilities associated with
R&D and patents.”

These trends are not surprising:
technological catch-up and technol-
ogy diffusion are slow evolutionary
processes. Nevertheless, the rapid
internationalization of S&T in the
1990s is still remarkable and differs
from earlier periods in its global-
ization. Studying the factors that
influence this process and what they
imply for policy is the focus of this
chapter.

The internationalization of S&T

S&T activities are traditionally
thought of as ‘sticky’ to the context
of development and also as depen-
dent on networks of scientists that
are often bound to particular schools
of thought. For quite a long period,
such schools of thought were local or
even regional; more recent times saw
scientific communities competing
in a race to discover particular solu-
tions to common problems.” Firms,
using technology as a competitive
tool, also tended to keep much of
their R&D effort in a single location
quite close to their headquarters,

leading some authors to contend that
private R&D was a curious ‘case of
non-globalization’*

A large number of S&T indi-
cators confirm that this picture is
changing and scientific endeavours
are becoming increasingly global,
although this globalization of S&T is
limited to high-income and middle-
income countries. One common
indicator used to look at the inter-
nationalization of public science is
the international co-authorship of publi-
cations. Based on data from Elsevier’s
Scopus database, the Royal Society
(2011) estimates that over 35% of all
scientific articles were internation-
ally co-authored in 2011—up from
25% in 1996. Using a slightly dif-
ferent database of published work,
the ISI Web of Science, Wagner and
Leydesdorff(2005b) estimate that the
share of international co-authored
publications doubled between 1990
and 2000, rising from 8.7% to 15.6%
of all published scientific papers.

Wagner and Leydesdorft (2005a)
also show that the rise in interna-
tional collaboration in public sci-
ence is marked both by an increased
participation of countries and by
greater interaction by those partici-
pating countries. Thus the core of
collaborating countries rose from
37 countries in 1990 to 54 in 2000.
This growth is largely the result of the
entry of Eastern European ‘transition’
economies and the Commonwealth
of Independent States (CIS) econo-

mies, Latin American countries
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such as Mexico and Chile, and East
Asian economies such as Singapore,
Taiwan (Province of China), and
the Republic of Korea.” Even more
interesting is the documentation
of the rise in collaborative country
pairs—the number of countries that
collaborated with at least one other
country rose from 103 in 1990 to
128 in 2000 (representing about 58%
and 65%, respectively, of all countries
producing published papers); while
those collaborating with more than
one country rose from 41 to 61 coun-
tries in the same period.®

These trends towards the inter-
nationalization of public science
should not mask the fact that most
publications still emerge largely from
high- and middle-income countries.
UNESCO shows that high-income
countries still accounted for over
70% of all publications in 2014,
even though this share fell from 79%
in 2008. During the same period,
upper-middle-income countries saw
a huge boost in share, climbing from
just under 21% to over 32%. The
growth registered by lower-middle-
income countries was modest (1 per-
centage point, from 5.7% to 6.8%),
and low-income countries saw
hardly any change in shares (from
0.4% to 0.6%). China clearly domi-
nates the result for upper-middle-
income countries, with a doubling
of its share of publications from 10%
to 20% between 2008 and 2014.

Similarly, it has sometimes been
argued that the strategic importance
of R&D activities within firms to
the competitiveness of those firms
makes such activities notoriously
‘non-global’ and more likely to be
local.® Yet the trends noted for the
globalization of public science are
mirrored in the growing share of
international R&D by firms. Dunning
and Lundan (2008) estimate that, in
1982, 30% of production and 12% of
innovatory capacity of the world’s

largest companies were located
overseas. By 2005, European firms
were conducting over 40% of their
R&D overseas. On average, smaller
countries were more international-
ized in their R&D activities than
larger countries.” Thus, although US
firms doubled their overseas R&D,
their share rose from only 7% in
1982 to 15% in 2005.

Even more striking is the dis-
persion of international R&D activity
across regions. Dunning and Lundan
(2008) estimate that until 1994,
more than two-thirds of overseas
R&D by US firms was based in
just six countries: Canada, France,
Germany, Japan, Sweden, and the
United Kingdom. Since 1994 this
group has grown to include four new
destinations: China, Israel, Ireland,
and Singapore. Many of these are the
same countries that are increasingly
opening up for collaboration in pub-
lic science, as noted by Wagner and
Leydesdorft (2005a).

A third type of indicator fre-
quently used to demonstrate the
increasingly global nature of (pri-
vate) inventive activity is the incidence
of co-invented patents. Kerr and Kerr
(2015) found, based on an exhaustive
study of US patent documents, that
global inventor teams have become
surprisingly prominent and that, on
average, 6% of the worldwide patents
of US multinational corporations in
2004 are co-invented. They find
that the ethnic composition of the
United States of America (USA)-
based firm’s inventive workforce
is an important factor in whether
the firm engages in international
collaboration.

Higher shares of collaborative
patents are also observed when a
US publicly held (private) company
is entering into a new foreign region
for innovative work; Branstetter et
al. (2015) show this to be especially
true of R&D work undertaken in

India and China. In a large fraction
of these cases, an inventor moving
across borders within the firm is also
evident, suggesting that the migra-
tion of scientists is part and parcel
of the new internationalization of
private R&D.

Long-term causes of the most recent
globalization of S&T

These trends in the globalization
of S&T in the 1990s (observed in
a variety of different indicators, as
noted above) reflect the influence
of several long-term factors that
have dramatically shifted innova-
tion from a local phenomenon to an
increasingly global and networked
one.

The first of these factors is the
opening up of the world economy,
which took place for several rea-
sons. The countries that had been
part of Communist Europe desired
institutional reform and greater
integration into the global economy.
Many developing countries were
disenchanted with the import-sub-
stituting model of growth and devel-
opment. Even large economies such
as China, India, and Brazil, which
had developed strong industrial
bases for economic growth using
the import substituting model, could
no longer continue without opening
up their economies to international
trade and foreign investments. A
key common factor across the large
developing economies and former
Eastern European countries was that
they had access to new technologies
and new knowledge networks that
were more and more international
in character. In other words, these
countries—although technologi-
cally more capable—could no longer
stand alone and depend on reverse
engineering to meet their techno-
logical needs.




In the technological sphere,
the development of a new techno-
economic paradigm driven by
advances in information and com-
munication technologies (ICTs) was
already transforming the industrial
landscape; this proved to be the
second important factor driving the
tendency towards the internation-
alization of S&T. Advances such
as powerful computers and new
forms of technological convergence
made technologies more complex
than they had been in the past. The
impact of ICTs is seen in several
dimensions. First, products became
multi-technology.'® Cars were no
longer exclusively about mechanical
engineering but included sophisti-
cated electronics that improved the
travel experience with music and
air-conditioning and many other
features that we now take for granted.
Another product that exemplifies the
technological complexity caused by
ICT convergence is the telephone. It
was transformed from a receiver and
sender of analogue radio waves to a
mini, mobile office by the end of the
20th century.

The impact of the new techno-
economic paradigm also extended
to the costs of innovation. Powerful
computers drove down these costs.
Expensive trial-and-error processes
and prototyping were replaced by
simulation and computer-aided
design (CAD) technologies."" The
falling costs of communication
and the
allowed by Internet technologies

dramatic connectivity
have enabled specialization based
on global markets. What began as
a quest for efficiency in production
soon snowballed into the fragmen-
tation of production systems where
value chains become more and more
subdivided and specialized across
different nations and geographies.
Third, ICT use in firms became
progressively associated with the

use of external knowledge and the
development of global R&D teams
rather than local R&D teams. This
was inevitable because knowledge
bases became more interlinked and
interdependent. The best example of
this growing openness in innovation
is the pharmaceutical industry, long
upheld as the canonical example
of R&D-based closed innovation.
Developments in biotechnology
pointed to the existence of differ-
ent pathways for achieving the same
therapeutic effect. The impact of this
on the pharmaceutical industry was
to force the drug companies to be
more open to other complementary
knowledge bases. Patent data reveal
this interdependence of knowledge
bases most starkly. In the 1970s,
backward citations to patents (which
reflect the scientific and technologi-
cal knowledge upon which the focal
patent is building) most often came
from the same technology field as
the focal patent. Today two-thirds
of the backward citations in a focal
patent come from outside its own
field.”

A fourth (more subtle) factor
driving the internationalization of
S&T is the growing demographic
divide in the world economy, which
increasingly has dictated where
global R&D is located. Even as
new technologies such as ICTs and
advances in biotechnology raised the
premium for scientific skills in the
workforce, the populations of the
advanced countries within which
these technologies have developed
are ageing. This demographic
change makes the accumulation of
such skills in large enough quantities
to meet the skills needs of industries
expensive unless the country resorts
to globalization through the in-
migration of scientific labour or the
internationalization of R&D.

Demographers at the United
Nations Population Division project

that, over the next four decades, most
of the large decreases in working-age
populations will be concentrated in
the economies in the Organisation
for Economic Co-operation and
(OECD). Of the
advanced economies, Japan is pro-

Development

jected to lose the most by this trend;
the USA is projected to lose the
least. Although the beginnings of
this decline in fertility are different
in different economies, evidence
presented by Kent and Haub (2005)
suggest that, for some EU countries
(such as France and Italy) the process
had already begun by the mid-1970s;
in Japan, it gathered pace beginning
in the mid-1980s. Kent and Haub
estimate that, from 2005 to 2050,
EU-27 countries will lose 19% of
their working-age population (or 64
million workers), while Japan will
lose twice as much. Only four EU
countries—Ireland, Luxembourg,
Sweden, and the United Kingdom
(UK)—along with the USA are
projected to see some growth in
their working-age population. A
large part of the ability to avert the
crisis in these nations is attributed to
a higher birth rate among migrant
populations.

Although the impact of a grey-
ing population has been at the fore-
front of concerns about how best to
limit welfare spending and address
a pending pensions crisis, scholars
have not linked these long-term
demographic trends and the private
and public responses in favour of
increasing globalization of S&T.
With a shrinking working-age
population, many OECD countries
would need a larger proportion of
their population to study science and
engineering to generate the existing
stock levels of national science and
engineering graduates. Yet many
advanced countries currently face
a vocational decline in science and

engineering: in many countries, the
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number of available places is often
not matched by qualified applicants.
Therefore other complementary,
short-term measures have been
put into place to raise the size and
availability of a diverse scientific
workforce. In Australia, Canada,
the UK, and the USA, a selective
migration policy encouraging the
in-migration of scientific labour has
been key to resolving skill shortages
and maintaining the competitive
edge of these nations. Arslan et al.
(2014) estimate that, in 201011, the
number of working-age migrants
(15 years and older) was 106 million;
this represents a 38% growth from
2000—-01. Most were African and
Asian migrants (about 50%), but in
the OECD region, Mexican, Indian,
Romanian, Chinese, and Polish
migrants accounted for a quarter of
all migration. Furthermore, about
35 million migrants in the OECD
nations had a tertiary education, and
a third of these came from Asia. This
level of tertiary educated migrants
represents an unprecedented increase
of 70% from 2000 to 2010.

The migration of skilled labour
to technology centres and the migra-
tion of capital investment to regions
with large numbers of scientifically
skilled workers have been almost
as important as the growing inter-
national trade in goods."”” With the
large-scale movement of educated
people and the fall in communica-
tion costs resulting from the growth
of ICTs, the rapid internationaliza-
tion of S&T is hardly a surprising
result. Indeed, it has created a virtu-
ous circle.

The internationalization of uni-
versities in OECD countries has,
in turn, had a profound effect on
public science. Sociologists now
speak of communities of practice as
generating social networks of scien-
tists that are almost as important as

local communities in their effect on

innovation. Such communities share
a passion or problem that they are
prepared to address together, often
using communication platforms
such as fairs and conferences and,
increasingly, Internet platforms.'
Evidence of the effect of such com-
munities is evident in many metrics,
but a notable one is that the growth
of citations to papers has been far
greater than the growth in published
papers. The Royal Society (2011)
finds that the career paths of several
Nobel Prize—winning scientists evi-
dence the impact of global educa-
tion and global collaboration in the
advance of cutting-edge scientific
work.

The private sector of many
advanced countries reacted to
the growing shortages in skilled
labour differently than universities
and public-sector labs: by moving
capital to locations where scientific
labour is abundantly available. The
availability of scientific labour is
seen as a key driver of R&D off-
shoring to emerging economies and
countries in Asia. Not surprisingly,
private firms responding to the cost
and availability of scientific labour
choose to locate their R&D where
these constraints are most alleviated.
The stickiness of technology and
context is still a problem, but one
that is increasingly being managed
globally through inventors crossing
borders and through knowledge
management in global teams.

Implications for S&T policy

The globalization of S&T that
began in the 1990s has been marked
by a greater interconnectivity in
economic activity between dif-
ferent regions—Dboth because new
ICTs enabled this connectivity and
because economic circumstances
surrounding many innovations

required drawing on dispersed but

specialized science capabilities. In
the policy domain, these trends in
the internationalization of S&T have
stoked new anxieties. The emer-
gence of new nations as contributors
to public science and as destinations
for international R&D has inevita-
bly meant a loss of publication and
patent shares by OECD countries
in favour of the new S&T regions.
Many developed economy govern-
ments now worry about the ‘hol-
lowing out’ of innovative capability
and loss of competitiveness to the
emerging scientific nations, increas-
ingly seen as contenders rather than
collaborators.

This analysis of the causes of
the internationalization of S&T
suggests that the interdependence
of knowledge (and therefore geog-
raphies) is its key driver. Existing
data on collaborations, patents (both
co-invention and citations), and alli-
ances are all available at a national or
technology-specific level of analy-
sis. Geographical interdependence
may not always be at national levels
but instead may be seen at regional
levels, as indicated by the litera-
ture on clusters that are centres of
innovation (such as Silicon Valley
in the USA; the Hsinchu Region
in Taiwan, Province of China; and
Bangalore in India). On the other
hand, data for regions or cities do
not always capture the international
dimension of economic and social
relationships, although such data
are probably being collected by the
administrators of major cities. To
fully comprehend the extent and
consequences of knowledge inter-
dependence, better metrics drawn
from disparate sources are needed.

A related point is that the frame-
works of analysis have not kept pace
with the reality of the unfolding
phenomenon of connected inno-
vation. Interconnectivity means

that the rewards of activity in one




location positively influence actors
in another location. This being the
case, firms and nations can expect
to reap the benefit of several sources
of positive externalities—but certain
old ways of thinking about innova-
tion need to change. The conven-
tional contemporary social science
approach of attempting to isolate
the determinants of some specified
outcome variable while supposedly
controlling for other influences on
that received outcome needs to be
replaced with evidence of the dis-
persion of innovation that is sup-
ported by a process-based analysis of
change in an increasingly complex
(interdependent) global system over
time (with substantial endogenous
feedback effects). For example,
while discussing the globalization
of R&D, ‘location choice’ models
are often used. These models suggest
that the gain of location A is at the
expense of alternative location B (or
vice versa).

Other examples may be seen in
the R&D offshoringdebate. Citibank
developed a captive software subsid-
iary in India in order to computerize
its global network. Within a decade
of being set up, the subsidiary devel-
oped a financial product (I-flex)
based on its experience of comput-
erizing other developing-country
operations; this became a successful
product sold to other financial firms
wanting to computerize their own
operations in developing economies
(such as in Africa) that had similar
financial systems. It would be very
difficult to attribute this develop-
ment in R&D offshoring to India
alone, but certainly that offshoring
led to a chain of events that created
a whole new product in the financial
software space.

This example helps illustrate a
more general point about knowledge
interdependence and technological
complexity. Knowledge generated

in one part of the world in a given
field can have rapid and unpredict-
able consequences or contagion
effects for other industries and loca-
tions because of the fundamental
interconnectivity of knowledge. It
takes only an entreprenecurial spark
anywhere in the chain to catalyse
such a process.

Frameworks of analysis that do
not recognize interdependencies
give rise to the policy notion that
national innovation is a zero sum
game. This notion is built in to the
logic of the argument and the way
of thinking (it is not the underlying
evidence that is necessarily the cause
of the difficulty, but instead it is the
overly simplistic analytical frame-
work within which the evidence is
examined). Using the earlier exam-
ple of location choice theory, ifloca-
tion A is an alternative to location
B, then location A can gain only at
the expense of location B. If instead
locations A and B are closely con-
nected in a wider system, then they
may well rise or fall together in what
the Cambridge economists such as
Nicholas Kaldor, John Eatwell, and
Geoft Harcourt used to call a ‘pro-
cess of cumulative causation’. This is
a positive sum game.'

The increasing relevance of
global knowledge dispersion and
connectivity has underlined the
positive sum characteristics of inno-
vation across countries, and, in turn,
the positive sum characteristics carry
vital implications for national science
and technology policies. In the con-
temporary international economic
environment in the information
age, it is imperative that national
governments move away from the
closed national innovation system
perspectives that characterize what
have been called ‘techno-nationalist
policies’,' and instead move towards
policies that support the openness of

local innovation systems. In a world

in which cross-border knowledge
connectivity is essential to innova-
tive effort, actors must be willing to
be knowledge providers if they also
wish to enjoy the benefits of being
knowledge recipients from the rest
of the world.

In this interconnected world, the
incentives to engage in international
knowledge exchange are aligned in
mature industrialized countries and
emerging market countries despite
their different levels of development
and the differing degrees of sophis-
tication of their stocks of scientific
and technological knowledge. Each
country has its own specific types
of differentiated expertise and
forms of knowledge. Many inno-
vation opportunities now depend
on moving new applications across
both industries and markets, includ-
ing between markets with different
proportions of high-income and
low-income consumers, and with
different challenges for innovation."”
Therefore the policy agenda must be
to move away from the inward-look-
ing approach of techno-nationalism
towards a philosophy of mutual or
shared interest in protecting and
sustaining the entire international
ecosystem of technological knowl-
edge, which reaches well beyond any
individual country or place.

The world looks less rosy for
those developing countries that
have not yet joined this club of par-
ticipating nations in international
S&T. The closing digital divide in
ICTs, thought insurmountable in
the 1980s, offers hope for the future.
As Chapter 3 shows more conclu-
sively, technology-driven foreign
direct investment between Southern
countries is in its infancy, but it has
been led by investments in digital
technology made by other develop-
ing countries. Could higher-mid-
dle-income countries such as China

draw in poorer countries into their
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own network of technology-driven
foreign investments and thus extend
the win-win paradigm? There is no
crystal ball that will tell us, but the
new policy thinking proposed here

may turn that idea into reality.

Notes

1 There is a subtle difference between
globalization and internationalization.
In general, internationalization precedes
and is a precondition for globalization.
‘Internationalization’ refers to international
flows of people or resources or to the
international spread or dispersal of activity,
while ‘globalization’ refers to the international
integration of activities, or international
interdependence of actors or activities
located in different places.

2 Athreye and Cantwell, 2007.

3 Examples in public science include the
race to find a solution to the problem of
establishing a longitude for sailors at sea
for which prizes were offered in 1567 and
1598 in Spain and in 1717 in the UK, or
more recently the race to find a solution
(and protocol) to the problem of computer
connectivity, which involved Computer
Science departments in the UK and the USA.

4 See the title of Patel and Pavitt, 1991.
Cantwell (1995) argued that this
generalization applied more to large US,
Japanese, German, and French firms than it
did to the largest British, Swiss, Belgian, or
Dutch firms.

5  Wagner and Leydesdorff, 2005a, Table 3.
6  Wagner and Leydesdorff, 20053, Table 4.
7 UNESCO, 2015, Table 14.

8  Patel and Pavitt, 1991.

9  But see Cantwell and Kosmopoulou (2002)
for some qualifications to this generalization.

10 Granstrand et al, 1997.

11 Arora and Gambardella (1994) called this
the ‘changing technology of technological
change’.

12 Cantwell and Zhang (2011) provide evidence
on cross-field versus within-field patent
citations and knowledge complexity, using
56 technological fields.

13 Economic historians such as O'Rourke and
Williamson (1999) emphasize the similarities
between the globalization of the 1880s and
the globalization of the 1990s. Standage
(1998) also shows how the increase in
connectivity due to the telegraph was very
similar to the increase in connectivity due to
the growth of the Internet.

14 Lave and Wenger, 1991; Wagner, 2008;
Wenger, 1998; Wenger et al., 2002.

15 See Kaldor, 1985. The use of the term
‘cumulative causation’ (what might now
be referred to as ‘positive and negative
feedback effects in non-linear dynamics’
or 'chaotic dynamics’) is generally credited
to Gunnar Myrdal (1957). Reference to
cumulative causation in the context of FDI,
the international location of technology
development, patterns of industry growth,
and decline in host locations can be found in
Cantwell (1987).

16 Ostry and Nelson, 1995.

17 See, for example, Govindarajan and
Ramamurti, 2011.
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CHAPTER 3

Technology-Driven Foreign Direct Investment within the Global South

CRISTINA CHAMINADE, Lund University, Sweden

Lucia GOMEZ, Turku University, Finland

South—South technology invest-
ments can be important for the devel-
opment of the Global South because
they can have advantages over the
(more conventional) North—South
investments. As recently argued in
academic literature, the technol-
ogy distance between the countries
in South—South investments is
potentially lower, thus facilitating
the assimilation of the technology
by the host country and enabling
higher degrees of novelty." The last
decade has seen a proliferation of
anecdotal evidence indicating that a
gradual change is taking place in the
predominant paradigm of innova-
tion: emerging economies are NOw
playing a much more prominent role
in the international flows of research
and development (R&D).

However, knowledge about
technology-related investments in
the Global South has been very
limited, partly because technology-
driven foreign direct investment
(TFDI) from the Global South is a
relatively new phenomenon, partly
because itisstill a very marginal phe-
nomenon, and partly because global
data on technology-related invest-
ments were scarce. This chapter aims
to move from anecdotal evidence to
worldwide data to investigate the
importance of international flows
of R&D to, and particularly within,
the Global South.?

Data on the number of foreign
direct investments announced dur-
ing the period 2003-14 as recorded
in the fDi Markets database are
used in this investigation. The
fDi Markets is an online data-
base maintained by the Financial
Times; it collects information on
all greenfield investment projects
announced in publicly available
information sources.” These data are
the main data source for the United
Nations Conference on Trade and
Development (UNCTAD)’s World
Investment Report.

The fDi Markets data trace the
changes in cross-border greenfield
investment projects by looking at
the countries of origin and desti-
nation as well as the nature of the
investment (manufacturing versus
technology-driven investments).!
This chapter follows Chaminade
(2015) in defining ‘technology-
driven foreign direct investments
(TFDI)" as including investments
that are classified in fDi Markets
as R&D; design, development, and
testing (DDT); technology support
centres; and information and com-
munication technologies (ICTs) and
infrastructure.

This chapter is structured as fol-
lows. First a condensed review of the
literature on the effects of TFDI is
provided to try to answer the ques-
tion of why TFDI is important for

development and why South—South
TFDI would be particularly relevant
for the growth and transformation
of the Global South. Second, the
chapter provides a summary of the
general trends in TFDI worldwide,
followed by a general overview of
South—South TFDI. The data reveal
that (1) TFDI South—South is a
very marginal phenomenon; (2) it
is clearly dominated by investments
in ICTs; (3) it generally follows
the same patterns as global TFDI;
(4) important regional differences
exist in the nature and geographical
scope of the investments; and (5) it
is driven by a handful of players who
are active in many regions of the
Global South. Finally, the chapter
discusses the implications of some of
the findings, particularly related to
the critical role that multinationals
from the Global South or emerging
market multinationals (EMNE:s) can
play in bridging the technological
gap between North and South.

The importance of South-South TFDI for
development

The impact of foreign direct invest-
ment (FDI) on firms and home
regions has been largely studied in
the international business literature.
The main conclusion of this stream
of literature is that FDI tends to have
positive effects on firm productivity

We would like to thank Professor Balaji Parthasarathy (llITB-Bangalore, India) and Manuel Gonzalo (National University of General Sarmiento, Argentina) for providing
us with examples of South-South TFDI. Similarly, our gratitude goes to Professor Davide Castellani and Professor Ronald Wall for the data on cross-border technology-
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Figure 1: Evolution of number of technology-related investments, 2003-13
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because it lowers costs, while it has
a negative effect on the productiv-
ity and growth of the home region
because of its hollowing out effects.
However, the final positive effect on
the firm or the potential negative
effect on the home region is contin-
gent on a variety of factors, notably
the absorptive capacity of the firm.

TFDI is a special case of FDI that
has been much less studied. In con-
trast with general FDI, existing evi-
dence of the impact of TFDI points
to its potential positive influence for
both the firm and the home region.
R&D offshoring can improve over-
all firm R&D efficiency;® it does
this by reducing costs and acquiring
complementary knowledge needed
for innovation.® At the same time,
TFDI is associated with significantly
higher productivity growth in the
home region than pure offshoring
in manufacturing,” as well as with

increased innovation capabilities

in the host region.® However, the
positive impacts are not automatic
and will ultimately depend on a
variety of factors such as the degree
of autonomy of the subsidiary;” the
absorptive capacity and international
experience of the firm;' the pres-
ence of innovation-complementary
assets in the host region;'"" and, more
generally, the institutional distance
between the host and the home
countries."

A critical question is whether
the same pattern can be observed
for technology-driven investments
by multinationals from the Global
South—that is, emerging-market
multinationals (EMNEs). The lit-
erature on the technology-driven
investments of EMNEs is far less
prolific and much more recent, and
its impact is still being researched. In
a recent article, Awate et al. (2014)
compare the R&D internationaliza-

tion processes of a multinational

from a developed country with
that of an EMNE. They conclude
that the investments of the multi-
national from the North are made
for competence exploitation to
undertake adaptations or to realize
cost advantages, and that the R&D
conducted in the headquarters is
the main knowledge source of the
subsidiary. In contrast, EMNEs use
their technology investments abroad
to acquire knowledge and catch up,
while the technological level of their
headquarters is usually lower than
that of the subsidiary.”” Minin and
Zhang (2010), however, reach dif-
ferent conclusions when looking at
Chinese investments abroad. They
find that multinationals from the
South use different strategies accord-
ing to different learning goals, and
that some investments had the clear
purpose of exploiting technologies
developed elsewhere (in either a
developed or a developing country)
rather than acquiring knowledge.
The extent to which these
EMNE:s can benefit from the R&D
and other technology-related invest-
mentsabroad dependslargely on their
absorptive capacity and previous
experience;'* in this respect, there
are no significant differences with
MNCs from the North. However,
some of the limitations of technol-
ogy spillovers derived from the
greater technology distance between
host and home countries in North—
South investments can partially dis-
appear in South—South investments:
the technology distance between the
countries 1s shorter, facilitating the
assimilation of the technology by the
host country,'” and achieving higher
degrees of novelty.'® Furthermore,
EMNESs seem to have a compara-
tive advantage with respect to their
counterparts in the North: they tend
to perform better in institutionally
different environments than multi-

nationals from the North or, in other




words, the institutional distance
seems to matter less for emerging
multinationals."”

In sum, TFDI is generally asso-
ciated with positive impacts for the
firm and the host region. However,
its final impact depends on a vari-
ety of factors, including the degree
of autonomy of the subsidiary, the
absorptive capacity of the firm, its
previous international experience,
and the institutional distance. The
same factors seem to play a role
in the R&D FDI of EMNEs with
one exception—they may be better
endowed to deal with institutional
distance. This is an aspect that will
be further discussed later in this

chapter.

Global trends in TFDI
Using the data from fDi Markets
from 2003 to 2013 and consider-
ing the number of investments by
destination worldwide, Castelli and
Castellani (2013) clearly identify
that the most important destinations
of technology-related projects, both
for applied research (DDT) and basic
research (R&D), were precisely two
countries in the Global South: China
and India. In the period indicated,
China received nearly 17% of all the
R&D cross-border investments and
12.8% of all DDT investment proj-
ects, while India was the recipient of
14.7% of the R&D and 20.3% of the
DDT investment projects."®
However, the investment growth
rate in those two countries for TFDI
has not been steadily growing over
the considered period: the number
of TEDI projects towards China
had dropped 2.3% and towards
India had dropped 7.3% by 2012."
Interestingly, the data show that the
decline in TFDI projects towards
China and India has occurred in par-
allel with an increase in TFDIs from
China and India, including to the

Global South, as will be discussed
in the next section.

A critical question is whether the
observed decline reflects a decreas-
ing importance of the Global South,
particularly of China and India as
countries of destination of TFDI,
or is the result of a general decline
in the number of TFDI projects
as a whole. As can be observed in
Figure 1, which compares the trends
inR&D, DDT, and ICT investments
worldwide with their South—South
counterparts, the general trend has
been a decline in the number of
R&D investments (dotted grey line)
while the number of DDT- and
ICT-related investments shows an
increase over the same period.

The graph clearly points out the
relative importance of TFDI South—
South with respect to the total num-
beroftechnology related investments
globally: generally only 10% of the
total TFDI is South—South. In other
words, TFDI in the Global South is
still a rather marginal phenomenon.
Most of the EMNESs that invest in
technology tend to go North, prob-
ably for asset seeking, as predicted in
the literature.”

Figure 1 also shows that South—
South TFDI shows a general pat-
tern over time similar to that of
global TFDI. The clear exceptions
here are the investments in ICTs,
which exhibit a growth rate mark-
edly higher in the Global South
(although the number of projects
is still much lower). This result is
rather surprising—the ICT industry
has gradually moved to the South;*
in fact, some of the most important
hubs in the ICT industry are now
located in the Global South,** and
some of the most important global
actors are also located there.” The
implications are important. ICTs
comprise important enabling tech-
nologies and their dissemination and
widespread use in the Global South

(as discussed in previous GII reports)
can enable growth and development
through new products, new ser-
vices, new business models, better
information, and so on. This is very
important for less-developed regions
in the Global South, including many
African countries, as discussed next.

South—South investments: Geographical
patterns

The geographical patterns in South—
South TFDI can be useful in assess-
ing the actual extent and nature of
the phenomenon and their implica-
tions for development. The first step
in this process is to determine just
what patterns and main players are
evident from the data. This section
looks first at general patterns, and
then considers details of those pat-

terns for different regions.

Geographical patterns

Figure 1 shows that the majority
of South—South TFDI projects are
related to ICTs (47% of total South—
South TFDI) and DDT (36%).
Purely R&D investments comprise
only 10% of the total, while tech-
nical support centres are just 7%.
Taken together, the total number of
South—South TFDI grew at a 14%
rate between 2003 and 2014. DDT
and ICTs were the predominant
activities. R&D and technology
support centres decreased or were
scarce in most of the Southern world
regions.

The Southern world region
receiving the highest number of
inward TFDIs from the Global
South was Asia (51%). However, the
number of overall investments in this
region has remained almost the same
for the whole period, with a growth
rate of 1%. In contrast, investments
to Africa and Latin America and the
Caribbean grew at a much faster rate:
15% and 14%, respectively, almost
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Figure 2: Geography of cross-border investments in DDT within the Global South, 2003-14
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Source: Authors” elaboration, based on fDi Markets database.

catching up with the number of
investments to Asia. In fact, during
2014 Africa got more TFDIs than
any other Southern world region.

Outward TFDIs grew from
all regions during the considered
period, but especially from Africa at
a rate of 20% and Latin America and
the Caribbean at 14%. This growth
is mainly the result of flows between
countries within the same world
region, as will be discussed next.
Latin America and the Caribbean is
the extreme case, with only 4% of
outward investments going to other
Southern world regions. Two fig-
ures illustrate the geography of the
South—South TFDIs: Figure 2 shows
South—South DDT investments,
while Figure 3 shows South—South
ICT investments.

Africa

TFDI in Africa is almost exclusively
related to ICTs: investments in ICTs
represented 80% of all TEDI proj-

ects in the region.** Furthermore,

these investments grew at a very
high rate between 2003 and 2014—
22%—reaching their peak in 2013.
Notably, half of these investments
came from within Africa (90% of
all ICT investments originating in
Africa remained in Africa), par-
ticularly from Mauritius and South
Africa—which, not surprisingly, are
also ranked 1st and 2nd, respectively,
for Sub-Saharan African countries in
the 2015 Global Innovation Index.
In contrast with the other
regions, Africa has few DDT invest-
ments, instead playing a prominent
role in the network of South—

South technology support centre

investments. Kenya is a major origin
node of investment flows, together
with India and China. All of Kenya’s
investments were made outside
Africa, towards Asia and Latin
America and the Caribbean. Kenya’s
investment source is just one com-
pany—Comcraft group—which
has a network of subsidiaries in five
countries, primarily in software and

information technology services.

Latin America and the Caribbean
South—South TEDI to Latin America
and the Caribbean is characterized
by high volatility and discontinu-
ity.”® DDT and ICTs account for
90% of all Latin American and the
Caribbean TFDI.

For the period 2003—14, DDT is
the region’s fastest-growing TFDI
activity, with a growth rate of 17%.




Figure 3: Geography of cross-border investments in ICTs within the Global South, 2003-14
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About 60% of DDT investments to
Latin America and the Caribbean
came from Asia, 36% from within
Latin America and the Caribbean;
only 2% came from Africa and 2%
from the Middle East. From Asia,
investments came mainly from
India, with investments in software
and information technology services
in Latin America and the Caribbean
since 2003; and from China, with
more recent investments (since 2010)
in communications. Intra-regional
DDT investments originate primar-
ily from Argentina, Brazil, Chile,
and Mexico, with the biggest desti-
nation nodes in Brazil and Mexico.
These investments were mainly in
software and information technol-
ogy services—related projects.

The biggest TEDI activity in
Latin America and the Caribbean is

in ICTs. However, the growth rate
of ICT investments between 2003
and 2014 is a bit slower (12%) than
that of DDT investments. Most ICT
investments in the region (90%)
came from within Latin America
and the Caribbean. The biggest ori-
gin of these investments was Mexico
(the origin of half of all ICT invest-
ments); the main destinations were
Brazil and Colombia.

The Middle East

The Middle East was the world
region with the fewest South—South
TFDI projects,*® and no clear trend
could be identified for any of the
TEDI activities during the whole
period. Particular to TEDI to the
Middle East, when compared with
the other Southern world regions,

was the wider range of industry

sectors that it included (ICTs, met-
als, automotive, and life sciences).

Relevant aspects of TEDIs origi-
nating in the Middle East were the
prominence of investments related
to life sciences and the number of
ICT investments destined for Africa
(37%), which was equal to the num-
ber of investments remaining in the
Middle East.

Asia
The number of South—South TFDIs
to Asia grew at a slower rate, 1%,
than that of other world regions.?’
This means that DDT, technology
support centres, and ICT invest-
ments grew at a rate of 3% and R&D
dropped at a 14% rate.

Despite this drop, Asia still dom-
inates the investment scene for R&D
in the Global South. Eighty percent

3: Technology-Driven Foreign Direct Investment within the Global South

THE GLOBAL INNOVATION INDEX 2016



3: Technology-Driven Foreign Direct Investment within the Global South

THE GLOBAL INNOVATION INDEX 2016

Table 1: Most important investors in TFDI within the Global South

Region Description

Main companies for outward TFDI

(headquarter country, main activity,

number of investments)

Main companies for inward TFDI
(headquarter country, main activity,
number of investments)®

Africa ICT investments are by far the most important investments in
the region. South Africa, Kenya, and Mauritius are the most
important origins of outward investments, which tend to have

centres, 12)

another African country as their destination. Strong intra-region « Seacom (Mauritius, ICTs, 10)

TEDI is evident.

MTN group (South Africa, ICTs, 16)
Comcraft Group (Kenya, technology support « Seacom (Mauritius, ICTs, 10)

Altech Group (South Africa, ICTs, 6)
Liquid Telecom (Mauritius, ICTs, 6)

Bharti Group (India, ICTs, 17)

Tech Mahindra (India, technology
support centres, 7)

Altech Group (South Africa, ICTs, 6)
Liquid Telecom (Mauritius, ICTs, 6)

Latin America

DDT investments occur mostly within the region, but not

América Mévil (Mexico, ICTs, 32)

América Movil (Mexico, ICTs, 19)

and the Caribbean exclusively. Investments are also made in South Africa, the - Digicel (Bermuda, ICTs, 10) - Digicel (Bermuda, ICTs, 9)
Middle East, and China. Interestingly, ICT investments from a « TelMex (Mexico, ICTs, 9) « TelMex (Mexico, ICTs, 8)
Latin American and the Caribbean company go exclusively to « Grupo Assa (Argentina, DDT, 5) - Grupo Assa (Argentina, DDT, 5)
other Latin American and the Caribbean countries. Firms from « Globalfono (Argentina, ICTs, 4) « Huawei technologies (China, DDT, 4)
Mexico, Argentina, and Bermuda are the most important origins of « TCS(India, DDT, 4)
investments from the region.

Middle East Although there is an extensive network of investments within « Zain (Kuwait, ICTs, 14) « Star Metropolis (UAE, R&D, 6)
the region, there is also a clear international focus, with DDT « FEtisalat (UAE, ICTs, 9) « Qatar Heart Laboratory Holding
investments to Chile, northern Africa, India, and China. ICT - Partners & Partners (Qatar, DDT, 7) (Qatar, DDT, 4)
investments are much more extended geographically, including to « Ooredoo (Qatar, ICTs, 6) «Huawei Technologies (China,
central and north African countries and to Asia. « SABIC (Saudi Arabia, DDT, 5) technology support centres, 3)

- FEastern Biotech & Life Sciences
(UAE, DDT, 2)
Asia Companies headquartered in Asia are by far the most active in « Bharti Group (India, ICTs, 24) «Mahindra Satyam Computer Service

TFDI and the ones with the most global scope (with DDT and « Huawei Technologies (China, DDT, 14)
ICT investments in Latin America and the Caribbean, Africa, the

Middle East, and Asia.

Tata Group (India, DDT, 11)

R&D, 10)

Metropolis Health Services Group (India,

(India, ICTs, 9)

PacNet international (Singapore, ICTs, 9)
Media Tek (Taiwan, Province of China,
DDT, 8)

Source: Authors’ elaboration, based on fDi Markets database.

®Inward" is at the level of the country, not the region. Thatis, a South African company that invests in Kenya would be dlassified as inward FDI in Kenya and outward in South Africa.

of all South—-South R&D flows
took place within the Asian region.
The main origin of investments
was India, and the main destination
was China. R&D investments were
mainly in the communications and
pharmaceutical sectors.

Considering the whole period,
DDT has been the predominant
TEDI activity in Asia for South—
South investments. Asia was the
origin for 76% of DDT investment
flows and the destination for 65% of
them; most investments had China
or India as either their origin or
destination.

Investments in ICTs in the region
rose quickly after 2011, so by the end
of the period this sector wasreceiving

the most South—South TFDI in the
Global South. Moreover, the num-
ber of ICT investments in 2014 was
twice that of 2013. India, Singapore,
and China were the main origins of’
investment flows; their main des-
tinations were in Asia (76%) and
Africa (23%).

India and China are, therefore,
not only the most important destina-
tion of cross-border TFDI projects
globally but also the most impor-
tant source of TFDIs to the Global
South, particularly DDT and ICTs.
The nature of the investments sug-
gest that EMNEs from China and
India follow predominantly an asset
exploiting strategy—that is, these

investments are more closely related

to the development and adaptation
of products to particular markets
that have been developed somewhere
else. An intriguing question worth
investigating in the future is whether
Chinese and Indian multinationals
may be acting as gatekeepers of tech-
nology from the North to the South,
as technology intermediaries.

Main players

Data from fDi Markets allow identi-
fication of the companies responsible
for the investments, their main sec-
tor of activity, the number of their
investments, and their nature as well
as their destination. Table 1 shows
the main players in TFDI within
the Global South. The presence of




Box 1: Company views on the potential benefits of South—South TFDI

Four examples from companies from three
different Southern world regions are pre-
sented here to illustrate different character-
istics of the potential benefitimpact, for both
home and host countries, of South-South
TFDI to product innovation. See also Table 1.

Huawei Technologies opened its first
research and development (R&D) centre
outside China in Bangalore, India, in 1999.!
The R&D centre in Bangalore has been the
source of some innovative solutions that
later were commercialized worldwide. A
prime example of innovative solutions
developed at its Bangalore centre is the
single-RAN (radio access network) launched
in 2006. This network enabled the telecom-
munication operators to ‘graft’ the latest
technologies—such as a 3G or an LTE (long-
term evolution) service—onto their net-
works. Another product being developed
at the Bangalore centre, which has already
been launched in Latin America and the
Caribbean, is the technology that enables
Voice over LTE. These and many other
examples highlight the key role the Indian
subsidiary is playing in the innovation strat-
egy of Huawei. This has also led the Chinese
giant to further invest US$170 million in R&D
in India in 2015, as has been announced in

the same firm as both inward and

outward FDI indicates that the larg-
est majority of investments are inside
the region. Furthermore it is possible
to see that the majority of the South—
South TFDI is in the hands of a
handful of EMNE;s, many of which
belong to large business groups.”®
That is the case for the Indian Bharti
Group, Tech Mahindra, and the
Tata Group, as well as the Chinese
Huawei and ZTE. The most domi-
nant players in Latin America and
the Caribbean are América Movil,
Digicel, TelMex, and Grupo Assa,
while Seacom, Altech, and Liquid

the press.” This case underlines the impor-
tance of South-South TFDI where both
the host and the home countries benefit
from each other. Although China leveraged
the Indian pool of engineering talent and
expertise to increase its global presence,
India managed to attract investment in R&D
and to engage its workforce to develop
cutting-edge technology.

ZTE Corporation is a Chinese multi-
national telecommunications equipment
and systems manufacturer, headquartered
in Shenzhen, China, founded in 1985.% ZTE
has an R&D unit in Bangalore, India, in which
the company has invested approximately
US$40 million in the second half of the
last decade.* ZTE India’s R&D enables it to
tap into Bangalore’s world-class expertise
in software.’ The Bangalore unit develops
a range of telecommunication software
applications in the mobile value-added
service (VAS) space such as caller ring-back
tones, call centre applications, and billing
solutions.® The investment in India for R&D
accounts for 10% to 15% of the total global
R&D spend of ZTE.

Globant is an Argentina-based infor-
mation technology and software develop-
ment company with four investments in

Telecom are the corresponding
African ones.

Towards a win-win strategy

The low number of EMNEs con-
ducting TFDI in the Global South
significantly limits the ability to
draw evidence-based conclusions
about the benefits of South—South
TEDI for both the host and the home
countries beyond what was discussed
in the second section of this chap-
ter. This limitation is particularly
evident with regard to long-term
benefits such as upgrading skills and

building up innovation capabilities,

Latin America, including a DDT investment
in Uruguay. The investments in Uruguay are
considered to be crucial to the development
of innovative software products for the
company.?

Seacom, an ICT company headquar-
tered in Mauritius, is behind some of the
largest investments in ICTs in Africa, such
as the instalment of the first undersea fibre
optics cable along the east coast of Africa.
The Internet cable is believed to have had a
major impact on the business environment,
for example in Nairobi, Kenya, by cutting
the costs of Internet access by 120% while
increasing access by a factor of 100.’

Notes
1 Fu, 2015.
2 Sen, 2013.
3 Fu, 2015.
4 live mint, 2010.
5 Chaminade and Vang, 2008.
6 Parbat, 2012.
7 live mint, 2010.
8 Gonzalo et al,, 2013.
9 Turak, 2016.

since South—South TFDI is still in

its infancy. However, anecdotal evi-
dence collected from company web-
sites and local newspapers suggests
that a win-win strategy is possible,
with potential benefits both from
the host and the home economies
in line with what the literature sug-
gests. Box 1 provides some examples
of perceived benefits of South—South
TEDI in R&D, DDT, and ICTs and
in different regions of the Global
South.
Asset
EMNEs may provide access to spe-

creation strategies by

cialized and complementary knowl-

edge—such as software capabilities
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for ICT telecommunication equip-
ment manufacturers—thus enabling
the development of new products
and services. Those innovations
can subsequently be exploited in a
variety of countries, including other
countries in the Global South, thus
generating economies of scale and
further spillovers. An example of
this is seen in the Huawei Voice over
LTE, developed in Bangalore and
commercialized in Latin America
and the Caribbean and Europe; see
Box 1). Innovations developed in
the South and for the South may be
able to better address the needs of
developing countries and may thus
provide EMNEs with a compara-
tive advantage over the MINEs from
the North. Additionally, these cases
suggest that TFDI may lead to an
upgrading of skills in the host coun-
try (like Huawei in Bangalore).
ICT-related investments—espe-
cially those related to ICT infra-
structure, which characterize the
lion’s share of TFDIs into Africa and
Latin America and the Caribbean—
can also have a significant impact
on the host country. ICTs and their
development potential in develop-
ing countries are generally analysed
from three different perspectives.”
First, host countries can catch up to
advanced economies and improve
both their competitiveness capabili-
ties and those of local business orga-
nizations in global markets. ICT
investments are considered to impact
the skills and productivity of labour
as well as to generate more rapid
and long-run economic growth.”
Second, both host countries and
home countries see the emergence
of new ICT-based business models,
expanding their information bases
and lowering the cost of access to
information. And third, the impact
of ICTs 1s evident as they transform
socioeconomic conditions through
governments going digital in host

countries, thus improving social ser-
vices delivery, increasing democratic
participation, and improving access
to public services.”

In sum, the analysis of South—
South TFDI investments using fDi
Markets data reveals that, although
South—South TFDI is in its infancy,
it is generally growing and is clearly
dominated by investments in ICTs.
Although the limited number of
investments prevents the drawing
of conclusions on their impact, par-
ticularly in the long term, anecdotal
evidence suggests that a win-win
strategy is possible. This strategy has
a positive impact both in the host and
home countries in the form of access
to complementary knowledge, bet-
ter fit of technological solutions to
specific development challenges,
economies of scale, development of
skills and capabilities and basic ICT
infrastructure; these in turn can
impact development trajectories.
However, grasping the potential
benefits is not automatic and will
depend on a variety of factors, such
as the absorptive capacity and inter-
national experience of the firm, the
presence of a dynamic innovation
environment in the host country,
and, more generally, the institu-
tional distance between the host and

the home countries.

Notes

1 For adiscussion of the assimilation of
technology by the host country, see Amighini
and Sanfilippo, 2014; for a discussion of
higher degrees of novelty, see Harirchi and
Chaminade, 2014.

2 The ‘Global South'is hereby defined
following the Brandt Report (1980) as
considering all countries in the Southern
hemisphere except Australia, Japan, the
Republic of Korea, and New Zealand. The
Brandt North-South divide is considered
to be not only a geographical but also a
socioeconomic and political division.

3 Information about the fDi Markets database is
available at http://www.fdimarkets.com/.
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25

It is important to stress that the data do not
cover other forms of investments, such as
mergers and acquisitions, which may be
quite important in certain industries.

Dachs et al,, 2012.

Criscuolo, 2009; Dachs et al., 2012;
Ebersberger et al,, 2011.

Castellani and Pieri, 2013.

Fu, 2008.

Giuliani et al,, 2014.

Schmiele, 2012.

Fu, 2008.

Coe et al, 2009.

Buckley et al., 2014.

Buckley et al,, 2014; Fu, 2008.
Amighini and Sanfilippo, 2014.
Harirchi and Chaminade, 2014.
Demir and Hu, 2015.

In the same period, the USA was the recipient
of 7.9% of the R&D projects and the same
percentage for DDT projects.

Castelli and Castellani, 2013. The growth
trend has not been equal for all types of
projects. For example, the number of R&D
investments that had China or India as the
main country of destination dropped at a
rate of —=17% for China and —18% for India. At
the same time, the number of DDT projects
has increased for China at a 4% rate and
decreased for India at the same rate, 4%.

Awate et al, 2014; Buckley et al., 2014.
Ernst, 2009; Yeung, 2007.

Chaminade and Vang, 2008.

Lee and Malerba, 2014.

African countries involved in South-South
TFDI from 2003 to 2014 according to the fDi
Markets database include Algeria, Angola,
Botswana, Burkina Faso, Burundi, Cameroon,
Central African Republic, Chad, Congo, Cote
d'Ilvoire, Democratic Republic of Congo,
Djibouti, Egypt, Ethiopia, Gabon, Gambia,
Ghana, Guinea Bissau, Kenya, Lesotho,
Madagascar, Malawi, Mauritius, Morocco,
Mozambique, Namibia, Niger, Nigeria,
Rwanda, Seychelles, Sierra Leone, Somalia,
South Africa, South Sudan, Sudan, Swaziland,
Tanzania, Tunisia, Uganda, Zambia, and
Zimbabwe.

Latin America and the Caribbean countries
involved in South-South TFDI from 2003

t0 2014 according to fDi Markets database
include Argentina, Barbados, Brazil, Chile,
Colombia, Costa Rica, the Dominican
Republic, Ecuador, El Salvador, Guadeloupe,
Guatemala, Guyana, Haiti, Honduras, Jamaica,
Martinique, Mexico, Nicaragua, Panama,
Peru, Puerto Rico, Turks and Caicos Islands,
Uruguay, and Venezuela.




26  The Middle East countries involved in South—
South TFDI from 2003 to 2014 according to
fDi Markets database include Bahrain, the
Islamic Republic of Iran, Iraq, Jordan, Kuwait,
Lebanon, Oman, the State of Palestine, Qatar,
Saudi Arabia, the United Arab Emirates, and
Yemen.

27 Asian economies involved in South-South
TFDI from 2003 to 2014 according to fDi
Markets database include Afghanistan,
Armenia, Bangladesh, Brunei, Cambodia,
China, Hong Kong (China), India, Indonesia,
Lao People’s Democratic Republic, Macao
(China), Malaysia, Maldives, Mongolia,
Myanmar, Nepal, the Democratic People’s
Republic of Korea, Pakistan, the Philippines,
Singapore, Sri Lanka, Taiwan (China), Thailand,
and Viet Nam.

28  The concentration of investments in
a handful of companies can be the
consequence of the high costs of FDI in
comparison to other mechanisms to access
knowledge to innovate—only large firms,
mostly part of a larger business group, can
afford this form of mechanism to access
knowledge.

29  Avgerou, 2008.

30  See Szirmai, 2012, and World Bank, 2016, for a
discussion of more rapid growth; see Pradhan
etal, 2015, for a discussion of long-run
economic growth.

31 UNCTAD, 2015.
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CHAPTER 4

Innovating Together? The Age of Innovation Diplomacy

KirsTEN BounD, Nesta, United Kingdom

As the globalization of science and
innovation intensifies, policy mak-
ers around the world are looking for
new ways to shape and influence its
dynamics.

Until recently, these efforts have
focused on science diplomacy: enabling
international scientific research
partnerships and influencing foreign
policies with scientific evidence and
advice. However, there is a grow-
ing interest in facilitating interna-
tional collaboration on innovation,
with a range of new collaborative
approaches emerging.

At first blush, these efforts at
innovation diplomacy look merely like
a continuation of science diplomacy
into a somewhat more commercial
arena. Yet this is precisely what makes
international collaboration more
complex: thorny questions need to
be resolved about which parties in the
relationship are capturing the com-
mercial as well as the public benefits.
This is not to say that collaborating
on innovation is a zero-sum game; on
the contrary, such collaboration often
results in strong mutual advantages.
However, recent experience has
shown that policy makers, businesses,
and other stakeholders need a more
sophisticated approach to assessing the
risks and opportunities found at every
stage of the innovation value chain.

This chapter describes the shift
from science diplomacy to innova-
tion diplomacy, drawing attention
to the new challenges encountered
and the new skillsets required. It

then highlights the range of ini-
tiatives implemented by policy
makers around the world to shape
these dynamics for both national
and mutual interest. Finally, it sets
out steps that policy makers need
to put in place for a more effective
approach to innovation diplomacy
in the future.

From science diplomacy to innovation
diplomacy

Diplomats have never really had a
monopoly on influencing interna-
tional relations. The power of the
international scientific community
to shape international relationships,
for instance—from sidestepping
politics to helping avoid military
conflict—has been demonstrated
as early as the 18th century. The
United Kingdom (UK)’s Royal
Society appointed its first Foreign
Secretary in 1723, nearly 60 years
before the British government cre-
ated an equivalent post.'

Yet there is no doubt that sci-
ence has become an ever more
important force for intermediating
global relations in recent decades. In
their analysis of the trend, the Royal
Society outlines three different ways
in which governments have sought
to support and shape these collabora-

tive relationships:®

¢ informing foreign policy objec-
tives with scientific advice (sci-

ence in diplomacy);

* facilitating international science
cooperation (diplomacy for sci-
ence); and

e using scientific cooperation to
improve international relations
between countries (science for

diplomacy).

Although science diplomacy
may have multiple objectives, it is
most commonly couched in the
language of global public goods.
A former Chief Scientific Advisor
at the US State Department (a role
first created in 2001, and one that
has since been replicated by many
countries around the world) defined
‘science diplomacy’ as ‘the use of sci-
entific interactions among nations to
address the common problems fac-
ing humanity and to build construc-
tive, knowledge based international
partnerships.”

The international networks and
institutions used for science diplo-
macy have grown significantly
in profile and professionalism in
recent years: from the annual G7
meeting of science ministers last
held in Berlin in October 2015 and
the first World Summit of official
government scientific advisers held
in Auckland in 2014 to the creation
of a new Scientific Advisory Board
to the UN.*

Yet as science has become ever
more a global endeavour, so has inno-
vation—notjust with the relocation of
multinational corporation R&D, but
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also with the globalization of many
kinds of value chains and the ability
to commercially exploit discoveries
ever further from their origin.
Inresponse, ashiftis under way to
move beyond the traditional agendas
of science diplomacy—which are
often operationalized by promoting
academic research collaborations—
to the more expansive and at times
treacherous terrain of innovation
diplomacy. In this diplomacy, col-
laborative opportunities and risks
need to be assessed across every link
in the innovation value chain.?
Although there is no agreed defi-
nition of ‘innovation diplomacy’, the
term is widely considered to include
publicly funded support for the fol-
lowing four types of activities:

 exerting soft power and influ-
ence through the attractiveness
(to talent, ideas, and investment)
of a nation, region, or cluster as

an innovation hub;

* developing early-stage interna-
tional pre-commercial and com-
mercial partnerships between
businesses, or between businesses
and universities, that sow the
seeds for future national economic

growth and competitiveness;

e creating the framework con-
ditions (intellectual property
regimes, migration rules, trade
conditions, and information
about opportunities and threats)
for regional and global innova-

tion partnerships to flourish; and

* encouraging and enabling collab-
orations between public, private,
and non-governmental actors to
address global grand challenges
from health pandemics to climate

change.

Innovation policy initiatives
are already undertaken under con-
ditions of ‘radical uncertainty’.’

International collaboration adds a
host of additional challenges that
range from contrasting national
intellectual property regimes and
enforcement capabilities and shifts
in the alignment of incentives
and interests between public and
private actors acting overseas to
unequal national abilities to absorb
and exploit the results of partner-
ships. Although most innovation
diplomacy initiatives are at least
intended to allow partners to reap
mutual advantage, some analysts
have warned of a growing trend in
‘innovation mercantilism’ in which
countries try to exploit international
collaborations and trade scenarios to
boost domestic innovation capac-
ity—for example, through forced
technology transfer or discrimina-
tory public procurement.”
Innovation diplomacy should
not be seen merely as an ‘add-on’ to
science diplomacy, but as a distinct
set of activities and capabilities. The
next section looks at how different
countries are undertaking innova-

tion diplomacy.

How policy makers around the world
approach innovation diplomacy

Despite a dearth of published strate-
gies for innovation diplomacy, the
number of bilateral and multilateral
dialogues, networks, programmes,
and funds designed to boost inter-
national innovation collaborations
is growing all the time.

A toolkit of practical initiatives
for innovation diplomacy is emerg-
ing that reaches beyond the realm
of foreign affairs to engage several

different ministries. For example:

* Incentivizing collaboration
through new funding oppor-
tunities. Examples include col-
laborative R&D partnerships—
both independent bilateral
funds and matched funding for

bilateral R&D partnerships—
which are gradually becoming
more common. MATIMOP, the
Israeli Industry Centre for R&D,
operates over 40 of these inter-

national partnerships.®

Influencing policy frameworks
and conditions. For example,
policy dialogues can take mul-
tiple forms, from innovation pol-
icy and intellectual property dia-
logues to chief executive forums
or joint economic and trade
commissions. They can often
proliferate—which requires
coordination, as seen recently
with the latest approach to refin-
ing and consolidating the US-
India Strategic and Commercial
Dialogue in September 2015.”

Improving access to informa-
tion and capabilities. Inter-
national institutional networks
are an example. International-
izing institutional footprints has
become a common strategy for
leading global universities and
research institutes. This has been
far less true for publicly funded
organizations that focus on inno-
vation support. Germany’s net-
work of Fraunhofer Institutes,
with bases in over a dozen coun-
tries beyond Europe, is a notable

exception."’

Clarifying national priorities
and objectives for innovation
to chosen partners. Examples
would include published regional
or national strategies. Despite the
obvious benefit in helping dip-
lomats craft engagement mod-
els, these formal strategies are
extremely rare. The political
challenges to implementing this
type of long-term strategy are
exemplified by the fact that one
of the best-known instances of
this kind of strategy, Australia in
the Asian Century," developed




in 2012 under Prime Minis-
ter Julia Gillard, was ‘officially
dumped’ a year after its release
by Tony Abott’s government.'?

« Addressing cross-border inno-
vation challenges. Examples
include building global coali-
tions: These are often facilitated
by multilateral or non-govern-
mental actors. Notable recent
efforts include Mission Innova-
tion, a commitment by 20 coun-
tries and a host of leading indus-
trialists at the United Nations
Climate Change Conference in
Paris (COP 21) held in Novem-
ber 2015 to work together to
accelerate the green energy revo-

lution.”

The case of the UK

Some countries have taken very
visible steps to improve their abil-
ity to shape and influence global
science and innovation relation-
ships and outcomes. A case in point
is the UK. The UK boasts one of
the most highly internationalized
systems of science and innovation
in the world. Approximately 46%
of the UK’s scientific publications
have an international co-author, and
an exceptionally high proportion of
UK business R&D is funded from
abroad."

The last 10 years have seen a sig-
nificant increase in the UK’s efforts
to build capabilities for influencing
and enabling international collabo-
ration on science and innovation.
Part of this is the result of greater
information sharing. The Global
Science and Innovation Forum, for
instance, chaired by the UK gov-
ernment’s chief scientific advisor,
helps coordinate the various efforts
of UK ministries, funding bodies,
academies, and government-funded
agencies. Part of this is the result of
growing infrastructure—for exam-
ple, the UK’s Network of Science

and Innovation attachés has grown
to over 90 staff, based in embas-
sies and consulates in 28 countries
and 47 cities around the world,
and is supplemented by an inter-
national network of IP experts."
Additionally, in a move that would
have been seen as countercultural
to the UK’s bottom-up approach to
science in the past, the UK research
funding body Research Councils
UK now has several permanent
overseas offices, including in India
and China.

One of the biggest shifts, how-
ever, has been in the creation of sig-
nificant new funds to enable global
collaborations not only in research,
but also in innovation. One example
is the Newton Fund. Launched in
2014, this fund originally commit-
ted £75 million a year for five years
to support collaboration with 15
emerging economies in three types

of activity:

« People: increasing capacity in
science and innovation, individ-
ually and institutionally, in part-

ner countries;

* Research: establishing research
collaborations on development
topics; and

+ Translation: translating science
into commercial activities and
creating collaborative solutions
to development challenges and
strengthening innovation sys-

tems.

In 2015, the Newton Fund was
extended by two years (from 2019
to 2021) while the UK’s annual
commitment to the fund was set to
double—from /75 million per year
to £150 million per year by 2021—
leading to an overall investment
of £735 million, with partner coun-
tries expected to provide matched

resources.

A similar level of ambition is
displayed by the 2015 commitment
from the UK’s Foreign Office to
create a /1.3 billion Prosperity
Fund over the next five years to
‘promote the economic reform and
development needed for growth’ in

priority partner countries."®

The case of China

Another notable case is that of
China. China’s approach to inter-
national collaboration as a whole is
increasingly strategic.'”” Ever since it
began the process of opening up in
1978, foreign policy has been used
to advance economic development.
More recently, anintensifying web of
international connections has spread
across every aspect of China’s inno-
vation system— from joint academic
research to technology transfer and
licensing, foreign direct investment,
and mergers and acquisitions.'® As
a result, the Chinese innovation
system is now densely connected to
sources of expertise elsewhere. One
thing that distinguishes China’s
innovation pathway from that of
Japan or the Republic of Korea is its
willingness, where necessary, ‘to buy
expertise off the shelf”'” Time and
again, examples of highly targeted
collaborations in research and inno-
vation are evident.”’ As Adam Segal,
a China expert at the US Council
on Foreign Relations, outlined in
his testimony to Congress, ‘One of
China’s great strengths has been a
laser-like focus on shaping foreign
interactions to serve national inno-

vation goals.”'

Steps towards a more effective and
impactful approach to innovation
diplomacy

Although it is possible to discern
a broad range of strategies and a
growing prioritization of innovation

diplomacy in many countries, it is far
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harder to be clear about what works—
and about the specific link between
a particular intervention and its
outcome. Evaluating diplomatic
initiatives is notoriously difficult.
Their influence is often indirect and
very long term. However, instead
of waiting for a future historian’s
account of the impact of innovation
diplomacy, it is useful to consider
whether it is possible (1) to construct
a better framework for analysis by
identifying the players and prin-
ciples of innovation diplomacy; (2)
to identify and improve the range of
tools and public initiatives in ques-
tion and determine how they map
onto different strategic goals; and (3)
to consider whether the right data
are being collected to judge what is
working.

First, it is clear that innovation
diplomacy is not merely a subset of’
science diplomacy. Because of this,
policy makers need to be cautious
about applying the approaches of
science diplomacy to innovation
diplomacy. Acknowledging the
wider range of players (and therefore
interests and incentives) involved is a

first step. These players include:

* national innovation agencies,
which are playing a greater role
as their initiatives become more
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internationalized;

* companies, both large and small,
with wide-ranging risk appe-
tites as well as widely varied pre-
paredness and commitments to

corporate nationality;?

¢ philanthropic and powerful non-
governmental organizations,
such as the Bill & Melinda Gates
Foundation; and

e new supranational or multilat-
eral bodies—such as the EU’s
proposed European Innovation
Council—which stem from a

recognition that current science

diplomacy initiatives do not meet
the needs of small and medium-
sized enterprises or provide suf-
ficient support to scaling.”*

Second, investment must be
made in mapping, evaluating, and
improving the toolkit of public pro-
grammes, exploiting what has been
learned about successfully promoting
open innovation in recent decades.
Much of the focus of international
economic relations to date has been
on the overall enabling conditions,
legal frameworks, and trade agree-
ments, with efforts to connect
individuals often limited to one-
off workshops and trade missions.
However, support to build relation-
ships and trust over time can be
critical to the success of innovation
partnerships.”®* As Nick Rousseau,
former Head of Innovation Strategy
at the UK’s Department of Business
Innovation and Skills, points out,
“We need to build skills and relation-
ships across governments to facilitate
the human side of innovation diplo-
macy, including recognition of the
extensive time and effort involved
in reaching agreement about shared
priorities across such a diverse range
of stakeholders and perspectives.*

Given what has been learned
about the complementary invest-
ments in innovation required to
exploit R&D spending (such as
design, organizational learning, and
training),”” innovation diplomacy
initiatives should not be limited to
forging R&D partnerships.

Indeed, one of the most valuable
aspects of innovation diplomacy
initiatives could be to improve the
quality and flow of information to
companies, universities, and policy
makers about the new opportunities
and dynamics of innovation around
the world. By now, the tropes of
globalization are entirely familiar:
these include the emergence of

transnational production and inno-
vation chains; the growing flows
of people, goods, money, and ideas
through multiple networks; the
shift of economic and hard power
towards new strategic centres; and
the growing importance of soft
power, culture, and people-to-
people connections in shaping the
evolution and performance of dif-
ferent communities. Policy makers
and companies are getting used to
the idea that disruptive technologies
and business models could arise from
and be exploited by any number of
emerging innovation hubs. There is
constant analysis of what these new
forms of power mean—from social
media storms that could topple dic-
tators to new business models and
methods that range from Uber to 3D
printing that might eclipse existing
industries. Yet this analysis veers
from wildly romanticized to danger-
ously underestimated. Innovation
diplomacy efforts could support a
more balanced analysis that helps
companies and other stakeholders
make better strategic decisions about
innovation investment and collabo-
ration around the world.

Third, and finally, if ‘what gets
measured gets done’, it is important
to ensure that the right things are
being measured. That has implica-
tions for how innovation diplomacy
efforts are tracked and evaluated.
Policy makers need to invest in
their theory of change for innova-
tion diplomacy, and they need to
get far better at articulating desired
goals and outcomes. Standard met-
rics such as joint publications and
joint patents are only one part of
the story of judging the impact of
collaboration, while even metrics
like the number of joint ventures
agreed are in danger of being lag-
ging indicators that provide infor-
mation only at an advanced stage.
What is required is to see how




relationships are blossoming early
on, in real time, using innovative
sources of data such as web scraping,
social media, and collaboration plat-
forms (such as GitHub in software
development)—these better reflect
the wider intangible investments in
relationships beyond formal R&D,
and thus eventually lead to successful

innovation outcomes.
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CHAPTER 5

Local Needs, Global Challenges: The Meaning of Demand-Side Policies
for Innovation and Development

Jakos EDLER, Manchester Institute of Innovation Research, Alliance Manchester Business School, University of Manchester

In very generic terms, ‘innovation
policy’ is traditionally conceived
as a way to support the capability
of countries or regions and their
innovation systems in producing
novelties and putting them to use.
The academic and political debate
about innovation policy has focused
for decades on supporting the gen-
eration of innovations. This is best
illustrated by the concepts and indi-
cators used to assess and compare the
innovativeness and competitiveness
of countries, which concentrate pri-
marily on supply-side conditions,
activities, capabilities, and interac-
tions. Moreover, innovation policy
rationales and policy instruments
have been developed mainly in the
context of developed countries.
This chapter argues that this tra-
ditional take on innovation policy
severely limits its potential to deliver
innovations across the globe, in par-
ticular in developing and emerging
countries. It suggests that attention
should be paid to demand and the
demand conditions for innovation,
and that the conditions of develop-
ing and emerging countries should
be taken firmly into account to
make a difference at national and
international levels. In doing so, the
chapter introduces the concept and
rationale of demand-side innovation
policy and links it to the debate on
innovation policy for development.

Demand-side policies: Justifications
The function of innovation is three-
fold, and it is an important starting
point to stress that for all three of
these functions the understanding
and support of demand is essential.
The first function of innova-
tion is to drive economic development,
which in terms of policy and analy-
sis—despite many regional and even
city-wide approaches—is still largely
associated with the nation state. It
is critical to note that the economic
dynamics of countries depend as
much on demand—that is, on the
speed of adopting and absorbing
innovations—as they do on the gen-
eration of innovation itself.' In fact,
for considerable time economists
have regarded favourable condi-
tions for innovation diffusion as the
most important driver for economic
development.> The constructive
role of lead users in testing, further
improving, or even co-generating
innovations is an essential element of
these favourable demand conditions.”
Thus systems with an advanced
demand for innovation offer bet-
ter context conditions for firms to
invest in innovation, often leading
to export advantages as international
demand catches up.* This can be seen
in a broad innovation survey, where
European companies indicated that
uncertainty in the demand for their
innovations is the major obstacle for
innovation and demanded support
on the demand side—rather than for

their own research and development
activities.’

Second, innovation systems
need to help satisfy national and local
needs. In market economies, needs
are fulfilled only if they are articu-
lated as demand—that is, as signals
to potential suppliers to buy for a
certain price. Innovation systems are
of limited legitimacy if the innova-
tion they offer cannot respond to the
needs of their own populations—
that is, if they are not orientated
towards local demand.

Expanding this understanding of
innovation as serving needs on the
global scale leads us to the third func-
tion of innovation: Innovations are
essential for tackling the big global chal-
lenges. However, simply producing
ever-more sophisticated technolo-
gies that are not rolled out broadly
and globally will not be sufficient
to tackle global challenges such as
the reduction of carbon emission.
For that to happen, broad diffu-
sion and application of innovative
energy-efficient products and pro-
cesses are required. This means that
demand must be articulated and must
connect with supply, and potential
buyers and users must be able to
understand and use innovations that
address the challenges defined.

Although demand
ties and conditions are important

capabili-

for all three innovation functions,
for a very long time they have not
received due attention in innova-

tion policy discourse and practice.

o
~
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Figure 1: Justifications for innovation policy intervention on the demand side

Market and
systems
failures

Private and
public needs

» Demand for innovation to:
> Trigger innovation of local or national firms

» Information asymmetries from a lack of interaction between demand and supply

»  Poor articulation of needs into market demand

» Lack of capability to ask for and use innovation

» Highiinitial costs of innovations, diminishing over time and with increasing diffusion

» Accelerated diffusion of innovation to:
> Support (local) need satisfaction and policy
> Support goals that make public services more efficient and effective

Economic > Render investment locations more attractive by:

development

Despite acknowledging the impor-

tance of demand, neoclassical
economists are in general still very
sceptical about policy that supports
demand for innovation, claim-
ing this to be a counterproductive
intervention into market forces.
However, three sets of justifications
for policy interventions that tackle
the demand side exist (see Figure 1).°
First, numerous market and system
failures occur on the demand side
and between demand and supply.
Often innovations are not bought
and used because of a lack of infor-
mation about their added value or
because of a lack of capabilities to
use them. Furthermore, needs are
sometimes poorly articulated, and
thus suppliers are not aware of a
potential demand for solutions they
could provide. Moreover, innova-
tions are initially often too costly for

potential users. All of those failures

« Testing markets and demonstration effects
+ Scaling effects
« Exporting ‘dominant designs’ to markets with similar needs

turn into a policy problem if the
diffusion of that innovation would
greatly add societal benefit.

A second set of justifications is
genuinely political and refers to the
orientation towards needs and grand
challenges: it is a prime task of the
state to provide solutions to societal
problems and to support the satisfac-
tion of societal needs, at local and
global levels. Measures to increase
the deployment and diffusion of
innovative solutions can significantly
contribute to that purpose. Finally,
there is an immediate economic
argument. The academic literature
has shown the positive effects of
forefront demand for innovation
on the attractiveness of locations as
places to generate innovation.” Local
and national firms thrive when they
are co-located with consumers or
firms willing and able to buy and

adopt their innovations, and those

Intelligent
intervention

Overcoming
obstacles

and realizing
the societal
and economic
potential of
innovation

firms in countries with leading-edge
demand tend subsequently to export
their innovations to foreign markets.
Support on the demand side can thus
be a means of intelligent industrial
policy that is, at the same time,

linked to societal needs.

Demand-side policies: Instrumentation

The demand-side instruments avail-
able for the state are numerous,
but they can be classified into five
groups where strategic demand-side
approaches can combine those mea-
sures and ensure that corresponding

supply-side measures are in place:®

e The state can act as buyer. The
most direct leverage for the state
is public procurement of innova-
tion, whereby the state strategi-
cally decides to invest in innova-

tions that help to satisfy societal




demands or make public services
more effective and efficient.

e The state action can apply
so-called price-based measures.
Subsidies or tax allowances
reduce the price for innovations
in their early stage in order to
set in motion a virtuous cycle
of diffusion and cost reduction

through economies of scale.

e There are numerous non-finan-
cial measures by which the state
can improve the capabilities and
readiness of potential custom-
ers to buy and use an innova-
tion. Those instruments include
awareness measures, labels and
demonstration projects to build
up trust in innovations, and edu-
cation programmes designed to
enable consumers and firms to

use innovations effectively.

* The state can support the artic-
ulation of needs (e.g., through
needs-based foresight activities);’
translating those needs into sig-
nals of demands for innovation
is important to direct innovation

activities towards demands.

e The state can support the user
of innovation in generating or co-
generating innovation, including
so-called social innovation ini-

tiatives.

Existing evidence has shown
that the design and deployment of
demand-side measures to stimulate
innovation is challenging, but it
can have a considerable impact on
innovation generation and espe-
cially on innovation diffusion.'’ In
many countries in the Organisation
for Economic Co-operation and
Development (OECD), a re-orien-
tation towards demand-side ratio-
nales and instruments has begun.'' It
is not yet clear whether this signals
the beginning of much more direc-
tionality and societal orientation

in innovation policy in the OECD
world, which would necessitate a
more radical shift in the governance
of innovation policy.”” What is clear,
however, is that just as in the OECD
world, developing and emerging
countries would equally benefit
from such a shift in their innovation
policy. A shift towards the demand
side could link the local and national
development agenda much better to
the innovation agenda. In fact, such
a shift towards recognizing and sup-
porting the demand for innovation
is urgently needed on a global scale
for innovations to make a speedy and
recognizable impact on local needs,
global challenges, and economic

development.

A demand-side rationale for innovation-
based development

The vast majority of scholars work-
ing in science, technology, and
innovation (STI) policy in develop-
ing countries agree that traditional
supply-side STI policy has failed to
deliver economic development, and
in particular has failed to include the
poor.” One major problem identi-
fied is governance failure and a lack
of policy and governance models
appropriate for innovation policy in
emerging (and developing) coun-
tries.'"* The argument put forward
in this chapter is that the concept of
innovation has to be broadened, and
that the rationales and instruments
of demand-side policies need to
be further developed and deployed
broadly across the developing world
to support and increase the genera-
tion and diffusion of innovation for
the benefit of local and global needs.
This broader approach will open up
new opportunities for South—South
trade between countries with similar
needs and capabilities. This could
contribute to an uplift of innovation
capabilities in the developing world

that could turn a vicious cycle of
innovation dependency into a virtu-
ous cycle of contributions to global
innovation. At the same time, the
development and rollout of demand-
side innovation policy for developing
countries would be an opportunity
to experiment with policy support
measures and to expand the toolbox
of demand-side innovation policy
itself.

As mentioned above, traditional
STI policy for developed as well
as developing countries is built on
the paradigm according to which
innovation is mainly a result of sci-
entific knowledge and technologies
employed; in this paradigm, actors
and entire innovation systems learn
through the spread of scientific and
technological knowledge. However,
countries with poor scientific and
technological capacities rely largely
on alternative forms of learning and
innovating. As Lundvall, among
many, has stressed, there are other
forms of learning: ‘learning by
doing, using and interacting’.'” In
fact, even in developed countries,
the bulk of innovation generated
and diffused is not based on sci-
entific knowledge. Therefore the
ability to learn by using and doing
is important. Support for this abil-
ity is a major pre-requisite for the
absorption and diffusion of innova-
tion in the economy and in society
more broadly. Zanello et al. (2015),
in a broad review of evidence on
innovation diffusion, claim that the
transfer, adoption, and adaptation of’
knowledge to low-income countries

. constitute an important issue to
understand and promote economic
growth and global development ...".'
However, arange of specific obstacles
exists for developing countries—in
particular, the lack of absorptive
capacity for products that are often
not originally designed for those
countries’ specific local needs."”
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All this calls for capability building
on the side of the users to improve
the ability to use innovations;'® for
more awareness and communication
about innovation supply and need;
and, finally, for more emphasis on
the generation of innovation by
those who need it themselves.
Consequently, a demand-side
innovation policy approach for
developing countries would start
with their specific need for innova-
tion and the particular ways in which
they would use it. This would link
to and build on existing approaches

of ‘inclusive innovation’,'” ‘inclu-

sive development’,*

and ‘innova-
tion for inclusive growth’?' Those
approaches should not be seen merely
as ‘innovations for the poor’,** but
rather should be understood as an
opportunity for major change in
innovation policy development,
based on a ‘radical shift in how we
think about innovation’* All those
approaches start from the premise
that local needs often cannot be
satisfied through existing, mostly
international, supply. Instead, ini-
tiatives are needed that are seen as
directly contributing to local and

national ‘problem solving’;**

such
initiatives involve those who have
the need, include them in the devel-
opment of innovation, and—ide-
ally—support the scaling up of those
inclusive innovations for diffusion
within and between countries for a

global spread.”

Mobilizing demand-side instruments for
innovation-based development

To trigger those innovation-oriented
approaches, demand-side innovation
policy approaches as outlined above
can be mobilized. Three examples
can illustrate this approach. First, in
line with the demand- and need-
driven paradigm of innovation pol-

icy, the starting point should be to

foster the articulation of needs. This
articulation can take advantage of
foresight techniques. Existing fore-
sight processes all too often focus on
the development trajectories of new
technologies and how they could be
deployed in developed and develop-
ing countries. But foresight can be
need- and challenge-oriented, can
include users at all levels of society,
and can focus on (future) needs and
jointly explore creative ways in
which those needs can be satisfied.*
On that basis, needs can be trans-
lated into research and development
activities.”” Those exercises could be
performed jointly by countries with
similar conditions in terms of eco-
nomic development, socioeconomic
context, geographical conditions,
and so on. International need-driven
foresight can unearth commonalities
between different regions in a coun-
try or between different countries,
allowing for synergies in innovation
generation and developing markets
for innovation that are attractive
to providers. Thus groups of coun-
tries or global or regional interna-
tional organizations could employ
joint ‘need-and-solution’ foresight
activities.

A second way to start innova-
tion development and deployment
with local needs is illustrated by the
impressive Massachusetts Institute
of Technology (MIT) D-Lab. This
initiative supports concrete, need-
driven innovation activities of users
and, in order to ensure rollout, assists
in the capacity building for the actual
use of bottom-up innovations as well
as the build-up of global networks.
Since 2011 the MIT D-Lab has been
rolling out a programme intended
to scale up and transfer proven solu-
tions, cooperating with a range of
national and international organiza-
tions with a wide reach in similar
contexts.”® Again, there is no reason

why scaling up and good practice

should be confined to specific locali-
ties or nations.

Third, public bodies can think
creatively about the way they pro-
cure. The idea of procurement of
innovation as a policy means to fos-
ter innovation has been discussed in
the OECD world for a number of
years now.”” The organizational and
institutional obstacles to asking for
and buying innovation in the pub-
lic sector are high in any country,
because public purchasing is often
averse to risk taking, learning, and
engaging with suppliers.’” In addi-
tion, many emerging and developing
countries also endure a high level of
corruption and low level of trust in
public procurement. However, as a
current study for the Inter-American
Development Bank has shown, there
are opportunities in emerging and
developing countries to define local
needs and engage with suppliers in
ways that increase the likelihood
of producing meaningful innova-
tions for the public sector. As that
report notes, a trend of consider-
ing the use of public purchasing
for locally meaningful innovation
is emerging,” whereby the initial
purchase of an innovation can serve
as a trigger for broader diffusion and
adoption in the private market. In
some cases, initial supply may come
from foreign firms, but the practi-
cal application and modification of
innovation in a local context leads to
innovative processes and products in
local supply chains, to learning, and
eventually to added value activities
across the economy. Furthermore, if
public bodies define needs locally in
consultation with public and private
users as well as potential suppliers,
the local production of innovation
and/or the co-generation of innova-

tive solutions is more likely to follow.




Conclusions
This chapter argues that the debate
on development, frugal innova-
tion, and innovation for developing
and emerging countries should be
linked with a broader discourse on
innovation policy that focuses on
needs and the demand conditions
for innovation. There is a good
social and economic justification for
innovation policy for the demand
side, and this justification is even
more compelling for developing
countries. Innovation policy is not
only about the immediate economic
effect of who supplies the innova-
tion in the first instance, but also
about contributing to development
and need satisfaction through dif-
fusion. Innovation generated on the
basis of demand measures is much
more likely to satisty local needs and
enable learning across societies.
Besides, the adoption and use
of innovation in a country is eco-
nomically beneficial not only
through the use of the innovation.
Because policy starts with needs and
demands articulated in the develop-
ing country, the likelihood that the
generation of innovation happens in
the country is higher because users
have to be involved or mobilized.
Furthermore, the supply of innova-
tive solutions through international
firms also tends to trigger innovative
adaptation on the local supply side,
and local suppliers and service pro-
viders upgrade and adjust their skills.
A whole range of policy instruments
isavailable to support the articulation
of demands and the co-generation
of innovation between suppliers and
users, as well as the uptake and diffu-
sion of innovative solutions that work
in a given context. Policy activities
should thus focus much more on the
combination of satisfying local needs
and generating innovative solutions.
Those measures are not confined
to local or national contexts only;

rather, they can be deployed also
at the international level. Markets
for innovative niche solutions can
be scaled up if a cross-national
awareness about similar needs and
corresponding solutions is actively
created. International policy can
focus on joint foresight activities, on
exchange of good practice, on sup-
porting the scaling-up activities, and
on supporting South—South trade
opportunities for locally produced
solutions that satisfy similar needs in
other locations.

In the end, the support measures
outlined above would enhance the
ability of populations and systems in
developing and emerging countries
to develop innovation themselves,
for their own needs and for the needs
of others. In doing so they would
also help the diffusion of innovation
acrossdeveloping countriesand make
it more attractive for international
suppliers to modify their products to
better fit the local needs. Only the
combination of international supply
and local production of innova-
tion as well as active demand-side
policies will lead to the scaling up
of diffusion and use of appropriate
innovations needed to make a real

global difference.
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CHAPTER 6

Becoming a Global Player by Creating a New Market Category:

The Case of AMOREPACIFIC

Hyunsee HANNAH Kim, Seoul National University
JEEHYE JENNIFER RHO and SEONJOO LEE, AMOREPACIFIC

JAEYONG SONG, Seoul National University

Innovation has long been viewed as
a source of sustainable competitive
advantage for a firm." However,
innovation has become a core chal-
lenge for many organizations because
they face ever-increasing levels of
competition and rapid changes in
technology.” In most technological
sectors, firms in developed coun-
tries such as the United States of
America (USA), Japan, and some
countries in Europe have accumu-
lated technological capabilities for
many years and are now recognized
as global technology leaders. Firms
in emerging economies are behind
these incumbent leaders. However,
recently a few leading firms in
emerging economies have rapidly
developed their own technological
capabilities and transformed them-
selves into innovators so that they
could catch up with incumbent
leaders in developed countries and
globalize successfully.’
AMOREPACIFIC, which has
been the number 1 beauty company
in the Republic of Korea (Korea) for
more than 70 years, provides an ex-
cellent case study of an organization
that has globalized through innova-
tion (see Chapter 7 about another or-
ganization—MasterCard—involved
in radical innovation). Because
AMOREPACIFIC’s market origi-
nated in Korea, which comprises
only 3% of the global beauty mar-
ket, this remarkable growth could
not have been achieved without the
successful implementation of a series

of innovations. AMOR EPACIFIC,
recently making the quantum leap
from a regional to a global player
in the cosmetics industry, built its
business and brand both in domes-
tic and in overseas markets by con-
tinuously creating new product
categories. The most important of
these, and the one that has propelled
AMOREPACIFIC into the global
arena, is the cushion compact.

The cushion compact is a new
type of face makeup product that
integrates coverage, UV (ultraviolet)
sun protection, cooling and sweat-
proof properties, and moisturizing
benefits in a special sponge that is
soaked with liquid foundation and
stored in a double-sided airtight
container. This product is more
than a simple upgrade of previously
existing face makeup products: it is
an example of a breakthrough inno-
vation that created a whole new
category. By meeting customers’
unmet need for convenient, quickly
applied, and flawless face makeup,
AMOREPACIFIC created a new
market category in face makeup
that, in turn, allowed it to gain a
prominent position as an innovator
in the global cosmetics market. Its
success has led other global industry
leaders to launch their own cushion
compact products at a later point in
time, following AMOR EPACIFIC’s
lead.

In most studies, innovation is
considered to be a generic concept
rather thanaprocess consisting of two

distinct stages: the creativity stage,
which generates new ideas; and the
implementation stage, which suc-
cessfully implements those creative
ideas.* This chapter will consider
the example of AMOREPACIFIC’s
successful transformation into a
global player by investigating the
company’s breakthrough innovation
and analysing it in terms of these two
stages. It will also examine the new
challenges the company is facing as
it grows its presence in the global

cosmetics market.

Creating a new market category and new
customer value proposition

Christensen’s concept of ‘disrup-
tive innovation’ considers that suc-
cess starts not by thinking about
new business models but rather by
thinking about the opportunity to
satisfy ‘a real customer who needs a
job done’? In order to be successful,
a company must determine how to
create value for customers—that is,
how to solve a problem faced by a
particular group of customers. Once
a company understands the scope of
the ‘job’ (the problem faced by the
customer) and the process for solving
it, it can then design a new product
to meet those needs. In general, the
larger the problem and the lower
the level of customer satisfaction
with current options for solving
it, the better the company’s new
solution will appear compared to
existing products. Without creating
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a new customer value proposition,
sustainable innovation could not be
achieved.

AMOREPACIFIC was able to
create a new customer value propo-
sition by understanding the lifestyles
of their customers and discovering
their unmet needs instead of focus-
ing solely on customers’ patterns of
using existing cosmetic products.
The company is known for its
vertically integrated channels and
its variety of sub-brands. Together
these allow the company to cover
all points of contact with custom-
ers in the domestic market. These
include places where customers and
AMOREPACIFIC interact, from
department stores to home shop-
ping and e-commerce; they also
include different customer segments,
from luxury to mass market buyers.
AMOREPACIFIC has built and
operates a Customer Strategy Team
that collects and analyses quantita-
tive data and a Beauty Research
Team that studies qualitative data
through these multiple avenues.

The findings of these teams
included data on the number of
beauty products regularly used by
most Korean women and the time
they spent in applying those prod-
ucts. The teams also found that the
majority of women customers have
become aware of the need for con-
venient and frequent applications
of face makeup products with UV
protection.

Based on the data it collected,
AMOREPACIFIC was able to engi-
neer a new product that addressed
the unmet needs of its customers
and changed the way they regard
beauty products. The cushion com-
pact itself is a face makeup product
that serves several functions, sold in
a unique container that makes car-
rying and applying makeup easy.
The cushion compact not only dra-
matically reduced the time needed

to apply cosmetics (shortened, on
average, from 13 minutes to 7) and
the number of base makeup prod-
ucts needed (on average, from 2.2
products down to 1.7), but it also
addressed customers’ desire for con-
venience while providing sufficient
coverage. Moreover, the greater
convenience encouraged those who
did not typically use face makeup to
try it, resulting in an expansion of’
AMOREPACIFIC’s customer base.
By solving an important problem
for busy working women in mod-
ern society, the cushion innovation
created a new market category, both
replacing and expanding an existing
face makeup category in the beauty

products market.

Supporting systems for idea generation
and implementation

Based on earlier work by Christensen
and his colleagues, Johnson et al.
argue that once a customer value
proposition is clearly identified, it
is important to align it with key
resources and processes to gener-
ate a successful business model.
Innovation in organizations may
progress through stages,” and schol-
ars have shown how different orga-
nizational systems are required for
two stages of the innovative process:
idea generation and implementa-
tion.* AMOR EPACIFIC was able to
maintain success by supporting the
innovation of their new products by
implementing appropriate organiza-
tional cultures and processes at the
proper times during the innovative

process.

Psychological safety in the idea generation
phase

Recent literature reviews on inno-
vation support the concept that team
climate has significant influence on
the generation of creative ideas.’
This is because innovative ideas are

generated when individual thinkers
within the organization exchange

risky and novel ideas."’

A supportive
team climate is critical for individu-
als to feel comfortable sharing and
developing their ideas. Edmondson
(1999) defines this team climate as
one of ‘psychological safety’: a shared
belief that a person is safe to take
(interpersonal) risks. Furthermore,
psychological safety is closely related
to innovation in various work envi-
ronments: it leads to the belief that
mistakes and errors are tolerated and
accepted, which in turn enhances
an individual’s cognitive capac-
ity and perceived instrumentality.
Tolerance and the acceptance of
mistakes reduce cognitive load and
enhance relative cognitive capac-
ity.""! When psychological safety is
elevated, uncertainty and anxiety
about performance are assuaged
and thinking can shift to enable the
search for innovative ideas. In addi-
tion, tolerance and the acceptance
of mistakes encourage perceived
instrumentality, which Malka and
Covington (2005) define as an indi-
vidual’s recognition that his or her
current behaviour is instrumental
to achieving a valued future goal.
In short, individuals are more likely
to be motivated to engage in gener-
ating and implementing innovative
ideas when perceived instrumental-
ity is high and they are in a psycho-
logically safe environment.

In the case of AMOR EPACIFIC,
after the company determined the
unmet need for convenient, flawless
face makeup that includes UV pro-
tection, it still had to find the right
solution. The idea of the cushion
compact was first developed by a
research and development (R&D)
staff member. Motivated by notic-
ing how the ink in stamp pads does
not flow, thus allowing it to be
evenly stamped, he suggested that
the company develop a technology




to control liquidity as ink stamp
pads do. Without a psychologically
safe company culture, this somewhat
wild idea from a lower-level R&D
researcher would not even have been
put forward. However, the organi-
zation encouraged him and his team
to develop this idea, so they tested
different types of sponges made from
a wide range of materials. After over
1,000 hours of brainstorming ses-
sions and more than 3,600 tests, he
and his team were able to develop
AMOREPACIFIC’s current cush-
ion product, which features a new
type of cell-trap technology. The
cushion has an airtight container
that utilizes specialized expandable
urethane foam and provides newly
developed UV protection, low vis-
cosity, and many traditional benefits

of face makeup.

Less hierarchy and more cross-function
Having articulated a value proposi-
tion for the customer and generated
a business model, companies must
next consider the key processes
needed to deliver that value."”
Developing a new product with a
new technology requires sharing
detailed processes between various
departments within the company.
Hulsheger et al. (2009) emphasize
that meta-analysis of the factors
impacting innovation and process-
relevant variables, such as task orien-
tation and communication, are more
important in generating innovative
performance than key resources such
as team composition.

The case of AMOR EPACIFIC is
unusual because it defies its cultural
norms. Traditionally, large Korean
companies tend to rely on hierar-
chical, isolated working processes
in which everybody has a place and
these processes need no justification
to manage organizations efficiently.
Most organizations in Korea are
structured with a hierarchy of six

to ten levels. AMOREPACIFIC,
however, successfully supported
the innovation process by creating
a working process structured for
a flatter hierarchy and increased
cross-functionality. It structured its
corporate culture with only four
hierarchical levels: executives, lead-
ers (team or project leaders), profes-
sionals, and associates. Additionally,
all employees refer to one another by
name only, as opposed to the name-
and-status designation used in most
other Korean companies.

This less

ture has enabled the organization

hierarchical struc-
to be more fluid and flexible to
foster cross-functional collabora-
tion. Product ideas are often shared
freely between members in different
departments—such as marketing,
R&D, and supply chain manage-
ment (SCM), which covers materials
procurement and package develop-
ment. When the cushion idea was
first developed by R&D department
staff members, a collaboration net-
work was established consisting of
members of the R&D, marketing,
design, and SCM departments. All
aspects of cushion product develop-
ment—including testing more than
200 types of sponges and conducting
more than 3,600 tests with employ-
ees and customers—were made
possible through this collaborative
network. Collaboration among
departments made it possible for
AMOREPACIFIC to understand
customers’ needs and receive cus-
tomer feedback, as well as to imple-
ment those findings into high-level

technological development.

Culture of endurance

Christensen and his colleagues show
how difficult it is for large compa-
nies, which have secured sustainable
or strong profitability with their
current business, to adopt disrup-
tive innovation strategies because

disruptive innovation may dilute
current profitability and usually
results in lower profit margins."
Discovering new customers, manu-
facturing products with new and
different technology, and creating
new channels to better access new
types or segments of customers all
contribute to low profit margins
before a critical mass is achieved.
Hence corporate support in the
beginning of the process is essential
to endure these low margins.
Interestingly, AMOR EPACIFIC
first developed the cushion compact
in 2008 but it did not become a
success in the Korean beauty mar-
ket until 2011. Because it was very
different from other existing face
makeup products, customers needed
to be educated about its benefits;
furthermore, the cost of its materi-
als was much higher than the cost
involved in producing conventional
products. Continuing to invest
resources and effort in this prod-
uct for three years, before it caught
on, involved a high level of risk.
However, even in the first three years
after its launch, AMOREPACIFIC
did not pressure the cushion team
but instead encouraged them to try
different channels to promote the
new concept to the right customers.
Because the cushion was an inno-
vative product with a brand new
concept, AMOR EPACIFIC focused
on explaining the concept and dem-
onstrating its use. To increase prod-
uct trials, the company explored
various existing sales channels to
interact with customers. It finally
found success in television home-
shopping channels. This medium
turned out to be more effective than
television advertisements, which are
far-reaching but very brief (only 15
seconds). Despite the cushion’s lack
of profit during its initial three years,
AMOREPACIFIC’s
endurance allowed the new product

culture of
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Figure 1: Revenue growth from the overseas market

Overseas revenue (Korean won, billions)
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2008

Source: AMOREPACIFICinternal data.

to be nurtured through different tri-

als until it achieved success.

Opportunities and challenges of
globalization

Because disruption can take time,
incumbents frequently overlook
disrupters. Hence it is important to
expand beyond the usual customer
base before the product can become
commoditized by the established
global players."* AMOREPACIFIC
is in the process of bringing the
cushion compact to global mar-
kets, and is successfully expanding
its presence in other Asian coun-
tries and North America. Its sales
from the overseas market increased
sharply at a 44% compound annual
growth rate (CAGR) between 2012
and 2015, compared to 16% CAGR
from 2008 to 2012 (Figure 1). The
Bloomberg Billionaires Index has
named the company the biggest

2012 2015

market value mover over the past 12
months (Figure 2).

‘K-Beauty’—an umbrella term
for all Korean cosmetics—has been
attracting fans in global markets;'
with global interest in K-Beauty,
AMOREPACIFIC isin the forefront
of the K-Beauty trend. By intro-
ducing the cushion category to the
global market, AMOREPACIFIC
has been able to establish its position
as a global innovator and raise inter-

est in K-Beauty.'®

Communicating to global customers

A product may be successful in a
domestic setting but it is not neces-
sarily easy to present it in an interna-
tional one. In AMOR EPACIFIC’s
case, seeing the success of its cushion
compact in the Korean domestic
market, the company’s top manage-
ment believed that the innovative
product would not only be able to

capture global customers’ unmet

need of fast, convenient, and flaw-
less face makeup but would also be
able to fortify the company’s brand
as innovator. However, communi-
cating the concept and benefit of
this new product to global custom-
ers was not an easy task, especially
given the still-small business scale of
the company in the overseas market.
Unlike in Korea, where the company
enjoys top-level brand awareness
and customer loyalty, the company’s
brands were not widely known to
the broad base of customers in for-
eign markets. AMOREPACIFIC’s
marketers faced the challenge of
converting customers from using
the conventional makeup products
of well-known brands to the new
and as-yet unknown cushion prod-
uct from a less well known, Korean
brand. Furthermore, it had a limited
budget compared to the budgets of
established global players.

To attract global consum-
ers quickly and efficiently,
AMOREPACIFIC is aggressively
leveraging digital marketing chan-
nels rather than traditional mar-
keting ones. For instance, through
YouTube, Instagram, Facebook,
Weibo, and WeChat, it has been
focusing on expanding commu-
nication with customers not only
by promoting its products but
also by explaining how to use the
new cushion compact and sharing
educational tutorials. Internally,
AMOREPACIFIC has set up an
in-house platform called the Digital
Factory to support these digital
marketing efforts by developing and
distributing new digital contents in

a timely manner.

Meeting local tastes

Beyond merely communicating with
customers on a global scale about a
new product, that product must be
adapted to local tastes and circum-

stances in the new environment. For




AMOREPACIFIC, this means that
it must customize cushion products
with varying colours, moisture lev-
els, textures, and different functions
depending on the climate, culture,
and practices of customers in each
local market. For example, it is mar-
keting the cushion compact with a
greater emphasis on moisturizing
and glow in the Chinese market
to overcome the extremely cold,
dry weather; at the same time, it is
marketing a cushion compact with
a more matte texture and dewy
finish in the South Asian market.
However, in order to expand its
presence and compete successfully
with other established global com-
panies, it is important to accelerate
localization. AMOREPACIFIC
believes that building global R&D
capacity to research local customers’
needs and develop localized solutions
is essential to sustain innovations in
global markets and achieve local-
ization. Besides its R&D in Korea,
the company has built a local R&D
centre in China and is strengthening
R&D systems in other markets such
as Southeast Asia and the USA.

Sustaining leadership among global players
Although AMOREPACIFIC has
been able to begin successtully
global
several challenges remain. Most

expanding to markets,
importantly, the company needs to
remain competitive going forward.
Established, competing companies
in the beauty market began full-
scale production of cushion prod-
ucts at a later point in time around
2015; others launched or will launch
their own cushion products in 2016.
Many of the established Western
brands are aggressively marketing
cushion compacts in overseas mar-
kets where AMOREPACIFIC has a
comparatively small or no presence.
Although AMOREPACIFIC can
accelerate its first-mover advantage

Figure 2: Market value return over 12 months of the 15 largest cosmetics companies
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Source: Based on Lee et al., 2015; data from Bloomberg Markets.

by upgrading its technology and
appealing to customers as the com-
pany that originally created this
market category, it will be difficult
to maintain this status in the future
as cushion product innovation
becomes more commoditized.
AMOREPACIFIC recognizes
this challenge and is trying to
continue innovating in cushion
compacts to stay ahead of the com-
petition while continuing its global
expansion. It is not only the first
company that created this product
category, but, with its accumulated
knowledge of the product and tech-
nology, it can also provide the best
cushion compact to its customers.
The company’s various brands have
been introducing differentiated
cushion compacts; some provide
skincare benefits such as brightening
and anti-aging in addition to the face
makeup function, while others have
a new package design to improve

portability and ease of use. Through
such innovation, AMOR EPACIFIC
is trying to sustain its leadership.
Moreover, AMOREPACIFIC
plans to build on its experiences of
innovation success with the cushion
compact, applying the lessons it
learned there to continue innovating
so that it can bring another break-

through innovation to the market.

Preserving creativity and flexibility

Globalization can have an impact
on a company’s structure and pro-
For AMOREPACIFIC, as
it expands its business globally its

Ccess.

organization and work processes
are becoming bigger and more
complex, leading to greater divi-
sion of work, more specialization,
and increased systematization. Such
changes in organizational structure
and work process make it difficult
to maintain its particular advantage
of flexibility, which originates in

—_
=]
~
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its less hierarchical and more cross-
functional working culture. In
order to sustain its creativity and
flexibility, AMOREPACIFIC is in
the process of developing its global
R&D organizations and systems
that enable cross-functional col-
laboration. In addition, it is adopt-
ing various programmes to generate
and incubate the next generations of
breakthrough ideas.

Conclusions
AMOREPACIFIC is a highly suc-
cessful Korean company that is in
the process of making the quan-
tum leap from a regional player
to a global player in the cosmetics
market. By creating the new mar-
ket category of cushion compacts,
AMOREPACIFIC has enabled
global consumers to significantly
reduce the time spent on applying
base makeup and increase its ease,
resulting in a significant, innovative
change in face makeup culture. This
achievement was possible because
of AMOREPACIFIC’s focus on
understanding the unmet needs of
their customers; its psychologically
safe environment, which allows
employees to voice and implement
novel ideas; and a company culture
that focuses less on hierarchy and
more on cross-functional working.
AMOREPACIFIC’s
continuing its progress towards

path to

global player status depends on sev-
eral factors: how it secures market
leadership in the cushion compact
market category in unexploited
global markets; how it sustains its
competitive advantage among other
global players; and—possibly most
importantly—how it maintains
its flexibility around its growing,
more structured organization. The
company plans to continue bring-
ing new innovations to the market

by actively adopting digital media,

strengthening local R&D, and
building an organizational culture
and system that fosters creativity and

flexibility.

Notes
1 Song et al, 2003; Song, 2014.

2 Greenhalgh et al., 2005.

3 Song, forthcoming; Kang and Song,
forthcoming.

4 Anderson et al, 2014; George, 2007.

5 Johnson et al., 2008, discuss Christensen’s
concept of disruption in the context of
innovation. See also Christensen, 1997;
Christensen and Raynor, 2003; and
Christensend et al., 2105.

6  Johnson et al, 2008.
7 Rogers, 2003.
8  Choiand Chang, 2009.

9  Anderson et al, 2014; Hulsheger et al., 2009;
Oldham and Cummings, 1996; West and
Sacramento, 2012; Woodman et al. 1993.

10  Sutton and Hargadon, 1996.
11 Caldwell and O'Reilly, 2003.
12 Christensen and Raynor, 2003.
13 Christensen et al,, 2015.

14 Christensen et al, 2015.

15 Wood, 2016.

16 AMOREPACIFIC sold more than 6.5 million
units of cushion compacts in overseas
markets in 2015, which is nearly 20% of
its total cushion sales. It has expanded its
footprint in more than 10 countries, with 13
brands and 19 different cushion products.
Cara Song, the consumer product analyst
at Nomura Securities in Korea, expects that
in 2016 AMOREPACIFIC would become
the number 2 company by revenue in the
cosmetics industry in China—a huge leap
from its current China rank of number 5 (see
Lee et al. 2015). Although the global market
offers great potential for AMOREPACIFIC and
its cushion compact, expanding into the
global market poses several challenges for
the company.
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CHAPTER 7

Radical Innovation Is Collaborative, Disruptive, and Sustainable

GARRY LYONS, MasterCard, Ireland

We live in an age where technology
and data capabilities are advancing
at an unparalleled rate—faster than
at any other time in human his-
tory—and presenting huge oppor-
tunities across every industry. This is
sometimes called the “4th Industrial
Revolution Traditional industries
are being transformed through tech-
nology, and everyone and everything
are becoming digitally connected.
In terms specifically of financial
services, this digital shift is the most
significant transformation since the
introduction of plastic credit cards.
The pace of change is expected to
accelerate over the next five years
as it becomes possible for people to
perform financial transactions using
any device and through any channel.
As a leading global technology
company in the payments and com-
merce industry, MasterCard is con-
sidering new solutions to improve
financial services and looking for
ways to innovate faster than ever
before. The company has a vision
of a world beyond cash; the digital
revolution can ensure that every
consumer will have access to a digi-

tally enabled account.

Innovation surrounds us

Rapid technological change provides
a constant wave of new experiences
and opportunities across all aspects
of society. These advances, coupled
with the ever-growing number of
connected devices, drive higher

expectations from consumers, banks,
and merchants alike. The result is a
continued push for improvement.

By 2020, there will be an esti-
mated 50 billion connected devices,'
fueling the ability to provide trans-
formative benefits to companies of
all sizes as well as benefits to con-
sumers looking for increasingly per-
sonalized products and experiences
that make their lives easier.

Innovation is no longer viewed
as ‘nice’ but not essential. Nearly
75% of US private company execu-
tives today say that innovation is
as important to the success of their
companies as effective operations.?
Those who invest in innovation will
position themselves to effectively
meet evolving consumer and indus-
try needs and defend themselves
against the risk of being left behind
(see Chapter 6 for an example of a
company that invested in innovation
and successfully leveraged itself into
a global enterprise).

Looking at the future with a fresh
perspective

To leverage the company’s rich his-
tory of innovation, MasterCard Labs
was established in 2010 as a way to
invest its resources in innovation.
MasterCard currently serves 2.3 bil-
lion cardholders and is connected to
40 million merchants in 210 coun-
tries. It works with 150 currencies
across a worldwide network of part-
ners within the financial community.

The company’s Chief Executive
Officer, Ajay Banga, recognized the
opportunity to look at the future
with a fresh perspective through
the MasterCard Labs. The aim of
the Labs is to help to create new
products, to identify problems and
determine solutions, and to foster a
more innovative culture. Together,
these perspectives have enabled
customers and partners to innovate
more effectively.

The workforce in MasterCard
Labs often includes people who may
not have had direct experience in
the industry. That is an intentional
configuration. The company ben-
efits from bringing in smart, cre-
ative, passionate people who provide
unique insights into new ways for
MasterCard to evolve, unencum-
bered by traditional concerns or

expectations.

Innovation without execution is mere
ideation

Real innovation—disruptive, radi-
cal innovation—occurs when inno-
vators take risks, try lots of things, and
fail smart.

The ‘fail smart’ mantra is a key
part of the MasterCard Labs culture.
One of the company’s roles is to go
‘beyond the payment’ by identifying
and developing solutions that expand
the company’s presence in the com-
merce space. No one wakes up excited
about making a payment. Payments
are one part of much richer consumer
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experiences that address needs before,
during, and after a transaction.

Countless examples illustrate
instances where going beyond the
payment helps drive a better payment
experience for both the consumer
and the retailer. The Pay at Table
solution, launched initially in part-
nership with the United Kingdom
(UK) restaurant chain wagamama, is
one such example. wagamama came
to MasterCard with specific issues
that, if resolved, would improve the
customer’s experience. They wanted
to improve the dining experience
for every one of their customers by
removing friction from the ordering
and payment process. Speeding up
that process would not only allow
wagamama to make their customers
happier, but would also allow them
to boost revenue by turning over the
tables faster, thus allowing for more
customers. The Pay at Table applica-
tion, now live across the UK, is an
example of an approach to improv-
ing the customer’s entire experience
that also has the effect of simplifying
the payment.

Delivering value for only the
consumer or only the retailer will
mean that the solution will not take
off at scale—such a model is not
going to resonate. The most success-
ful innovations are of almost equal
value to both parties. They create
great experiences for consumers and
merchants alike.

This approach highlights the
importance of partnering to find
insights that stimulate innovation.
The more stakeholders who have a
voice, the more relevant and ‘real
world’ the innovations will be. Good
ideas can come from everywhere
and from anyone: business units,
employees as individuals, custom-
ers, partners, universities, start-ups,
developers, and more.

MasterCard’s appetite for inno-
vation is driven by the need to

provide better service for its custom-
ers in ways that make their lives sim-
pler or more convenient. In building
for that future, the innovators at the
company are not afraid to fail—but
failing should be a quick process,
before significant investment has
been made in the failed innovation.
Furthermore, that failure should
provide a learning experience, so
that the next innovative effort is
stronger and will not repeat the
mistakes made. That is truly failing

smart.

Repeatable innovation

Innovation is not the result of luck.
It rarely comes out of unfocused
ideation. It requires structure and
it needs to be continuous. It needs
to be encouraged, developed, sup-
ported, and rewarded—and then the
process needs to be repeated all over
again.

Although structure and process
might seem strange for innovation,
MasterCard Labs views that disci-
pline as critical to ensuring quick
iteration and a clear path to scaling
any ideas that show potential.

The Lab’s innovation pro-
grammes are extensive and
straightforward. They combine
the best-in-class methodologies,
efficient structures, and proven
techniques—and they guide the
innovation journey. They are also an
effective way to leverage one of the
company’s greatest assets—its peo-
ple—to generate new innovations.

Examples of these programmes
include the Innovation Express,
Involve, and IdeaBox; each is
described below.

* Innovation Express. This is a
two-day round-the-clock inno-
vation competition designed
to go from problem to solu-
tion in less than 48 hours.

Cross-functional teams start with
a very specific problem statement
and compete to come up with
a fresh, credible solution to the
challenge. They then turn that
solution into a prototype, busi-
ness plan, video demonstration,
and go-to-market plan. Each
team pitches to a select group of
skeptical judges—representing
the voice of the customer—who

pick the winning solution.

Involve. Involve is a high-pro-
file company-wide competi-
tion where teams of MasterCard
employees identify truly unique
solutions to win the chance to
see their solutions brought to
market as an actual MasterCard
product. Teams work together
outside of their day jobs to
develop transformative product
ideas with the potential for com-
mercial success. Throughout the
competition, teams are required
to go through specific qualifiers
where they present their proto-
types, business cases, and go-to-
market solutions. This serves to
narrow the field, before the most
innovative and commercially
viable solutions are selected to
pitch and demonstrate their
products to the entire company.
Products are then voted on by
all MasterCard employees before
determining the ultimate win-
ner, which is then launched as a
real MasterCard product.

IdeaBox. One of the newest
additions to MasterCard’s inno-
vation efforts, IdeaBox, was
inspired by Adobe’s Kickbox
ideation and pilot-testing kit
and adapted to fit MasterCard’s
culture. IdeaBox is focused on
innovating at the individual level
and cultivating new innovators

within the company. It is also




designed to solicit the kind of
employee ideas that could poten-
tially grow into a start-up ven-
ture within the company. Indi-
viduals or teams (almost all par-
ticipants partner up because the
time commitment is so large)
with promising ideas receive
awards at increasing levels of
difficulty to develop their idea
further. The goal is to present
the concept to the MasterCard
Innovation Council. Finally,
the projects that win the coun-
cil’s approval receive the ulti-
mate prize: The idea is accepted
for incubation, with MasterCard
committing to adopt the idea
and put appropriate resources
and funding behind it to bring it
to market.

These programmes are not just
for show; they deliver tangible
results. They have created many
innovative products or enhance-
ments to existing products that are
now being marketed by MasterCard.

Any device is a commerce device
MasterCard is an example of an
organization that embraces the
opportunities around the Internet
of Things and is working towards
a future where any device could be
enabled for commerce. In this future,
consumers can engage and transact
from any device that is part of their
daily lives—including their phones,
watches, televisions, cars, refrigera-
tors, or even washing machines.
Through its Labs, MasterCard is
collaborating with other companies
to connect everyday appliances so
consumers can use the Internet of
Things to perform chores and free up
time. Both MasterCard and its col-
laborators are parties to improving
their customers’ experience so both

brands are seen in a more positive

light. In other words, this collabora-
tion is to their mutual benefit:

» Connected Fridge. MasterCard
has partnered with Samsung to
offer Groceries by MasterCard,
allowing consumers to order
weekly shopping directly from
their kitchen. This is the first
shopping application integrated
directly into a fridge and will
come preloaded in Samsung’s
Family Hub refrigerator. At
launch, it supports buying gro-
ceries via FreshDirect and Shop-
rite. Consumers may never run

out of milk again.

« Connected Washing Machine.
MasterCard has partnered with
Whirlpool to develop a digital
solution to a real-world problem:
how to displace the large amount
of cash and coins used by con-
sumers to pay to do their laundry
in coin-operated machines. The
mobile app Clothespin allows
consumers to pay for their laun-
dry cycles directly from their
phones. This also solves Whirl-
pool’s challenge of collecting
a large number of coins across

multiple locations.

+ Connected Vending Machine.
Over the course of a weekend,
the Labs development team took
a vending machine prototype
and connected it to the digi-
tal payments platform Master-
Pass. The result is that consum-
ers can securely order and pay
for any vending machine item
directly from a phone, tablet, or
even smartwatch. This is not a
small problem: There are almost
30 million vending machines
operating worldwide today;
the majority accept coins but
not electronic payments, so the

vending machine company must

collect the coins and repair the

machines when the coins jam.

The importance of partnerships
Innovations such as Clothespin
and Groceries have one vital thing
in common: They were created
through partnerships.

There is no monopoly on inno-
vation. Actively partnering with a
number of external players, with
the aim of exploring and develop-
ing future commerce solutions, is a
fertile pursuit and can lead to inno-
vative products and processes that
benefit both partners.

For example, MasterCard’s Labs
as a Service group was launched to
create innovation partnerships with
key customers. Applying a consult-
ing approach, this team works with
partners to solve their own innova-
tion challenges, collaborating with
each client to design and build fully
customized solutions that have been
tailored to theirspecific needs. These
partnerships extend from traditional
financial institutions to leading play-
ers in sports and entertainment.

One method used to encourage
innovation partnerships employed
by the Labs as a Service team is the
use of the LaunchPad programme,
which is run in collaboration with
MasterCard customers. Joint teams
combining business, technical, and
design skills with product goals use
rapid prototyping and feedback to
generate new solutions quickly.

Anotherassetusedby MasterCard
is seen in its Start Path group, which
was established as a way to sup-
port start-ups that are building the
next generation of commerce solu-
tions today. By providing a blend
of customized operational support
and direct access across the com-
pany and to MasterCard’s custom-
ers, MasterCard collaborates with
these start-ups to help them scale
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successfully. This approach has been
used with over 90 start-ups that
cover a diverse range of solutions,
including logistics, authentication,
data, wearables, and even artificial
intelligence.

To augment its support of start-
ups, the company has made a small
number of strategic investments in
some of these start-ups. The goal
here is not merely to provide fund-
ing but, more importantly, to add
strategic value to the start-up. One
example that shows that security
and convenience in commerce can
be part of the same experience is
seen in the investment made in the
Canadian start-up Nymi. Nymi has
developed proprietary technology
that uses an individual’s unique car-
diac signature as a method of authen-
tication, delivered via a consumer
wearable. MasterCard committed
to helping Nymi bring its technol-
ogy to the real world by embedding
an NFC chip within their wearable
and completing the world’s first bio-
metrically authenticated wearable

contactless payment.

Partnering from within

Working with external partners is
only half of the innovation equa-
tion. Engaging across the entire
MasterCard organization is equally
critical. Building a culture of innova-
tionis a central part of the MasterCard
Labs mandate. The question is how to
enable employees to help shape the
future of their business.

In one example of innovative
thinking that is encouraged in a
particular company and has spill-
over effects, MasterCard has seen
a 10-fold increase in the number of
patents that have been filed by its

own employees since 2010.

Doing well by doing good
It is important to recognize that

diversity is also essential to achieving

radical innovation. To be truly
diverse, a company’s partners must
reflect diversity at all levels, including
different cultures, ages, genders, skill
sets, experiences, backgrounds, and
geographies. To ensure fresh think-
ing, MasterCard regularly changes
the composition of its project teams;
it also relies on virtual teams, so
that innovators are not restricted to
regions that happen to be the location
of the company headquarters. This
diversity avoids the situation where
everybody thinks along broadly sim-
ilar lines, coming up with the same
ideas and making the same mistakes.

With support from the Bill &
Melinda Gates Foundation, the Lab
for Financial Inclusion—launched
by MasterCard in 2015 in Nairobi,
Kenya—makes good use of diverse
resources. The goal was to find a
way to solve for the needs of a region
populated by millions of individuals
who are missing out on the techno-
logical revolution in financial ser-
vices and who have no way to access
everyday financial services.

The Lab is generating financial
inclusion solutions and fast-tracking
the best ideas from concept through
prototype, pilot, and eventually
commercialization.  Ultimately,
individuals trapped in a cash
economy will have practical, cost-
effective financial tools to open up
a world of inclusion and help them
build better, brighter futures.

Another solution to problems
confronted in places without finan-
cial services is called MasterCard
Aid. The Labs team was tasked with
evaluating the existing aid distribu-
tion process of non-governmental
organizations, and identified an
opportunity and a need for eliminat-
ing paper vouchers. These vouchers
are used like cash and can easily be
stolen or lost; moreover, it is often
difficult to accurately track the
flow of goods from merchants who

receive them. Over the course of
a week, the Labs team, along with
a number of MasterCard experts,
developed the MasterCard Aid pro-
totype, a points-based mobile as
point-of-sale solution accompanied
by a physical MasterCard.

Both of these examples demon-
strate the importance of solving the
everyday needs of those who have to
get by on just $2 to $3 per day. This
is not just about helping displace cash
with digital payments, this is also
about making people’s lives better
and safer.

Cool doesn'’t cut it

Innovation must be tangible and evi-
dent in the real world. Real, sustain-
able innovation cannot reside merely
in ideas of the next great thing but
instead must be anchored in real-
world business value that solves real-
world problems. Another saying in
Labs is ‘cool doesn’t cut it’. It is not
just about thinking about the next
great thing, but about anchoring that
thinking on the true business value
they bring by solving our own prob-
lems or needs. Real and sustainable
innovation is happening—everyday,

everywhere.

Suggestions for effective innovation
MasterCard’s journey has allowed
the company to develop a set of
suggestions for ways an organiza-
tion can innovate effectively. These
suggestions are relevant not only to
MasterCard but to any entity that
wants to stay relevant in the innova-
tion sphere.

First, it is vital to innovate from
within the organization and to
include a talent pool to bring in fresh
perspectives and new skills unen-
cumbered by traditional approaches.
Second, it is essential to encourage
experimentation instead of shying
away from it. This includes enabling




employees to not fear failure but
accept it, learn from it, and work
to find a better solution. Third, to
ensure that innovation is not limited
to thinking alone, it is important to
reward the execution of novel ideas.
Taking a concept and bringing it to
life in the real world is what makes
innovation more than fancy think-
ing. And finally, an organization
must be willing to actively seek out
external players that can provide
resources that complement and
accelerate its innovation path.

Notes
1 Evans, 2011.

2 PwC, 2012
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CHAPTER 8

The Management of Global Innovation: Business Expectations for 2020

Kai ENGEL, N1GEL P. ANDRADE, ERIK R. PETERSON, and MAURICIO ZUAZUA, A.T. Kearney

MaRrTIN RUPPERT, IMProve — European Innovation Management Academy

In order to assess the current per-
spective of executives on global
innovation management, in 2016
A.T. Kearney and its subsidiary
IMP’rove — European Innovation
Management Academy surveyed
more than 100 executives of large
international organizations from
the Americas, Europe, Asia, and
Australia. The sample comprises
executives representing manufac-
turing (19%); energy and process
industries (17%); consumer goods
and retail (15%); communications,
media, and high tech (14%); finan-
cial institutions (10%); automotive
(10%); and other industries (14%).
The survey focused on five key
themes:
 the future role of innovation
for their company,
 changes in the footprint of their
innovation activities,
 changes in the structure of their
innovation partner network,
* key challenges and benefits for
global innovation management,
and

¢ the role of public actors.

Key findings from the survey are
summarized in the adjacent box.

The survey results reveal a strong
call for action. More than half of
the respondents expect to lose more
than a fifth of their revenues within
five years as a result of disruptive
innovation if they do not change
the way they operate. Digitization,
the Internet of Things, and artificial

Key Findings

« Innovation is expected to transform
revenue generation:

» Sixty percent of respondents would
expect to lose more than 20% of their
company's revenues within five years
as a result of disruptive innovation
if they do not change the way they
currently operate.

» Eighty percent of executives expect
the revenue contribution from inno-
vation to increase or increase signifi-
cantly between today and 2020.

« Innovation will be increasingly global
and collaborative:

» Most companies work with external
partners on their innovation agenda.
Important innovation partners for
survey participants today include
customers (60% of respondents see
customers as having a high or very
high impact), large suppliers (40%),
and research institutes or academic
institutions (34%).

» The trend of leveraging innovation
partners is expected to increase with
a boost in the role of customers (78%
expect an increase or a significant
increase in impact), in the role of start-
ups and small suppliers (67%), and
in the role of research institutes or
academic institutions (45%).

More than seven out of ten partici-
pants agree or strongly agree that
their innovation activities are becom-
ing more global.

More than 80% of participants con-
sider five factors to be important for
choosing a country to incubate an
innovative, new business: proximity to
innovation partners, access to markets,
access to talent, supportive local regu-
lations, and sufficiently high quality
infrastructure (information and com-
munication technologies, transport).

« Most companies feel their innovation
platforms are not ready to fully navi-
gate this new landscape:

» The increasing size of innovation net-
works drives the need for excellence in
governance structure and processes.

» The majority of respondents rate their
capabilities to identify, select, build
and operate, and exit innovation part-
nerships as (very) poor or fair.

« From a policy maker’s perspective, the
specific capability gap and its implica-
tions will need to be addressed

» To date, four out of ten executives are
not aware of non-financial support
and incentive programmes. Moreover,
close to 50% report that unexpected
changesin national government regu-
lations have had a negative impact on
their innovation successes in the past.

—_
—_
~
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Figure 1: Expected revenue contribution through innovation vs. market expansion with existing products between now and 2020

Innovative products or services

Innovative processes

Launch of existing products, services,
or business models in new markets
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L

I Significantly decrease
Decrease

[ Remain constant

B Increase

B Significantly increase

0 20

Source: A.T. Kearney and IMProve — European Innovation Management Academy.
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Percent of participants

Note: The figure depicts responses to the query ‘How much will the revenue contribution from innovation increase or decrease between now and 2020?' ‘Innovation’ s defined as products, services, and business models that have been

introduced within the past three years.

intelligence are seen as challenges,
but also as sources of innovation.
Although survey participants
represent a broad range of com-
panies—including those that are
centralized and those that are decen-
tralized—the findings demonstrate
a surprisingly broad agreement that
innovation activities are becoming
increasingly global. The vision of
global innovation activities, where
the best-suited partner for any
specific innovation need—regard-
less of his or her location—can be
included in an innovation process
is promising, yet extremely chal-
lenging. Corporations will need to
determine how to find a partner
for a specific innovation topic if the
appropriate specialist may be located
far from global innovation hot spots,
and how to keep an overview of the
changing needs of global customers
or of potential start-up and small
business partners, the two groups
whose importance as innovation
partners is expected to grow most.
These challenges seemed impossible

to overcome before digitization
enabled companies to interact with
global customers on an individual
basis, and before small business
partners located in remote parts of
the world.

Public actors should take note:
An important share of participants
state that unexpected changes in
national regulations had a negative
impact on their innovation success.
This can be explained partly by the
fact that policy development cycles
are usually linked to election periods,
while product lifecycles or invest-
ment lifecycles may require much
longer time periods—for example,
utilities investing in innovative
power plants or pharmaceutical
companies investing in new medi-
cines require a longer planning time
frame for their innovation activities
than governments need to formulate
and implement policies about these
investments or products. Almost half
of the participants of our survey state
that unexpected changes in national
regulation had a negative impact on

their innovation success. This raises
the question of how policy makers
can systematically boost innovation
success by making their regulation

plans more transparent.

The increasingly central role of
innovation
Eighty percent of survey respon-
dents expect the revenue contribu-
tion from innovation to increase or
significantly increase between today
and 2020 (Figure 1)." And three
sources of innovation—products or
services innovation, process inno-
vation, and business model innova-
tion—are rated as equally important.
This expectation is almost on par
with the expected revenue growth
that will be achieved by launching
existing products, services, or busi-
ness models in new markets. Nearly
70% of participants expect that these
activities will make an almost equal
contribution to a rise in revenues as
innovation. Herein lies the over-
arching challenge: Executives will




Figure 2: The current and future impact of innovation partnerships

REVENUES
Innovation partnerships across countries
significantly contributed to
our revenues from innovation in the past year

Innovation partnerships across countries
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Source: A.T. Kearney and IMProve — European Innovation Management Academy.

20 40 60
Percent of participants

Note: The figure depicts responses to the query ‘How much do you agree or disagree with the following statements?’

need to speed up or increase their
innovation activities and foster their
impact in global markets.

Unless they change the way they
operate, 60% of respondents expect
to lose more than 20% of revenues
within five years as a result of disrup-
tive innovation. The top three indus-
tries with the highest expected impact
from disruptive innovation are finan-
cial institutions; communications,
media, and high tech; and automo-
tive. Major disruptions driving these
estimates include digitization and
the Internet of Things (which was
highlighted by survey respondents
across all industries), FinTechs (which
innovate in financial services enabled
by technology), artificial intelligence
(which was mentioned particularly
by respondents in the high-tech
industries), and electric driving
(which was highlighted by respon-
dents from the automotive industry).
The speed of disruption can be illus-
trated by considering FinTechs, as
one example in this group of game
changers: the five globally leading

FinTechs PayPal, Lufax, Zhong An,
Square, and Wirecard now readily
have twice the valuation of five lead-
ing German banks (Deutsche Bank,
Commerzbank, Aareal Bank, pbb,

and Comdirect).?

Changes in the reach and complexity of
innovation platforms

More than seven out of ten par-
ticipants agree or strongly agree
that their innovation activities are
becoming more global. In this
context, a more global innovation
activity can, for example, relate to
idea sourcing with a global com-
munity or collaboration on innova-
tion projects with a geographically
widespread team. This expectation
is shared by organizations regard-
less of whether their business is
centralized (with more than 75% of’
employees based in the company’s
headquarter country), decentralized
(fewer than 25% of employees are
based in the headquarter country),
or set up as a hybrid where 25% to

80

1

=]

0

75% of employees are based in the
headquarter country.

The survey also reveals that
a majority of respondents agrees
that innovation partnerships across
countries will significantly impact
revenues and global brand percep-
tion (Figure 2). Although fewer than
half of respondents agree that inno-
vation partnerships across countries
contributed significantly to rev-
enues from innovation in the past
year, three out of four expect that
these partnerships would contribute
significantly in the next five years.
Similarly, although fewer than half
of respondents observed that inno-
vation partnerships across countries
contributed to global brand percep-
tion, close to 70% agree when the
issue is considered in the five-year
context. The increasing role of digi-
tization and the Internet of Things
is an important factor in this regard.
For example, partnerships can con-
tribute to a major change towards a
more innovative brand perception,
higher differentiation, and higher
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Figure 3: Impact of various groups of innovation partners
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Note: The figure depicts responses to the query ‘How would you rate the impact of each of the following innovation partners?”

revenues of the product—as in the
case of a manufacturer of white
goods who collaborates with start-
ups to develop Internet-of-Things
applications such as the self-refilling
fridge.

Proximity to innovation part-
ners is one of the top five criteria
in choosing a country in which to
incubate an innovative new business
for more than 80% of participants.
Moreover, executives highlighted
access to markets, access to talent,
local regulations, and infrastructure
(both information and communica-
tion technologies and transport) as
key criteria. This is good news for
governments, because to attract
innovation, they can influence three
out of these five factors directly:
local regulations can be developed
in the short to medium term, and

both education and infrastructure
can be fostered in the medium to
long term. Moreover, as noted in
the report Fostering Innovation-Driven
Entrepreneurship, two among nine
leading European policy makers
readily highlighted efforts to con-
nect their innovation ecosystems
with globally leading hubs such as
Silicon Valley to unlock benefits of
proximity to globally leading inno-

vation partners.’

Changes in the structure of innovation
platforms

The extent to which partners are
being integrated into company
innovation activities is on the rise.
According to survey participants,
the most important innovation
partners today are customers (60%

of respondents see customers as
having a high impact or very high
impact), large suppliers (40%), and
research and academic institutions
(34%) (Figure 3a). Key expected
trends include a further increase in
the role of customers (78% of those
surveyed expect an increase or sig-
nificant increase in the impact of
customers as innovation partners),
in the role of start-ups and small
suppliers (67%), and in the role of
research and academic institutions
(45%) (Figure 3b).

The survey respondents not only
expect their innovation network to
change in structure over the next
several years, but they also expect it
to grow geographically: seven out
of ten participants expect to see an
increase of their innovation network
on the headquarter continent, and




four out of ten expect to see an
increase across all continents.

This expectation seems achiev-
able when considering the effect of
digitization on innovation manage-
ment: 20 years ago, a network of some
hundred innovation partners would
have been exceptional. In recent
years, however, new scales have been
reached. For instance, GE runs the
Ecomagination Challenge to identify
and select outstanding ideas and busi-
ness models to solve the world’s most
challenging problems. Within just
six months, GE built an online com-
munity of about 60,000 participants
located in 90 countries and crowd-

sourced more than 5,000 ideas.*

The central challenge: Immature
platforms and missed opportunities
Growing innovation networks
demand excellence in governance
structures and processes. Anchoring
global innovation as a topic that
chief executive officers endorse
and actively support throughout
the corporate hierarchy, along
with implementing processes that
institutionalize collaboration—for
example, by creating separate units
for investing into innovative ventures
or engaging in collaborative innova-
tion—are becoming prerequisites for
successfully managing global inno-
vation networks.> However, 57% of
participants rate their governance
structures and the processes they have
in place to manage and drive innova-
tion activities across geographies and
business units as fair, poor, or very
poor (Figure 4).

Consider IBM: In 1999, the
company realized that it had failed to
commercialize a number of promis-
ing technologies such as the com-
mercial router, which was developed
by IBM but became a commercial
success for Cisco. Analyzing rea-

sons for the failure helped IBM to

Figure 4: Governance structures and processes to oversee innovation activities across
geographies and business units: Respondents’ assessment

Source: AT. Kearney and IMP®rove — European Innovation Management Academy.

I Excellent
[ Very good
M Fair
W Poor
W Very poor

Note: The figure depicts responses to the query ‘How would you rate your governance structures and processes set up to oversee innovation activities holistically

(across geographies and business units)?’

identify major roadblocks. Incentives
rewarding execution were directed
at short-term impact; IBM was
focused on existing markets and
existing offerings; and there was a
perceived lack of established dis-
ciplines for selecting, experiment-
ing, funding, and terminating new
growth businesses, as well as a lack
of entrepreneurial leadership skills
to excel in execution. Realizing that
a specific governance and process
would be required to succeed, IBM
launched the Emerging Business
Organization (EBO). Since 2000,
EBO has generated more than $25
million in new revenues for [IBM.°
Over half of respondents are criti-
cal of their existing formal processes
intended to identify, select, build
and operate, and exit innovation
partnerships, and rate them as very
poor, poor, or fair. Time-consuming,
cumbersome, and costly processes can
become a hurdle before a potential
innovation partnership even begins.
Respondents also cite a lack of flex-
ibility when it comes to working with
smaller companies or start-ups. Only

five out of ten participants adapt their
processes for small or start-up part-
ners (Figure 5).

In our work as Knowledge
Partners of the World Economic
Forum on the report Collaborative
Innovation, we found that challenges
and suggested response strategies for
firms can be grouped into three lay-
ers—Prepare, Partner, and Pioneer.”
The report summarizes the idea that
often the most significant challenge
and the greatest positive impact
springs from how well firms prepare
to collaborate: This implies having
well-defined objectives, a carefully
designed business case, and suitable
organizational processes. A sup-
portive culture and links to relevant
networks are important predictors of
success. Moreover, the report stresses
the importance of tailored processes
for collaborations between large and
small partners. In one example of
this approach, to ease the procure-
ment process with smaller partners,
Royal Dutch Shell has simplified its
governance of collaborations. The
company has decentralized decision
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Figure 5: Formal phases of innovation partnerships: Respondents’ assessment of capabilities
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Note: The figure depicts responses to the query ‘How would you rate your formal processes for the following phases of innovation partnerships?’

making and changed procedural

requirements.”

The role of public actors

In terms of the role of public actors,
eight out of each ten respondents are
aware of public innovation support
programmes providing financial
resources for innovation. However,
more than 40% of respondents are
not aware of programmes provid-
ing non-financial support (includ-
ing co-creation support services)
or demand-oriented programmes
such as preferential purchasing pro-
grammes or regulatory measures in
building codes, automobile emis-
sions, or energy generation. There
seem to be untapped opportunities
in light of the finding that compa-
nies consider an increasingly global
and collaborative management of
innovation as a challenge for their
current governance structures and
processes. Governments can make a

difference with specific programmes

for capability-building and ecosys-
tem development.’

Forty-six percent of participants
report that unexpected changes in
national government regulations
have had a negative impact on inno-
vation. This is particularly evident in
industries with long planning hori-
zons, such as the utilities industry.
The German utilities industry, for
example, invested heavily in modern
gas and nuclear power plants, lever-
aging what were then the newest
power plant technologies. However,
changing government regulation
favouring renewable and distrib-
uted energy generation had a severe
impact on the business cases for these
power plants and made the return on
this investment unfavourable.

Recommendations by innovation leaders
for how to excel in global innovation
management

The following quotes are recom-
mendations from innovation leaders
about how to successfully master

100

a corporation’s global innovation
agenda:

« Strategy: ‘A clear focus on
search fields for innovation is
imperative’. To get their inno-
vation strategies right, lead-
ing innovators invest upfront in
understanding market dynamics,
technology dynamics, and ser-
vice dynamics. They are invest-
ing time more than money.
Once they have their innova-
tion strategy right—not just on
paper but in the minds of all
their influential internal decision
makers—they begin collecting
ideas with potential into a ‘port-
folio of search fields’, which subse-
quently becomes the wellhead of

the innovation flow."

e Clear measures that have buy-
in from the leadership: ‘Insu-
late key performance indica-
tors for innovation from the
existing business’. In order to
measure progress in the search
fields of the innovation strategy,




innovation leaders set innova-
tion-specific key performance
indicators. These indicators are
distinct from the company’s
other key performance indica-
tors and measures. It is remark-
able how easily many execu-
tives talk about key-performance
indicators for their innovation
strategy—for example, the ‘new
product vitality index’ (the share
of innovative products, services,
or business models compared
to overall revenues), or time to

market and time to profit.

Worldwide consistent inno-
vation processes: ‘Consistent
innovation processes across
all our BUs and geographies
make sure we can integrate
and work with innovation
partners from all over the
world’. Structured processes
help to identity, select, operate,
and, when necessary, withdraw
from partnerships; independent
from which business units or

geographies are involved.

Culture that empowers
employees: “We nourish free-
dom of thought and freedom
of action in order to spark
creativity’. The fairly consistent
result is innovation and a spark-

ing new business.

Digital infrastructure pulls
down geographic barriers:
‘Digital infrastructure helps
to decrease transaction costs
between partners’. It provides
transparency around needs and
capabilities and enables a com-
pletely new scale of interaction.

Observe regulatory conditions
and screen impending changes:
‘Consistency in regulation is
critical’. In some countries dis-

parities exist everywhere, making

it hard to launch products and

services on a national basis.

Conclusions
This study of more than 100 execu-
tives globally reveals a dichotomy:
Although innovation is expected
to drive revenue growth and brand
perception across industries in the
short term, challenges remain in
building the capacity to harness it.
In order to benefit fully from
this evolving central role of innova-
tion, its management must become
more and more global. Furthermore,
customer-driven innovation and
innovation in collaboration with
start-ups, and with small and
medium-sized enterprises as part-
ners, represent the largest potential,
but they also represent another
important challenge: Many execu-
tives rate their own capacity to inte-
grate potential innovation partners
globally into their process as very
poor, poor, or fair. Organizations
that systematically harness partner
ecosystems for innovation, building
on disruptive procurement methods
and sustainable partner relation-
ships," will be best prepared to cap-
ture the next wave of innovation:
A recent study showed that better
innovation management practices
are linked to higher shares of EBIT

driven by innovation."”

Notes

1 The definition of ‘innovation’ used here
involves a dimension of time: for the
purposes of the survey, innovation'’ is
understood to mean products, services, or
business models introduced in the past three
years.

2 Klemm and Walter, 2016.

3 World Economic Forum, 2014.
4 King and Lakhani, 2013.

5 World Economic Forum, 2013.
6  OReilly et al,, 2009.

7 World Economic Forum, 2014.

8  World Economic Forum, 2015.

9  See the analysis ‘Empower, Educate and
Enable: A Vision, Actions and Measurements
for Policies to Address Collaborative
Innovation Challenges’ in the World
Economic Forum 2015 report Collaborative
Innovation, World Economic Forum, 2015.

10 Engeletal, 2015.
11 Schuhetal, 2016.

12 IMP’rove - European Innovation
Management Academy, 2016.
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CHAPTER 9

Global Corporate R&D to and from Emerging Economies

Max voN ZebTwiTz, GLORAD Center for Global R&D and Innovation, Kaunas University of Technology, Lithuania

OLIVER GASSMANN, University of St. Gallen, Switzerland

The re-emergence of China, India,
and other formerly small economies
as large markets and manufacturing
powers has been one of the most
significant events of the beginning
of the 21st century. Well into the
late 1990s, these countries played,
at best, a peripheral role in global
research and development (R&D)

and innovation.

Expanding R&D into emerging economies
During the restructuring of indus-
tries in the wake of the rise and
reshuffling of the new economy in
the early 2000s, multinational cor-
porations (MNCs) started to move
R&D resources to countries with
fast-developing markets or countries
that at least promised future market
growth, and to countries that offered
low-cost access to exceptional tal-
ent and technology. China fit this
bill perfectly, but also India, Brazil,
the Russian Federation (Russia),
and other countries—many along
the Asia Pacific rim or in Latin
America—attracted R&D invest-
ment from MNCs headquartered
in the ‘Triad’ countries: those in
Western Europe, North America
(the United States of America and
Canada), and Japan (Figure 1). Data
from the R&D Locations database
reveal that, between 2000 and 2015,
the number of MNC R&D centres
in emerging countries grew by a fac-
tor of five, while in the Triad coun-
tries this number merely doubled.'

These new R&D centres were
part of a strategy for MNCs to
expand their global R&D footprint
to connect to local markets and local
talent. Their hosts provided easy-
to-follow rationales for corporate
executives to shift R&D investments
abroad. For example, the BRIC
countries (Brazil, Russia, India, and
China) had a total of 18 universi-
ties in the ranking of the global 500
universities in 2003, but this grew to
40 universities in the 2015 ranking;
of these, eight alone ranked among
the top 200.> Chinese universities
produced 7.5 million graduates
in 2015, up from just 1 million in
2000.> Between 2000 and 2015 the
number of domestic invention pat-
ent applications in China grew by
a factor of 38—from about 25,300
to more than 968,000 applications
per year.!

MNCs were not just moving to
countries with low costs for doing
R&D. They also used this opportu-
nity to modernize their global R&D
profile. The new R&D centres were
housed in state-of-the-art facilities,
employed the best and brightest of
a young and ambitious generation,
and focused on new technologies and
applications that were possible only
in markets with low or no switch-
ing costs. These centres developed
unique sets of capabilities that gave
their often larger, more established,
and much more experienced cousins

at home a run for their money.

Enter emerging market MNCs

The improvement of national sci-
ence and technology systems was
primarily targeted at making domes-
tic companies more competitive,
although foreign MINCs benefitted
from better infrastructure and bet-
ter-educated R&D employees. Local
companies that initially benefitted
from protected markets and prefer-
ential access to low-cost resources
transformed themselves into inno-
vative high-tech MNCs themselves:
Examples are Huawei and TCL in
China, Infosys and Tata in India,
Embraer in Brazil, and Kaspersky
Labs in Russia. As these companies
have entered international markets
themselves, they have established
local R&D posts and R&D centres
in target countries or—especially
in the case of cash-rich Chinese
firms—acquired competitors and
integrated attractive technology
resources. Huawei, for instance,
set up its first international R&D
office in Moscow as early as 1997.
In 2015, Huawei had 16 global R&D
centres outside China alone, and a
total of 23 such centres worldwide.
According to the R&D Locations
database, Chinese companies had
the 7th largest foreign footprint of
all countries with 178 R&D centres
set up or acquired outside China
by the end of 2015.> Table 1 shows
the origin (‘Source countries’) and
targets (‘Target countries’) of all the
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Figure 1: Global map of cross-border R&D centres

Source: R&D Locations database, accessed 5 March 2016; see http://www.glorad.org and von Zedtwitz and Gassmann, 2002

Note: The figure shows a total of 5,877 cross-border R&D centres.

MNC centres in the R&D Locations
database.’

Initially, these emerging market
MNC (EMNC) R&D centres were
focused on hiring overseas expatri-
ates (e.g., Chinese graduates from
US engineering programmes, a
strategy that hurt local firms as much
as it benefitted Chinese MNCs);
they also emphasized ensuring a
smooth transfer of technology from
local competitors, universities, or
acquisitions back home. In the
meantime, many EMNCs estab-
lished R&D centres to demonstrate
innovation leadership, to attract the
best people regardless of origin or
ethnicity, and to steer global markets
with products and technology from
their home countries. The share of
MNCs from countries outside the
Triad rose from 29 in 2000 to 156
in 2015, with 98 alone coming from
China.” And although the value of
domestic patents in emerging coun-
tries is often debated, EMNCs have

dramatically increased their share
of global patent cooperation treaty
(PCT) patents from 4.3% in 2000
to 21.5% in 2014. In 2005 only six
EMNCs were among the top-100
PCT filers; there were 11 EMNCs
in this group in 2015. It is mostly
a China story, though, with seven
of these top-100 PCT filers coming
from China, two of them in the top
10: Huawei in the first spot and ZTE
in the third, with 3,898 and 2,155
patent applications, respectively.®
Armed with indigenously devel-
oped technology, these firms not
only are equal partners in technol-
ogy standardization decisions, they
very often determine the direction
of future technology standards in
industries they now lead.

Patterns in global R&D evolution

The emergence of high-technology
EMNCs from developing coun-
tries provides the opportunity to

reassess the applicability, and value,
of global strategy and innovation
theory that was established on the
basis of observing the behaviour and
motivation of firms from developed
countries only. For instance, does
globalization help or hinder the
internationalization of R&D and
innovation? Given more transparent
borders, more pervasive traveling,
and more efficient information and
communication technologies, is it
easier to attract global R&D capa-
bility to a firm’s home base than to
expand an R&D network overseas?
What exactly do EMNCs do?

The factor conditions of emerg-
ing markets still differ markedly
from those experienced by the Triad
countries during their foray into
global R&D and innovation in the
1980s and 1990s, and national policy
makers are applying the lessons that
MNC:s from those advanced markets
have learned over the years. Many
of their largest firms—EMNC:s that




Table 1: Number of cross-border R&D centre establishments by source and target

countries, 2016

Target countries

Triad

BRIC Rest of World

" Triad 3,131
g &
E ‘%’ BRIC 192
- Rest of World 146

1332 1,235
23 66
86 44

Source: R&D Locations database, http://www.glorad.org, accessed 5 March 2016.

Note: The Triad includes Japan, Western Europe, the USA, and Canada.

are easily inside the global top 100
by revenue or market value—are
still surprisingly domestic, not just
in R&D. They are in good com-
pany: Many if not most companies
in advanced markets have no global
R&D either, and they run all of their
product development and innova-
tion activities from their corporate
centre—which is usually in their
home country. In fact, this is the
de facto configuration for most
companies when they start up, and
most maintain this centralized R&D
organization as a small and medium-
sized enterprise even as they start
distributing products internation-
ally. A dominant market or tech-
nology position (e.g., Microsoft in
the 1980s) allows these firms to
concentrate R&D and innovation in
their home country, where it can be
controlled better for effectiveness,
costs, and ownership. This is called
the ‘ethnocentric centralized con-
figuration of R&D’, also known as
the ‘do-alone’ setup (see Figure 2 for
an illustration of the five configura-
tions discussed in the text).

As companies further inter-
nationalize their horizons by
expanding into new markets and
new product offerings—that is, as
they make strategic decisions about
which technologies to pursue on
their own and which ones to buy—
they employ the support of special-
ized technology providers. They
engage outwards, reaching out to

universities and research laboratories
for upstream R&D, and to lead-users
and local joint venture partners for
product development. Their R&D
may still be very much centralized
in just one location, but they coop-
erate across both geographical and
industry borders to drive internal
innovation. This is the geocen-
tric centralized model, the ‘open
model’ of innovation, a natural
first step towards internationalized
innovation for many companies. It
is also the typical course of action
for many local manufacturers in
China and India that are trying
to become product suppliers to
global customers. Once they have
established themselves as preferred
original equipment manufacturing
partners, they accumulate in-house
R&D expertise, climb the value
chain, and become original design
manufacturing suppliers to overseas
sellers, innovating at home, from an
emerging economy, in cooperation
with global brand leaders for the
benefit of customers worldwide.
Once local markets become siz-
able for an MNC, its local market
units start to support sales with local
R&D tasked with product localiza-
tion, product adaptation, and local
product development. Corporate
R&D sometimes confers local mar-
ket scanning and technology intel-
ligence roles onto such small R&D
outposts. These local R&D units are
specialized in focus and function,

and they depend on the home-
based R&D centre’s technological
guidance. Previously centralized
R&D configurations, either of the
do-alone or the open-collaboration
type, thus expand their international
reach. In sectors dominated by the
efficient use of technology platforms
(such as the automotive industry),
this R&D hub model of global
R&D is usually the optimal setup.
Centrally coordinated R&D plans
are executed with the support of
local R&D units in different markets
and countries. MNCs from coun-
tries with strong national cultures
influencing global organization also
tend to fall into this hub category.
In some MNCs the market ori-
entation is so strong that all local
activities and accountabilities are
managed at the local level, with only
financial functions reporting to the
far-away parent holding company.
Local R&D units develop products
serving local customers, without
much input from or coordination
with R&D centres in the parent
MNC’s headquarters. These market-
focused companies tend to compete
on market proximity, service, and
customer understanding rather than
cutting-edge technology, which
offers little room for differentia-
tion. If technologies have matured
globally, these local R&D centres
develop their own R&D plans and
product roadmaps. This form of
running international R&D is the
polycentric decentralized or ‘multi-
node’ R&D organization. It is the
perfect form for highly market-ori-
ented companies in technologically
mature environments with little
need of global R&D coordination.
Some MNCs also arrive at a
multi-node R&D configuration
by virtue of mergers and acquisi-
tions. This is especially the case for
many Chinese firms searching for
technology assets in industrialized

9: Global Corporate R&D to and from Emerging Economies

THE GLOBAL INNOVATION INDEX 2016



9: Global Corporate R&D to and from Emerging Economies

THE GLOBAL INNOVATION INDEX 2016

Figure 2: Global R&D organization of MNCs: Five typical configurations and how they evolve over time
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Note: Each of the five configurations represents a typical way that MNCs organize global R&D around a headquarter R&D centre (solid white circles), subsidiary R&D units and foreign R&D partners (solid white boxes). The small white arrows
denote the interaction within the R&D organization, and the large orange arrows represent the drivers and directions of the evolution of those configurations.

countries, but is certainly not lim-
ited to EMNC:s. Once acquired, the
future for the local R&D centre is
uncertain and depends on the capa-
bilities and competence of the R&D
network of the acquiring company.
Whether it is the external impetus
of an acquisition and local mission
redefinition or the internal realiza-
tion of the potential for cost reduc-
tion and rationalization, MNCs are
always tempted to rebalance a poorly
coordinated multi-node R&D orga-
nization by either consolidating
R&D resources into specific market

or technology-facing units—that is,
centralizing command and control
back to a hub configuration—or by
swapping R&D resources and plans
such that the R&D units comple-
ment each other more harmoniously,
with each R&D centre contributing
a unique and significant value-added
to the overall innovation effort,
forming what is called an ‘integrated
R&D network’.

The integrated R&D network
often appears as the holy grail of
global R&D organization: Each

centre is a centre-of-excellence in

its own right, and innovation results
from the global interaction of con-
tributors in these centres under the
leadership of a programme leader
serving the global needs of the com-
pany in multiple markets simultane-
ously. Many pharmaceutical MNCs
tend to fall in this category, as do
many telecommunication compa-
nies: These are industries character-
ized by global products with high
rates of innovation. But maintain-
ing such a highly dispersed and
coordinated network is not cheap,
and MNCs with integrated R&D




networks will try to reduce man-
agement complexity by eliminating
unnecessary R&D units when they
can, selling or even closing them, to
bring down the costs of the overall
innovation effort. If they centralize
into overseas R&D centres, their
R&D internationalization may also
go up rather than down, especially
if domestic R&D is relatively expen-
sive, as is the case for many advanced
market MNCs.

Managing global R&D is more
than just managing an international
R&D footprint or coordinating
foreign R&D teams—it is about
managing the flow of innovation
regardless of corporate allegiances
and ownership, and appropriating
the benefits irrespective of head-
quarter locations. No single form
stands out as ‘the best and only’ way
to do global R&D.” There is no
‘one size fits all’, and MNCs must
choose carefully how to manage
global innovation processes given
their unique histories, provenance,
and technological and competitive

environments.

Global R&D and innovation: Recent
trends and national policy

Two types of innovation have gained
in popularity in the context of
emerging markets: frugal innovation
and reverse innovation. In frugal
innovation, products are designed
such that nonessential features are
removed, product complexity is
reduced, and manufacturing labour
and material costs are minimized."
Although frugal innovation is by
no means limited to specific geog-
raphies, it rose to prominence in
India under the term ‘Jugaad’ or
‘Gandhian’ innovation; ‘bottom-
of-the-pyramid’ and ‘blow-back
innovation’ are also close synonyms.
Of course, eliminating complexity
and reducing cost in products are

two major goals in R&D anywhere,
and advanced market MNCs have
long used the terms ‘product defea-
turing’ or ‘product localization’ to
characterize their product develop-
ment approach to emerging markets.
For innovators in developing coun-
tries, however, frugal innovation is
often not a choice but a necessity.
Unconstrained by global product
plans or regulations, they bring their
intimate market understanding to
bear in developing perfectly suited
‘good enough’ solutions. Advanced
market MNCs are trying to absorb
these qualities in their own inno-
vation efforts through local R&D
centres in emerging countries, train-
ing R&D engineers in their more
expensive bases elsewhere in the
secrets of frugal innovation.
Whereas a frugal innovation may
never leave its country of origin,
a reverse innovation—by defini-
tion— must be introduced to an
industrialized advanced country at
some point.'" Reverse innovations
can be based on frugal innova-
tion but do not have to be; some
reverse innovations are actually
very sophisticated and expensive
offerings. Transferring an innova-
tion from a developing country to an
advanced one is not as trivial as one
might expect, as customers in tar-
get markets may reject innovations
from developing countries because
they perceive them to be of lower
quality, and even local management
in advanced markets may fear that
innovations from abroad cannibalize
their own home-grown and often
more expensive products. Crucial for
the success of such a reverse innova-
tion, especially if it originates from a
local frugal innovation, is thus either
the definition of a new product
category—for example, one based
on cost-effectiveness and different
functionalities—or an entirely new
business model. MNCs with global

R&D centres have the opportunity
to get involved in reverse innova-
tion much earlier than MNCs that
keep R&D at home. MNCs with
globally integrated R&D networks
do not wait for an innovation to
be launched first in a developing
country before it is transferred to
an advanced one—they already
conduct some if not all of the R&D,
including design and discovery, in
the developing country’s R&D cen-
tre with a global launch in mind.
This requires coordination between
R&D centres and product manage-
ment elsewhere.

Both of these recent types of
innovation challenge the common
assumption that who conducts the
R&D is not as important as own-
ing the result. Outsourcing R&D
to third parties and purchasing
technology ‘as required’ provides
no competitive advantage over oth-
ers. For global firms—from either
advanced or emerging countries—it
is important to be able to read local
markets and to understand local
innovations intimately and incorpo-
rate them as effectively as possible (as
in the case of frugal innovation) and
then leverage them globally as effi-
ciently as possible (as in the case of
reverse innovation). Managing that
global flow of innovation is one of
the key competencies of long-lasting
multinationals that repeatedly and
continuously balance the benefits of
being global and local at the same
time. This process does not come
without glitches and mistakes, but
successful MNCs are able to learn
and respond quickly. They adapt
their global R&D organization to
run transnational innovation flows
smoothly, finding ‘the right form’
in the context of their own cor-
porate culture and in response to
long-term changes in the business

environment.
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One understandable temptation
for MNCs is to try to measure the
impact of their global innovation
activities for the purposes of better
supervision and management; every
meaningful effort to bring more
clarity into this managerial and
organizational conundrum should
be supported. However, even aca-
demic circles concede that it is next
to impossible to capture even local
innovation fully, let alone innova-
tion that is dispersed geographically
(with all the various local legal chal-
lenges); furthermore, local innova-
tion is also dispersed across different
subsidiaries, often in collaboration
with local research institutes or joint
venture partners. This lack of trans-
parency undermines the trust that is
required for true win-win partner-
ships between local and global inno-
vators, and forces them to focus on
quick wins and tangible results. The
data show that international R&D
is much more short-term oriented
than home-based R&D, which is
where most of the strategic long-
term research is still taking place.

National policy can reasonably
influence only what happens at
local subsidiaries of MINCs, within
a nation’s territorial borders. For
the most part, national S&T policy
has favoured and supported foreign
MNCs to invest in local R&D,
expecting positive spillovers such as
inbound technology transfer, greater
local patenting output, a more highly
skilled labour force, and ultimately a
better quality of life through better
products and technology. But with
MNCs increasing their skills in
managing global innovation flows,
products that are developed locally
and supported financially through
a nation’s fiscal subsidies may now
benefit customers in other countries
as well. This is, of course, not a bad
thing, and various transfer pricing
schemes are in place to soften the

effects. But ultimately the local pres-
ence of MINC:s rests on their ability
to exploit just that: to source innova-
tion locally and to apply it globally.

Although national policy favours
inbound innovation flows, they may
be less supportive of such outbound
reverse innovations.”” China’s Going
Out policy (Zouchiqi Zhanlie) has
supported China’s rise as a major
source of foreign direct investment,
and is in no small part responsible
for China’s global R&D footprint
as well.” The primary idea is to
improve the global competitiveness
of Chinese MNCs and to advance
technological capability in China.
Policy makers have every incen-
tive to support inbound innovation
flows and to improve quality of life
at home in the process. Dissipation
of innovations to other countries is
not the primary goal of governments
seeking to enhance the standing of
their domestic industry. The most
experienced MNCs, however, have
learned that they gain the most when
innovation flows in both directions,
when subsidiaries and headquarters
complement each other, and when
the creative effort of one team in one
location—whether in a developing
country or an advanced one—can
support the development of a market
opportunity somewhere else. Global
R&D and innovation by private
MNCs is thus a natural counterbal-
ance to the more particular, locally
optimizing ambitions of national
policy.

To expand pervasive win-win
scenarios for innovation, developing
global innovation partnerships across
countries must not be confined to
only a few MNCs: Entire countries
and their innovation ecosystems
must collaborate and facilitate inno-
vation flows not only within but
also across national boundaries. The
European Framework programmes
are indicating the direction that

such multilateral R&D collabora-
tions could take (the same-spirited
initiatives in China and the USA
are also encouraging). After all, the
most pressing global problems—
such as environmental pollution,
population migration, and economic
imbalance—will be solved only if
countries and companies find ways
to cooperate and develop innovative

solutions together.

Notes

1 As per the R&D Locations database hosted
at the GLORAD Center for Global R&D and
Innovation; see http://www.glorad.org.

2 ARWU, 2015.

3 National Bureau of Statistics of China,
accessed 5 March 2016.

4 SIPO, 2015; accessed 5 March 2016. See also
Haour and von Zedtwitz, 2016.

5 As per the R&D Locations database hosted
at the GLORAD Center for Global R&D and
Innovation; see http://www.glorad.org.

6  Foran early study on cross-border R&D flows
involving developing countries, see von
Zedtwitz, 2006.

7 See the Fortune 500 Ranking, available at
http://www.fortune.com/global500.

8 WIPO, 2015; accessed 5 March 2016.

9  See Boutellier et al., 2008, for a rich
compendium of 22 case studies of both
advanced and emerging market MNC R&D
organizations.

10  Zeschky et al, 2014.

11 Examples of research on reverse innovation
include Zeschky et al., 2014; von Zedtwitz et
al, 2015; and Haour and von Zedtwitz, 2016.

12 National policy makers too often
overestimate the attraction of tax advantages,
but the main drivers for internationalization
are markets and resources. Markets cannot
be changed that easily—even the most
conservative Keynesian has to admit this—
but supplying resources in the right quality
and quantity is the biggest playing ground
for policy makers. This means investing
in cutting-edge education, developing a
strong research university, and supporting an
intellectual property regime that encourages
win-win technology spillover to industry. This
allows innovation ecosystems to arise, which
in turn attract the best R&D labs from abroad.




13 China’s Going Out policy has recently been
updated by its Belt and Road Initiative,
which also calls for greater international
R&D collaboration with countries in Central
Asia, Africa, and Europe; see http://english.
gov.cn/archive/publications/2015/03/30/
content_281475080249035.htm.
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CHAPTER 10

From Research to Innovation to Enterprise: The Case of Singapore

Lim CHuaN PoH, Agency for Science, Technology and Research (A*STAR), Singapore

In just 50 years, Singapore has
transformed itself from a developing
economy with few natural resources
to a thriving global metropolis. Its
gross domestic product (GDP) per
capita has risen from US$516 in 1965
to US$52,888 in 2015." In 2015,
Singapore celebrated its Golden
Jubilee and the nation came together
to reflect on how far the country had
come and to envision the future.
This chapter aims to shed light on a
critical element of Singapore’s suc-
cess story: the country’s investments
in research and innovation.

Singapore’s research and development
journey

Since Singapore’s independence in
1965, the government understood
that it had to develop science and
technology (S&T) capabilities to
overcome the constraints of the
country’s limited size and lack of
natural resources in order to ensure
its economic survival. In 1966, the
late founding Prime Minister Lee
Kuan Yew said at the opening of the
Science Tower in the University of
Singapore, ‘our population ... is the
one thing we have which makes up
for our lack of size and numbers, and
it is of the utmost importance that, in
the field of science and technology,
we should lead the field in this part
of the world.”” Singapore made early
efforts to build research and devel-
opment (R&D) capabilities, such as
those under the Singapore Institute

Figure 1: Singapore’s public R&D budget, 1991 to 2020
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Source: National Research Foundation, RIE2020 Plan, available at http://www.nrf.gov.sg/research/rie2020.

of Standards and Industrial Research
(SISIR) formed in 1969. However,
the economy was still predomi-
nantly capital- and skills-intensive
before the 1990s.

with the establish-
ment of the National Science and
Technology Board (NSTB) in 1990
and the launch of the first five-year
National Technology Plan in 1991

that the government began to invest

It was

in R&D in a significant and struc-
tured way (Figure 1). These devel-
opments followed the 1986 report

by a national Economic Review
Comumittee, set up after Singapore’s
first major recession in 1985. That
report recommended that Singapore
move up the economic value chain,
away from low-cost competition
in traditional manufacturing and
services to develop new high-tech-
nology clusters and activities. Over
the next 25 years, four more national
S&T plans were implemented to
position Singapore as an innovation-
driven, knowledge-based economy.
The S$19 billion Research, Innovation
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Figure 2: Gross expenditure on R&D, 1990 to 2014
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Source: National R&D Survey of Singapore 2014.

and Enterprise 2020 Plan (RIE2020)
is the country’s sixth five-year
plan; announced by Singapore’s
Prime Minister Lee Hsien Loong in
January 2016, it represents a nearly
10-fold increase in the public R&D
budget over the S$2 billion National
Technology Plan of 1991.

With strong government com-
mitment to R&D and a steady stream
of public funding, a rich and diverse
research ecosystem has been built
up in Singapore over the past two
and a half decades. This ecosystem
includes the research institutes of the
Agency for Science, Technology and
Research (A*STAR), which focus
on mission-oriented research for
economic impact; research-inten-
sive universities that concentrate on
academic research to develop a base
of fundamental knowledge; and aca-
demic medical centres and hospitals
that focus on translational and clini-

cal research, as well as corporate labs.

2002
2003

2004
2005
2006
2007
2008
2009

Singapore has also launched
major infrastructural initiatives to
strengthenitsresearchandinnovation
system. The one-north masterplan
was conceived in 2001 to catalyse
the growth of research-intensive
hubs in the biomedical sciences and
the physical sciences and engineer-
ing (in Biopolis and Fusionopolis,
respectively),” where researchers
from the public and private sectors
could co-locate. In October 2015,
with the completion of the state-
of-the-art facilities at Fusionopolis
Two, the one-north vision reached
a meaningful milestone as a vibrant
and dynamic hub: home to over 250
companies, 600 start-ups, 16 public
research institutes, five corporate
universities and institutes of higher
learning comprising an internation-
ally diverse community of 16,000
scientists, researchers, and innova-
tors coming from both the public
and private sectors. It is therefore
heartening to note that Thomson

Reuters has ranked A*STAR as
one of the world’s Top 25 Global
Innovators (Government) at the 9th

position.*

An outcomes-driven and phased approach

Singapore has taken a steady and sus-
tained approach to funding R&D asa
critical pillar of Singapore’s economic
development strategy (Figure 2).
The R&D budget has
increased from S$2 billion under the

public

1991 five-year National Technology
Plan to S$19 billion under the
recently announced RIE2020 Plan.
Annual public expenditure on R&D
(PUBERD) reached S$3.3 billion in
2014, a compound annual growth
rate (CAGR) of 11.1% over the past
nearly two and a half decades (1990
to 2014). Correspondingly, annual
business expenditure on R&D has
grown at a CAGR of 12.5% over
the same period, from $0.3 billion
in 1990 to $5.2 billion in 2014, the
highest level yet.

The development of Singapore’s
research and innovation system has
been different from that of many
other successful research-intensive
countries around the world. Unlike
the research and innovation systems
of countries such as Switzerland
and Germany, which grew organi-
cally out of centuries-old research-
intensive universities or industries,
Singapore’s R&D push was predom-
inantly a directed, government-led
effort to upgrade and strengthen
the competitiveness of the domestic
economy. In other words, Singapore’s
R&D journey was rooted in a need
for economic competitiveness and
growth. Today its research and inno-
vation policies continue to heavily
emphasize economic outcomes and
impact. Given the many competing
needs for resources, Singapore also
had to adopt a pragmatic, phased
approach to its R&D initiative.




The launch of its
Technology Plan in 1991 provided

National

the framework for establishing
Singapore’s science and engineering
research institutes over the follow-
ing 10 years. A key feature of these
institutes was their purpose: they
were set up to serve Singapore’s
manufacturing sectors, mainly elec-
tronics, engineering, and chemi-
cals. By 2001 Singapore saw that
the biomedical sciences presented
tremendous growth potential. It
started the Biomedical Sciences
(BMS) Initiative to establish bio-
medical sciences as the fourth pil-
lar of the manufacturing economy,
alongside electronics, engineering,
and chemicals. Between 2001 and
2005, Singapore put into place the
key building blocks that would
establish core scientific biomedical
capabilities and attract the talent
needed for the endeavour. In its
second phase (2006-10), the BMS
Initiative focused on strengthening
biomedical science capabilities to
bring scientific discoveries from the
laboratory bench to the bedside, to
improve human health and health-
care delivery, and to bring benefits
to the economy and society.

From 2004 to 2006, concurrent
with the launch of the second phase
of the BMS Initiative, two succes-
sive reviews were conducted with
the aim of transforming Singapore’s
public universities into autonomous
and research-intensive institutions
to enable them to respond to the
increasingly competitive global aca-
demic landscape and become world-
This

review led to a significant increase in

class research universities.

funding for academic research, the
setting up of an Academic Research
Council, and the establishment of
the Research Centres of Excellence
(RCEs). Five RCEs were established
within Singapore’s two largest uni-
versities>—the National University

of Singapore (NUS) and the
Nanyang Technological University
(NTU)—to

academic investigators, train high-

attract world-class
quality research talent, and create
new knowledge in the specific areas
of each centre. In the process, the
international standing of Singapore’s
universities rose significantly. In the
2016 Times Higher Education global
university rankings, NUS was
ranked 26th and NTU 55th, up
from their respective positions 34th
and 174th only five years before.’
In 2006, with a rapidly growing
and diversifying research landscape,
Singapore recognized the need
for high-level coordination and
strategizing of the research efforts.
This led to the establishment of the
Research, Innovation and Enterprise
Council, chaired by the Prime
Minister and comprising interna-
tional and local members, to steer
the overall direction of the strategy.
The National Research Foundation
was established at the same time to
plan, coordinate, and monitor the

execution of the strategy.

From research to innovation to enterprise
(R-1-E)

In 2010, in the aftermath of the
global financial crisis, Singapore
undertook another review of its eco-
nomic strategies to position itself for
the new post-crisis environment and
to achieve sustained and inclusive
growth. Among other things, that
review recommended strengthening
its emphasis on business innovation
and the commercialization of R&D,
including creating customized plat-
forms to facilitate the integration of
the capabilities of research institu-
tions, companies, and public-sector
agencies to deliver innovative solu-
tions. This approach gave rise to the
pivotal articulation of Singapore’s
R&D framework—one that is based

on open innovation—from research
to innovation to enterprise.

The fifth national R&D plan—
the Research, Innovation and
Enterprise 2015 Plan (RIE2015)
(2011-15)—-espoused, for the first
time, differentiated open innova-
tion strategies targeted at the differ-
ent enterprise segments that make
up Singapore’s economy. Singapore
recognized then that its research
ecosystem had progressed to another
level of maturity, and a pipeline of
promising research outputs had
the potential to yield benefits. By
recognizing that multinational
corporations (MNCs), large local
companies, small and medium-
sized enterprises (SMEs), and start-
ups each have different needs and
capacities for conducting R&D
and absorbing research outputs,
Singapore embarked on custom-
izing partnership models and open
innovation platforms suited to their
specific needs and circumstances.
For example, the differentiated value
proposition that Singapore was able
to offer MINCs was the spectrum of’
science and engineering capabilities
available within a small, compact
location; seamless access to these
capabilities across different research
institutions; and the rich diversity of
world-class talent present in those
institutions.

In contrast, SMEs typically had
limited resources available for R&D
and were interested in new products
or services that could bring addi-
tional revenue streams, or in pro-
ductivity measures that could help
them remain competitive. Public-
sector efforts were then focused on
either bringing technologies further
down the value chain so they could
be readily licensed by the companies
or creating ready-to-go technolo-
gies that could be easily adopted.
Consortia that brought these SMEs
into the supply chains oflarger MNCs
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Figure 3: Comparison of corporate R&D expenditure across small research-intensive

countries, 2014
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Table 1: Global expenditure of the top five corporate spenders as a percentage of

national BERD, latest available year

Switzerland (2012) Netherlands (2014) Sweden (2014)

Finland (2014) Israel (2014) Singapore (2014)

164% 149% 74%

2% 23% 26%

Source: Estimates based on data from the EU Industrial R&D Investment Scoreboard; OECD Main Science and Technology Indicators; 2014 National R&D Survey of

Singapore; and the European Central Bank.

Note: Percentage figures were estimated by dividing data from the EU Industrial R&D Investment Scoreboard (the numerator) by the national BERD (the
denominator, which was estimated by multiplying BERD in the national currency, taken from the OECD and the 2014 National R&D Survey of Singapore, by

appropriate exchange rates, taken from the European Central Bank).

were also a particularly useful model
for ensuring that these smaller firms
could raise their capabilities so they
could continue to serve the MNCs.

The economic agenda has
always been a fundamental tenet
of Singapore’s R&D strategy: all
of Singapore’s national S&T plans
have consistently articulated the
goal of catalysing private-sector
investment and growth. Singapore
has therefore adopted a holistic and
integrated approach to developing
research, innovation, and enterprise

capabilities that allow it to translate
research discoveries to impactful

outcomes.

Singapore’s strategy: Open innovation
and open talent

Singapore’s innovation system has
been characterized by a strong open-
ness to foreign investments, ideas,
and talent. As a small, resource-con-
strained economy since its indepen-
dence, Singapore recognized that
it needed to tap into globalization

to survive. Since the 1960s, the
Singapore Economic Development
Board (EDB) pioneered a strategy
of welcoming and attracting MINCs
and foreign direct investments into
Singapore—at a time when many
other countries were, at best, still
largely ambivalent about foreign
investment and corporations.

This attitude of openness has
similarly been adopted in the R&D
sector. When Singapore was building
up its R&D capabilities in the early
years, it relied on an open talent strat-
egy to recruit international scientific
leaders to seed capabilities and men-
tor young scientists. As a result, today
Singapore has a robust core of local
research talent complemented by a
rich diversity of international talent.
Of Singapore’s research community,
30% are foreign,” allowing it to tap
into the diversity of research ideas,
expertise, and networks around the
world. This puts Singapore among
the mostinternationally diverse R&D
ecosystems globally, on par with
Sweden and the United Kingdom.

Another trend that Singapore
has leveraged on in its R&D strat-
egy is that of open innovation. As
defined by Henry Chesbrough in
2006, ‘Open innovation is the use
of purposive inflows and outflows
of knowledge to accelerate internal
innovation, and expand the markets
for external use of innovation, respec-
tively.”® Globalization, technological
advances, increased connectivity, and
intensifying competition have led
many companies to turn away from
the traditional Bell Labs approach of
internal R&D.” Instead, companies
embrace the open innovation model
and partner more aggressively with
public-research performers across
the globe. For example, Procter &
Gamble is an early adopter of open
innovation models through their
Connect+Develop
From 2000 to 2006, the programme

programme.




helped increase their R&D produc-
tivity by almost 60%, more than
doubled their innovation success rate,
and doubled their share price while
lowering their cost of innovation:
their R&D investment as a percent-
age of sales decreased from 4.8% in
2000 to 3.4% in 2006."

Very early on, Singapore rec-
ognized and harnessed the benefits
of open innovation by collaborat-
ing with and anchoring strategic
MNC partners, thereby transferring
their capabilities and expertise to
the local ecosystem while creating
good jobs in the local economy.
Singapore’s economic agencies,
such as A*STAR and EDB, make
coordinated efforts to leverage open
innovation to strengthen Singapore’s
key industry clusters. For example,
A*STAR and EDB successfully
partnered with Applied Materials,
the largest semiconductor equip-
ment manufacturer in the world, to
anchor the firm’s R&D operations
in Singapore. Today all wafer-level
packaging research across the firm is
conducted in Singapore, adding to
Singapore’s position as a key global
node for semiconductor R&D.

Another example of Singapore’s
open innovation strategy that has
led to industry growth is seen in
the aerospace cluster. Under the
A*STAR  Aerospace Research
Consortium, major aerospace MNCs
(such as Airbus, Boeing, Pratt &
Whitney, and Rolls-Royce), local
leading companies, and A*STAR
research institutes collaborate in
pre-competitive research. The con-
sortium has played a critical role in
building the R&D expertise needed
for Singapore’s aerospace industry,
allowing it to gain a competitive
edge over other emerging hubs in
the region.

In recent vyears, Singapore’s
research-intensive universities

have also deepened their industry

engagement with major collabora-
tions including the Rolls-Royce@
NTU Corporate Lab and Keppel-
NUS Corporate Lab. In the health
and biomedical sciences space,
A*STAR, the universities, hospi-
tals, and academic medical centres
also collaborate closely in major
translational and clinical research
programmes that aim to bring R&D
from bench to bedside. Many of these
collaborations, which link research
to innovation and enterprise, are also
both inter- and transdisciplinary in
nature. Singapore recognizes that
the greatest impact of innovation is
often found at the convergence of
different research fields and profes-
sions. In particular, A*STAR has
played a leading role in convening
large-scale, multi-disciplinary pro-
grammes that integrate the diverse
capabilities of various performers in
the ecosystem.

Besides open innovation part-
nerships with companies, Singapore
has attracted top research performers
from across the world. For example,
the Campus for Research Excellence
and Technological Enterprise
(CREATE) under the National
Research  Foundation  houses
research centres from top universities
such as the Massachusetts Institute
of Technology (MIT), ETH Zurich,
Cambridge University, and Peking
University. These international
partnerships have created a strong
pipeline of ideas, talent, and research
capabilities to increase the vibrancy
and diversity of Singapore’s R&D
ecosystem. Another example is the
Asian Network for Translational
Research and Cardiovascular Trials
programme, in which A*STAR and
the major public healthcare insti-
tutions collaborate with regional
partners across 10 countries to study
cardiovascular disease progression in

heart failure.

Singapore’s challenges: Private-sector
innovation capacity

Singapore’s R&D and innovation
journey is not without its chal-
lenges. Although it has consistently
ranked 1st in the Innovation Input
Sub-Index of the Global Innovation
Index, Singapore ranked 20th in
the Innovation Output Sub-Index
in 2015, leading to an overall
Innovation Efficiency ratio ranking
of 100th in that year. In particular,
Creative outputs is an area of weak-
ness in Singapore that needs to be
improved on, hovering at 33rd place
in both 2014 and 2015; Knowledge
and technology outputs fared better,
at 12th place in 2015.

This situation is partly a result of
the relatively nascent and govern-
ment-led development of Singapore’s
innovation system. The Singapore
government invested significantly in
developing the country’s universi-
ties and public research institutions
in order to catalyse private-sector
investments. As a result, although
public-sector research has grown in
intensity and excellence, that of enter-
prises, especially local enterprises, has
yet to grow at a corresponding rate.
The MNCs, by and large, dominate
in many R&D-intensive industry
clusters, such as electronics, pharma-
ceuticals, and biomedical sciences.
In comparison, local enterprises
are still relatively modest in their
research investments and capabilities,
although their growth rate appears to
have picked up in the last five years
or so.

Another pertinent observation
is that many of the most research-
intensive and innovative small
economies in the world (such as
Switzerland, Sweden, and Finland)
have large home-grown companies
that are also multinationals in their
own right—these domestic MNCs
account for a major proportion of
the business expenditure on R&D
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(BERD), and are the engines ofinno-
vation as well as technology recep-
tacles of the R&D outputs in their
home countries (Figure 3, Table 1)."
For example, in Sweden, about 80%
of business R&D is performed by a
few large multinational companies,
and 49% of BER D spent by Swedish-
owned MNCs." In Finland, Nokia
alone used to contribute almost
half of BERD in its heyday."”” In
comparison, it takes more than 100
companies in Singapore to contrib-
ute 80% of BER D and the large local
enterprises collectively contribute
only 17%.'"* The stark difference
illustrates plainly that Singapore’s
domestic enterprises are nowhere
near as large or as research-intensive
as those in other small research-
intensive countries.

Singapore is well aware of this
challenge and of the importance
of local enterprises, both small
and large, to a strong and sustain-
able economy. Indeed, Singapore’s
SMEs employ 70% of workers and
contribute 50% of total GDP."”
Therefore, in recent years, govern-
ment policy makers have placed
greater emphasis on the technologi-
cal upgrading of SMEs. SPRING,
an economic agency dedicated to
helping Singapore’s SMEs grow,
offers a broad slew of incentives
and credit schemes to encourage
SME:s to conduct R&D. A*STAR
also carries out programmes that
support the transfer of technologies
and expertise from its research insti-
tutes to SMEs. Examples include
the Growing Enterprises through
Technology Upgrade (GET-Up)
programme, which helps companies
with their technology roadmapping
and attaches research scientists to
companies to increase their absorp-
tive capacity; and the Technology
which
encourages companies to adopt

Adoption  Programme,

ready technologies that may help
them improve productivity.

Singapore is also increasing its
efforts to collaborate with large
local companies. For example, in
the marine and offshore sector,
Singapore is building a deepwater
ocean basin and will partner with
the industry, including local ship-
yards, to grow prototyping and
testing capabilities for offshore plat-
form development. More recently,
companies outside the manufactur-
ing sector—such as the DBS Bank
and Singtel—have stepped up to
collaborate with public-sector per-
formers to enhance the digitization
and data analytics capabilities within
the banking and telecommunication
sectors, respectively.

In addition, Singapore is stepping
up its efforts to develop its entre-
preneurial ecosystem. Assistance
schemes such as the Technology
Incubation Scheme, Early Stage
Venture Funds, and the Technology
Enterprise Commercialisation
Scheme provide funding support
for companies in their early stages.
Within the one-north area, the
government has built dedicated
infrastructure for start-ups at the
JTC Launchpad, which houses a
growing number of successful
local information technology and
biomedical start-ups. Indeed, start-
ups in Singapore have more than
doubled in the last decade, growing
from 24,400 in 2005 to 55,000 in
2014. The Global Entrepreneurship
and Development Institute’s annual
Global Entrepreneurship Index now
ranks Singapore as the 11th most
entrepreneurial country.'® However,
Singapore’s start-up scene is still
far from the likes of Silicon Valley
or Israel, and there is much room
to inculcate more entrepreneurial
mindsets in young Singaporeans and
catalyse more start-up activities.

There is a silver lining in all these
endeavours: Many local companies
are now aware of the benefits that
R&D and innovation can bring to
their businesses, especially as they
seek to differentiate their products
and services from the competition.
The aspiration is that, with contin-
ued persistence and more success
stories of local enterprise growth,
Singapore’s private-sector innova-
tive capacity will close the gap with
the top research-intensive countries
in the world. Singapore has some
way to go in terms of cultivating a
vibrant, R&D-intensive private sec-
tor, but it is on the right trajectory.

Conclusion: The way forward for
Singapore

Singapore’s R&D efforts have led it
to be consistently ranked in the top
10 in the Global Innovation Index. It
came in 7th in the 2015 GII, the top-
ranked country in the South East
Asia and Oceania region. Singapore
ranked 1st in the Innovation Input
Sub-Index and is seen to be strong
in the Infrastructure and Business
sophistication sub-pillars, in which
it ranked 1st for each pillar. Its strong
performance in the GII rankings is
undergirded by strong growth in
gross expenditure on R&D (GERD)
and BERD, as shown earlier. The
impact of these R&D investments
is evident in the creation of many
high-value jobs for the Singapore
economy, with 32,835 research sci-
entist and engineer (RSE) jobs in
2014, a growth of 6% CAGR over
the last 10 years."”

Interestingly, because of the way
Singapore’s R&D sector has devel-
oped—through a government-led
effort aimed at catalysing private-
sector activities and investment—
the Business sophistication pillar is
viewed in Singapore as an output of
its public R&D endeavours rather




than as an input. Many of the indica-
tors in this pillar, such as knowledge-
intensive employment and the state
of cluster development, are in fact
key performance indicators for the
government agencies undertaking
research activities.
Under the

announced

RIE2020 Plan
earlier this year,
Singapore has shifted to a gover-
nance framework that would allow
for even more integrated national
strategies, as well as strengthened
links between the country’s research
capabilities and industry structure.
Under RIE2020, Singapore is orga-
nizing its R&D investments into
four thematic domains that reflect
major national challenges and eco-
nomic opportunities: Advanced
Manufacturing & Engineering;
Health & Biomedical Sciences;
Urban Solutions & Sustainability;
and Services & Digital Economy.
This structure provides coherence to
the research endeavours of the vari-
ous research performers, the public-
sector agencies, and the private
sector. At the same time, three cross-
cutting programmes—academic
research, manpower, and innovation
and enterprise—will support the
four domains. The intent naturally
is to avoid unnecessary duplication
of effort, to support the most meri-
torious ideas and proposals, and to
achieve even greater outcomes for
the steady and sustained investments
of the government in RIE2020.

Notes

1 Department of Statistics, Singapore, SingStat
Table Builder, available at http://www.
tablebuilder.singstat.gov.sg/publicfacing/
createDataTable.action?refld=3252.

2 Josey, 2012, p. 325.

3 Information about one-north can be found
at http//www.jtc.gov.sg/industrial-land-and-
space/pages/one-north.aspx.

4 Thomson Reuters, 2016.

5  The three RCEs hosted in NUS are the
Cancer Science Institute of Singapore, the
Centre for Quantum Technologies, and the
Mechanobiology Institute. The two RCEs
hosted in the NTU are the Earth Observatory
of Singapore and the Singapore Centre on
Environmental Life Sciences Engineering.

6  See the Times Higher Education World
University Rankings, available at https://www.
timeshighereducation.com/world-university-
rankings/2016/world-ranking.

7 This refers to the percentage of foreigners
among PhD, Masters, Bachelors, and non-
degree researchers. National R&D Survey of
Singapore 2014.

8  Chesbrough, 2006, p.1.

9 Information about the Bell Labs approach can
be seen in Hilger, 2014.

10 Huston and Sakkab, 2006.
11 OECD, 2013, p.165

12 Jacob et al, 2015. The RIO Country Report
2015: Sweden, released 23 June 2016, uses
data from 2013.

13 OECD, 2008, p. 116.
14 National R&D Survey of Singapore 2014.
15 Say, 2015.

16  The Global Entrepreneurship Index can
be found at https://thegedi.org/global-
entrepreneurship-and-development-index/.

17 National R&D Survey of Singapore 2014.
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CHAPTER 1

National Innovation Systems Contributing to Global Innovation:

The Case of Australia

ALAN FINKEL, Department of Industry, Innovation and Science, Australia

JoHN BELL, ACIL Allen Consulting, Australia

In the context of the increasing glo-
balization of innovation, this chapter
explores ways in which Australia
is drawing on global experience
in the design of national innova-
tion systems, while at the same
time recognizing that many of the
benefits from national innovation
systems spill across national borders.
The chapter provides examples of
Australian engagement in world-
wide innovation through the glo-
balization of ‘big science’, with
outcomes in fields such as aerospace
and pharmaceuticals. It also provides
examples of ways in which Australia
is drawing on the experiences of
other countries in developing new
policies and programmes. And just
as Australia is learning from other
countries, others can also learn from
the Australian experience. In both
policy development and big science
projects, advances made in Australia
build on and will contribute to
global innovation benefits.

Global science cooperation and national
innovation

Well-designed national innovation
systems recognize the value of inter-
national linkages and collaboration.
Global collaboration harnesses the
best talent and resources to address
world challenges, with participating

countries sharing the costs, through:

e international research collabora-
tion to address issues such as the

Ebola virus;

* big science collaborations such
as the Square Kilometre Array
(SKA; see below) and the Laser
Interferometer Gravitational-
Wave Object (LIGO);' and

¢ shared access to major facilities

such as synchrotrons.

The Global Science Forum (GSF)
of the Organisation for Economic
Co-operation and Development
(OECD) was established in 1992.2
Originally known as the ‘Mega-
Science Forum’, it is a forum in
which OECD members and other
countries can discuss scientific
issues. Through this forum, the GSF
has also been providing analysis and
advice to governments on interna-
tional science collaborations; the
name was changed to the Global
Science Forum in 1999 to more
accurately reflect this broader role.
The GSF includes 33 member coun-
tries that are either OECD members
or other countries (as Key Partners).

In the area of international scien-
tific cooperation, the GSF provides
a venue for consultation among the
senior science policy officials. It
produces findings and action recom-
mendations on high-priority science
policy issues that require interna-
tional cooperation, and identifies
opportunities for collaboration on
major scientific undertakings.’

Challenges to which the GSF
seeks to respond include:

* the tension between the fiscally

constrained environment on

science, technology, and innova-
tion (STI) in most jurisdictions,
along with a need to demon-
strate the impact and benefits of

public investment in science;

* the growing complexity of sci-
ence and technology, which
requires greater international and

inter-disciplinary cooperation;

¢ the rapid development of infor-
mation and communication
technologies and associated
‘open science’ and ‘big data’
developments;

* the growing societal engage-
ment with science and the need

to ensure public trust; and

 the increasing importance of
emerging economies in global
STI, which is expanding the
global competition for talent
and requiring new approaches to
international cooperation and its

governance.

The GSF serves its members in
the formulation and implementation
of their science policies by exploring
opportunities for new or enhanced
international cooperation in selected
scientific areas, defining interna-
tional frameworks for vital national
or regional science policy decisions,
and addressing the scientific dimen-
sions of issues of global concern.?
The GSF’s current activities include
a scoping exercise to help determine
upcoming priorities for research

infrastructure.
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The globalization of science and
innovation: Examples

This section provides an example
of an international project based, in
part, in Australia, and an example of
a policy programme that underpins
the big science environment in the
country. They can both be seen as
efforts bringing together scientists
and engineers from around the world
in a way that can serve as a roadmap

for other international efforts.

The Square Kilometre Array
The SKA project is an international
attempt to constructa radio telescope
capability many times more power-
ful than any currently in existence.
The project involves international
collaboration and funding. The SKA
project plans to locate a facility in
both Australia and South Africa
and to build it in two phases. The
indicative capital budget for Phase
1 is about $A1 billion. The purpose
of the SKA is to probe key questions
about the nature and origins of the
universe and the laws of physics.
Australia has long been a lead-
ing player in radio astronomy. It
has been a strong proponent of this
project and offers an exceptionally
good site for locating some of its
most exciting elements. The coun-
try has taken a leadership role and
brings world-class radio astronomy
capabilities to the project. Australia
and other SKA partners will gain
benefits from the exchange of top
scientists and engineers and the SKA
will inspire young people to develop
an interest in science.
Construction and operation of
the low-frequency SKA in Australia
offers the potential for substantial
tangible economic benefits through
demands for local supply of goods
and services that will feed into
employment, wage rates, and an
overall boost to real incomes and

economic welfare.

Investment in the SKA project
creates options for Australia to secure
a competitive position in super-
computing and the management of
massive datasets. Successful imple-
mentation of the SKA will require
major progress in this area. The
data-handling demands of the SKA
will be well ahead of current com-
mercial drivers of progress, work-
ing with huge data streams needing
to be managed. The largest data
volumes will originate in Western
Australia, and it will be necessary to
have major, highly innovative data
processing performed within that
region.

A key feature of the data-
handling requirements of the SKA
lies in the ability to identify rare,
weak signals in a background of
massive noise. This type of prob-
lem arises in a number of other
settings as well. It was the stimulus
for the Australian development in
the 1980s of fast Wi-Fi capabilities,
which subsequently proved highly
successful commercially. Such data
handling also underpins the emerg-
ing use of computer modelling of
geological structures as an input to
resource exploration. Locating this
type of data-processing capability in
Western Australia supports strong
synergies with resource exploration

and development.

Australia’s National Collaborative Research
Infrastructure Strategy

In Australia, the drivers for big sci-
ence projects such as the SKA are also
reflected in national decisions about
investment in shared research infra-
structure. These facilities provide
the tools for Australian researchers
to contribute to global science and

innovation, and highlight:

 the increasing importance of
major research infrastructure to

research and innovation;

¢ the changing nature of research—
which now places more emphasis
on collaboration and the impor-
tance of systemic infrastructure
(broadband, high-performance
computing, data repositories,

etc.);

* the limited capacity of a ‘small’
nation to meet major infrastruc-

ture needs; and

¢ the increasing cost and complex-

ity of research infrastructure.

Some expensive research equip-
ment needs to be used around the
clock in order to get value from
it before it is no longer leading-
edge equipment (for example, the
life expectancy of state-of-the-art
sequencing machines is about five
years). Experience shows that shar-
ing access to leading-edge research
equipment and facilities can result
in new beneficial collaborations
between users both within and
between public and private sectors.
Australia’s  National
Collaborative  Research
structure Strategy (NCRIS) pro-
gramme began in 2004, it has

Since

Infra-

resulted in the investment of around
$A3.7 billion to develop and fund
national research infrastructure
projects. NCRIS involves a strategic
and collaborative approach to invest-
ment in world-class research facili-
ties, networks, and infrastructure
that are accessible to researchers and
meet long-term needs. Many high-
priority, medium-scale research
facilities are too large or complex to
be supported by any single research
institution, but are nevertheless
necessary to leading-edge research.
NCRIS provides funds in the range
of $A5 to $A60 million, support-
ing facilities that are too large to
be funded through other Australian
programmes but are less than ‘land-
mark’ investments such as the SKA,

which require separate case-by-case




consideration. NCRIS also seecks
to avoid wasting limited resources
that would result from competitive
or uncoordinated duplication of key
research facilities.

The key requirements of NCRIS
include:

* Major infrastructure should be
developed on a collaborative,
national, non-exclusive basis.
Funding and eligibility rules
should encourage collaboration

and co-investment.

* Access is a critical issue in the
drive to optimize Australia’s
research infrastructure. In terms
of NCRIS funding, there should
be as few barriers as possible to
accessing major infrastructure for
those undertaking meritorious

research.

* Due regard must be given to
the whole-of-life costs of major
infrastructure, with funding
available for operational costs
where appropriate.

e NCRIS should seek to enable the
fuller participation of Australian
researchers in the international

research system.

Participants in NCRIS facilities
include institutions of higher educa-
tion, the Australian federal govern-
ment as well as state and territory
research agencies and institutions,
independent research institutions,
private-sector research organiza-
tions, and industry. Researchers
from other countries access these
facilities through collaborations
with Australian researchers. NCRIS
funds have supported access for
Australian research to international
infrastructure such as the European
Molecular Biology Labs and the
Giant Magellan Telescope.

Australia is currently plan-
ning the next stage of national-
scale research infrastructure. The

evolving roadmap will be shared
with the international community
through the country’s participation
in the Group of Senior Officials on
Global Research Infrastructures,
whose most recent meeting was
hosted in Sydney in February 2016.°
Countries such as New Zealand and
Singapore have been invited to fol-
low Australia’s progress and partici-

pate where they wish.

The global search of big corporations for
research from public-sector inputs
Corporations  that  previously
employed large numbers of research-
ers in their own laboratories are
increasingly building alliances with
leading-edge public-sector research
groups around the world to access
skills, expertise, and equipment.
These alliances provide corpora-
tions with low-cost access to new
ideas emerging from public-sector
research facilities—yet another
example of how the global innova-
tion system integrates and builds on
national systems.

This trend provides opportuni-

ties for different groups:

 for countries such as Australia
to get ‘on the radar’ of multina-
tional corporations and attract

research investment;

* for public-sector researchers to
develop entirely new approaches
to addressing major challenges
and solving industry problems;

and

* for research students involved in
these activities to enjoy greater
employment prospects.

Global corporations seek to
locate those public-sector research-
ers who can best meet their needs.
Of these alliances, of which there
are many in Australia, two—Boeing

with Commonwealth Scientific and

Industrial Research Organisation
(CSIRO) and Monash University
with GlaxoSmithKline (GSK)—
illustrate this trend.

Boeing Australiahasworked with
its parent company in Seattle to be
the sole Australian supplier of flight
control surfaces such as ailerons,
spoilers, and rudders for a number of
Boeing commercial aircraft, includ-
ing the new 787 Dreamliner. These
are manufactured in Melbourne and
exported to the United States of
America (USA) for assembly. Boeing
has collaborated with the Australian
government research agency called
CSIRO for over 23 years; in recog-
nition of this collaboration, in 2011
Boeing named CSIRO the ‘Supplier
of the Year’ out of 17,500 suppliers
worldwide. The joint collaboration
has worked on projects including
research into sustainable aviation
fuels, aircraft painting processes,
and aircraft maintenance manage-
ment software. In 2012 CSIRO and
Boeing commenced a five-year,
$A25 million research programme
in space sciences, advanced materials,
energy, and direct manufacturing.
In the past decade, Boeing has trans-
ferred an estimated $A100 million
in technological knowledge (includ-
ing the cost of licences, know-how
transfer, and so on) to Australia and
has invested more than $A500 mil-
lion in plant, equipment, training,
and research laboratories.’

Monash University’s Institute
of Pharmaceutical Sciences (MIPS)
collaboration with GSK was estab-
lished in 2009 with $A3.3 million in
initial funding from the Government
of the State of Victoria and GSK. It
leverages the unique skills of MIPS
in drug delivery and formulation
with the industrial know-how and
world-class medicine development
capabilities of GSK Australia. This
project funded the creation of a
centre to support the development
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of next-generation formulations
and platform technologies for new
medicines.

GSK has continued to make
significant investments in Australia,
creating new high-skilled jobs while
continuing to support the successful
MIPS-GSK collaboration. GSK’s
advanced manufacturing facility in
Victoria is its largest sterile facility
in the southern hemisphere, where
it manufactures medicines and
vaccines that utilize blow-fill seal
technology, developed in partner-
ship with MIPS. This technology,
which is an advanced antiseptic pro-
cess, produces a range of container
sizes suitable for the delivery of
unpreserved, sterile products. GSK
and MIPS have collaborated on
more than 20 other projects since
2010. The partners have a strategy
to underpin an ongoing 10-year
sustainability and growth target for
enhanced pharmaceutical manufac-
turing in Australia that embraces a
range of partners and communicates
knowledge to a broader audience.

Melbourne’s world-class con-
centration of bioscience and
medical research includes MIPS,
BIO21,2 CSL Ltd,” the Walter and
Eliza Hall Institute of Medical
Research, and NCRIS platforms
such as the Australian Genome
Research Facility. Australian Prime
Minister Malcom Turnbull recently
announced a major expansion
of BIO21 to house CSL’s Global
Researchand Translational Medicine
Hub. Melbourne’s research institutes
are well connected to other global
centres of bioscience and their inno-
vations have an impact around the
world.

Enhancing national contributions to
global innovation
National innovation systems are

increasingly making greater use

of demand-side policy and pro-
gramme measures (see also Edler in
Chapter 5)." In doing so, they are
drawing on the experiences of other
countries and adapting them where
necessary. This sharing of policy
ideas and experience raises the per-
formance of the global innovation
system. One example is the US
Small Business Innovation Research
(SBIR) Program, established in
1982. It currently distributes around
US$2.5 billion in contracts and
grants. US agencies with external
R&D budgets of more than US$100
million per annum are required
to spend 3.0% of their budget on
grants and contracts to small busi-
nesses. Firms are selected to develop
products and technologies that are of
interest to the government agencies
or that support innovation aimed
at public good outcomes (which
are generally diffused globally,
contributing to global innovation).
Individual agencies are responsible
for selecting awardees. One project,
led by Alan Finkel, received SBIR
funding in 1986 in support of a
transformational technology devel-
opment that underpinned company
sales and reputation growth for the
next two decades.

Evaluations of the US SBIR
Program have found strong eco-
nomic and employment outcomes.
For example, Lerner compared firms
that had been awarded grants in
1985 with a matching set of firms
over a 10-year period."" He found
that the awardee firms had a five
times greater increase in employ-
ment and a 2.5 times increase in sales
than the control firms. In recent
years, other countries—including
Finland, the Netherlands, Sweden,
and the United Kingdom (UK)—
have copied or adapted the SBIR
Program to accelerate the growth of
new technology-based businesses.
Australia is planning to start a pilot

SBIR-type programme at the federal
level this year.

Several pioneering features of
SBIR, maintained since its incep-
tion 34 years ago, have contributed
to its success. First, there is no federal
government budget impact because
the funding is set aside from exist-
ing expenditure. This approach has
helped to secure bipartisan support.
Second, SBIR is generous in its
encouragement of innovative firms
and projects—the government
takes no equity position, requires
no matching funds, and expects no
payback. Risk mitigation is man-
aged through the two-phase awards
process, and societal benefit comes
from its contribution to the econ-
omy through jobs and taxes. Third,
because each agency administers its
own programme within the guide-
lines established by Congress, agen-
cies are empowered and motivated.
Fourth, SBIR provides funding for
early-stage innovation ideas that are
too high risk for private investors,
including venture capital firms, so
that these ideas have a chance to
come to fruition."”

SBIR-type programmes are seen
as addressing needs that are not being
met by market mechanisms alone.
The success of demand-side innova-
tion measures such as SBIR contracts
depends on a number of factors. The
SBIR contracts approach, where
an invitation is issued to develop a
solution to an identified problem,
requires programme administra-
tors who are lateral thinkers able to
identify issues that are amenable to
this type of approach. These admin-
istrators also need a solid, working
knowledge of related research activi-
ties. SBIR-type programmes differ
from conventional public-sector
procurement and require a differ-
ent mindset. For example, some
health ministries may not see invest-

ment in innovation as part of their




responsibility, even though such
investments may reduce hospital
costs or improve patient well-being.
SBIR-type schemes also require a
capability on the part of research
suppliers, who must have the neces-

sary agility and business skills.

Creating pathways to employment for
research graduates

Research graduates have global
employment opportunities and are
important contributors to global
innovation. In Australia only about
one-third of PhD-trained research-
ers are employed in the business
sector, compared with two-thirds
in the USA. This makes it harder
to establish research collaboration
projects between business and the
public sector in Australia, which in
turn has an impact on the innovation
capacity of this sector. Increasing the
numbers of researchers in business
is therefore of some importance.
Again, Australia is seeking to learn
from the experience of other coun-
tries such as France, where compa-
nies that employ new PhD graduates
receive a quadruple tax deduction on
their salaries for two years."

In the UK, Knowledge Transfer
Partnerships (KTPs) create demand
for recent graduates while also
encouraging their supervisors to
become involved in knowledge
transfer. KTPs aim to help businesses
improve their productivity and
competitiveness through the bet-
ter use of technology, knowledge,
and skills. Each KTP is a three-way
partnership between a business, an
academic institution, and a graduate.
The academic institution receives a
grant to partially subsidize the cost
of employing a recently qualified
graduate to work at the company;
the average company contribution
to KTP projects is around £20,000.
Typical KTPs last between six

months and two years, depending
on the project and the needs of the
business. KTP opportunities are
advertised online."

KTPs are delivered through
Innovate UK. A wide range of
knowledge-exchange activities—
spanning management; market-
ing, business administration and
policy; engineering technology; and
information technology, computer
science, and computation—are
undertaken. Associates are jointly
supervised by staff in the company
and in the faculty at the university
concerned.

The costs of the partnerships
are partly funded by government
and partly by the participating busi-
ness. A review in 2010 reported
that 62% of company partners
subsequently offered the associate
a permanent position, and 82% of
associates accepted those offers.”” A
recent independent study evaluating
the economic impacts of the KTP
Associates and participating univer-
sities found that, in the period 2001—
08, the return on public investment
was £7.5-7.9 per £1 of KTP grant
funding, with £1.6-1.8 billion gross
value-added and between 5,530 and
6,090 jobs created.'

Australia has a small programme
called Innovation Connections that
provides financial support to place
a publicly funded researcher in a
business or a business researcher in
a publicly funded research organi-
zation to work collaboratively on
a specified project.”” An EU-wide
KTP Program, currently under-
stood to be under consideration,
would have impact beyond national

innovation systems.

Increasing the contribution of public-
sector research to innovation
Measuring engagement between
public-sector researchers and external

parties is an important step towards
providing incentives to increase the
translation of public-sector research
for economic and social benefit."* The
Australian Academy of Technology
and Engineering (ATSE) has taken
the initiative of exploring options for
metrics to measure Australian uni-
versities’ research engagement with
external partners. These partners
may be Australian or based overseas.
This work is intended to ensure that
research engagement is appropriately
recognized and rewarded alongside
research excellence."

The proposed metrics are derived
from existing data collections of
Australian university research.
These metrics are based on external
dollars attracted to support research
from industry and other users of uni-
versity research, as a direct measure
of research engagement. Research
engagement with industry is seen as
a forward-looking proxy for impact.
Building on the ATSE’s initiative,
in December 2015 the Australian
government announced its intention
of introducing, for the first time,
clear and transparent measures of
non-academic impact and industry
engagement when assessing uni-
versity research performance. Built
on the work of the ATSE, the new
metrics will be piloted through the
Australian Research Councilin 2017
and fully implemented by 2018.

A database of international scope
developed in Australia is in the pro-
cess of integrating patents from most
countries alongside academic publi-
cations and business data. Known as
‘The Lens’, among other capabilities
it will enable the measurement of
impact by tracking the number of
times academic publications have
been cited in the patent literature. It
is conceivable—and probably desir-
able—that such impact data will

become a component of national and
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international rankings of research

institution performance.

Managing intellectual property to
provide global opportunities for
innovation

Government agencies responsible
for the administration of intellec-
tual property (IP) rights systems are
becoming more pro-active in mak-
ing their information available to
potential users. In December 2014,
a discussion paper announced that
the government would put in place
arrangements to provide industry
and other end-users with better
access to research.?® To achieve this
outcome the government would

seek to:

* establish an online point of
access to commercially relevant

research for business, and

* develop a whole-of-government
policy to open up access for
business and the community to
publicly funded research.

The Australian IP rights agency,
IP Australia, has implemented the
first of these objectives. IP Australia
recognizes that knowledge created
by research organizations is rarely
in a form that can be immediately
applied commercially. Potential
small- and medium-sized company
research users often lack the resources
and experience to find such knowl-
edge. This is a particular problem
in Australia, where the percentage
of Australian researchers employed
in business is relatively low. Add to
this a researcher ‘reward system’ that
is not set up to encourage research
commercialization, and the chal-
lenge of helping potential users of
IP becomes that much harder.

IP  Australia
Australian patent database. In addi-

operates  an

tion, it has established an in-house
analytics group of experts, the Patent

Analytics Hub, to help Australian
innovators make the most of their
IP. The Hub provides analysis, visu-
alization, and interpretation of data
included in patent documents.

IP Australia has also developed:

e an IP Toolkit to facilitate, sim-
plify, and improve collaboration
between researchers and indus-

try; and

* Source IP—a digital marketplace
for sharing information, indicat-
ing licensing preferences, and
facilitating contact for IP gener-
ated by the public research sec-
tor in Australia. This is similar
to other globally available data-
bases, including those of the
Danish Patent and Trademark
Office and the Malaysian Patent
Office.

Source IP’s focus is on connect-
ing rather than buying or selling
IP. It provides a single point for
information and making contact,
and because it is a primary database
it can be trusted. It provides ‘trans-
lated’ patent listings with usage
suggestions. It also provides some
information on provisional pat-
ent applications, as well as those in
Patent Cooperation Treaty (PCT)
and national phases (a PCT applica-
tion, which establishes a filing date
in all contracting states, must be fol-
lowed up with the step of entering
into national or regional phases to
proceed towards the granting of one
or more patents). [P Australia’s work
is connecting Australian researchers
and IP owners with potential users
around the world.

In addition,
PATENTSCOPE

than 60 million patent documents

WIPO’s
allows more
to be searched, including patent
applications filed under the PCT.*'
Through the Access to Specialized
Patent Information programme, pat-
ent offices and academic institutions

in developing countries can receive
free or low-cost access to sophisti-
cated tools and services for retriev-
ing and analysing patent data.

Conclusions
This chapter has shown that Australia’s
science base is strong and contributes
to innovation both nationally and
internationally through its engage-
ment in worldwide innovative
programs. Although by population
Australia is a small country, it takes
advantage of the globalization of
big science, finding a place on the
international stage in cooperative
ventures with other countries and
opening itself up to interaction with
scientists from around the world. In
doing so, it draws on the experiences
of other countries in developing new
policies and programmes.
Australia, through its national
innovation policies, recognizes the
value of international linkages and
global collaboration. It aims to har-
ness the best talent and resources
to address global challenges and to
share costs of providing and main-
taining leading-edge facilities and
equipment, which would otherwise
be prohibitive, with other partici-
pating countries.
Australia’sinnovation systemis in
transition. It is learning from inter-
national best practice, both in policy
development and in big science
projects. As these evolve, Australia’s
experiences with finding workplace
connections for research graduates,
with managing IP, and with foster-
ing the engagement of the public
sector in translational research can
contribute to the societal benefits to
be reaped from global innovation.
And in this way, too, Australia can
participate by providing lessons to
other countries that want to be part
of the global innovative effort.




Notes

1 See https://www.skatelescope.org/ for
information about the SKA project; See
https://www.ligo.caltech.edu/ for information
about LIGO.

2 OECD, no date.
3 OECD, no date.
4 OECD, no date.

5  Department of Education and Training,
Australia, 2016.

6 Belletal, 2014.
7 Monash University, 2012.

8 BIO21 is one of Australia's largest
biotechnology research institutes, with more
than 500 researchers.

9  CSLLtd is a Melbourne-based leading global
biotherapeutics company that operates in
more than 30 countries.

10  See Chapter 5 of this report.
11 Lerner, 1996.

12 Lerner, 1996.

13 BusinessFrance, no date.

14 Innovate UK, 2016.

15 Regeneris Consulting, 2010.
16 WECD, 2015.

17 Department of Industry, Innovation and
Science, Australia, 2016.

18 Belletal, 2015
19  ATSE, 2015, 206.

20 Department of Education and Department of
Industry, Australia, 2014.

21 See http://www.wipo.int/patentscope/en/ for
information about WIPO's PATENTSCOPE.
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CHAPTER 12

Leveraging Talent Globally to Scale Indian Innovation

GOPICHAND KATRAGADDA, TATA Sons

ARAVIND BHARADWAJ, Mahindra & Mahindra Ltd.

India has all the ingredients needed
to become a global driver of inno-
vation: It has a strong market
potential, an excellent talent pool,
and an underlying culture of frugal
innovation. Innovative countries
have demonstrated the leverage of
their cultural advantage to capture
markets. Japan leveraged its cul-
tural emphasis on ‘efficiency and
team work’,' to revolutionize the
manufacturing and engineering
industries. The Republic of Korea
(Korea) utilized its cultural emphasis
on ‘speed’? and it built world-class
companies such as Samsung and LG.
China has sustained a GDP growth
in excess of 10% for more than two
decades by virtue of its ‘ability to
scale.”” The United States of America
(USA) and Israel have leveraged the
diversity of their populations to lead
innovation globally.

Similarly, India can build on its
cultural bias of frugality and sus-
tainability to capture markets not
only within its shores but globally.
For this to happen, however, India’s
industries need to have the hunger to
be at the top of the value chain, its
customers have to be more demand-
ing, its policies have to be more
transparent, and its talent pool has to
get more hands-on experience while
simultaneously growing to leverage
the global talent pool.

Leveraging global talent

An often-cited example of a US
company leveraging global talent is
that of General Electric (GE). GE has
been an early pioneer of globalizing
research with its centres in India,
China, Germany, and Brazil, in addi-
tion to the parent research centre in
the USA. The centre in Bangalore,
the John F. Welch Technology Center
(JEWTC), was set up in September
2000 at its present 50 acre campus.
Today the JFWTC is home to over
4,000 researchers and engineers con-
tributing to product development
and intellectual property filed and
owned by the parent GE. Close to
2,000 of the 30,000 patents awarded
between 2011 and 2016 to GE have
Indian inventors from the JEWTC
and Indian talent in other global
centres.* Contributions from the
JEWTC include low wind regime
wind turbines, locomotive designs
for emerging markets including
India, low-cost ultrasound and ECG
machines, and aircraft engine com-
ponent designs.’> Going by awarded
patents, other global companies
with strong contributions from
Indian inventors include IBM, Intel,
Qualcomm, and Google (see Table
1). An interesting aspect of these data
is that US companies, especially GE
and IBM, have leveraged Indian
inventors more than non-US com-
panies have. This could point to the
fact that the Asian companies have
only recently started leveraging tal-

ent outside their own geographies.

Similarly, Indian corporations show
an increasing trend in patent filing
and a healthy leverage of global tal-
ent, as shown in Table 2.

Innovating for the immediate needs of
the Indian market

As India embarks on its innovation
journey, Indian corporations and
the government should first focus
on the significant internal market
needs in the energy, water, trans-
port, healthcare, food security, and
digital products and services sectors
to deliver tangible human and envi-
ronmental benefits. India should
build out its own capabilities while
simultaneously leveraging global
talent to speed up delivery in these
critical sectors. Identified below are
the opportunities and challenges in
the six sectors:

e Energy. India would need to
generate 0.5 kW of electric-
ity per person to provide a rea-
sonable level of opportunity to
its population. Based on cur-
rent population projections for
2025, India needs to increase
its generation capacity by 2.5,
from roughly 280 GW to 710
GW. The energy requirement
of 0.5 kW per person is roughly
half of the European average
and a quarter of the US aver-
age. Transmission and distribu-
tion capacity should be upgraded
accordingly.’
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Table 1: Contributions of Indian inventors to patents granted to multinational

corporations

Patents granted
(total, T January 2011

Company t0 31 March 2016)

one Indian inventor (total)

Patents with at least
one Indian inventor (%)

Patents with at least

GE 29,001
IBM 45,527
Intel 16,542
Amazon 3,631
Google 12,116
Microsoft 24,696
Qualcomm 32,218
Samsung 95,298
Apple 14,007
LG 71,443
Sony 47,336
Toshiba 51,703
Toyota 53,122
Canon KK 56,987
BMW 75

1,966 6.8
1,894 41
284 17
62 17
192 15
365 14
m 13
M 0.46
31 0.22
47 0.06
9 0.01
8 0.01
6 0.01
3 0.005
0 0

Data source: Patent Inspiration, http://www.patentinspiration.com/.

« Water. India needs to double its
available usable water from 1,000
to 2,000 cubic metres per person
per year; less than 1,700 cubic
metres of water per person per
year is considered by the United
Nations to be water-stressed.” To
put this into perspective, cur-
rently the USA provides 8,000
cubic meters of water per person
per year to its citizens. Further-
more, India needs to double the
sewage treatment facilities in its
urban areas to even meet its cur-

rent needs.?

« Transportation. It is estimated
that India will add 1,000 passen-
ger and freight locomotives over
the next 10 years, and the pas-
senger and freight aircraft market
will grow to US$100 billion or
more by 2025. A detailed analy-
sis of India’s transportation sec-
tor is available in the report sub-
mitted to the Prime Minister
of India by the National Trans-
port Development Policy Com-
mittee in 2013-14 entitled India

Transport Report: Moving India to
2030.° In regard to road trans-
portation, the Government of
India aims to make automobile
manufacturing the main driver
of its Make in India initiative, as
it expects the passenger vehicles
market to triple, reaching 9.4
million units by 2026, as high-
lighted in the Auto Mission Plan
(AMP) 2016-26." Efficiency,
emission control, and light
weighting will continue to drive
the next generation of transpor-

tation in India.

« Healthcare. In order to provide
sufficient healthcare for its citi-
zens, India will need to boost its
healthcare spend from its current
4% of GDP to 5.5% of GDP, as
noted by the McKinsey report
prepared for the Confederation
of Indian Industry (CII) India
Healthcare: Inspiring Possibilities,
Challenging Journey. The report
presents a vision for India’s
healthcare with clear goals and
the steps that will need to be

taken to achieve those goals by
20221

* Food Security. India will have
to develop innovative, accessible,
diversified food plans and supply
chains to enable a diet that sup-
plies at least around 2,100 kilo-
calories per capita per day for
the urban population and 2,400
kilocalories per capita per day for

the rural population.'

e Products and Services for
the Digital Consumer. It is
expected that by 2030 more than
a billion Indians will be online."”
Digital consumers today are con-
nected individuals who leverage
their interconnectivity as much
as their Internet connectivity
for purchasing products and ser-
vices. From mobile wallets to
digital lockers, digital consumers
will redefine commerce as we

know it.

Building innovation competence: Indian
IT and automotive industries

The Indian information technol-
ogy (IT) industry is discussed in the
following paragraphs to outline the
historical context of global leverage
of Indian talent and the subsequent
leverage of global talent by Indian
industry. The chapter then focuses
on the automotive industry as an
example of a sector where global tal-
ent has played a role in the maturing
of the Indian industry.

The Indian IT industry: Moving up the value
chain

During the era of protected markets,
companies in emerging markets
predominantly focused on prod-
ucts based on dated technology and
adapted them to local needs with
local manpower. However, with
emerging markets opening up to
global players, traditional companies




have focused on processes to improve
product quality and operational
efficiencies to remain competitive.
Simultaneously, several start-ups
seized this opportunity in sunrise
sectors, specifically in the Indian
IT sector, to leverage the low-cost
talent available in India to initially
execute manpower intensive proj-
ects for mature markets. Companies
such as Tata Consultancy Services
(TCS), Infosys, and Tech Mahindra
have progressively expanded their
scale and scope to move up the
value chain with a global centre and
workforce and have transformed
themselves into major international

players.

Tata Consultancy Services: An example of
leveraging talent globally

TCS established its first research cen-
tre, the Tata Research Development
and Design Centre (TRDDC), in
Pune, India, in 1981. The TRDDC
undertakes research in software
engineering, process engineering,
and systems research. It is also the
largest research and development
(R&D) facility among the network
of innovation labs at TCS.

In the USA, TCS opened cen-
tres in Cincinnati and Santa Clara
with the goal of fostering research
by leveraging specific talent and
ecosystems available in these cities.
TCS Innovation Labs in Cincinnati,
established in 2008, employs more
than 900 workers. This centre was
created to nurture research in the
areas of supply chain management
and manufacturing technologies.
The empowered team of research-
ers, located in both Cincinnati and
Bangalore, is extensively engaged
in co-innovation partnerships
with their global partners includ-
ing Purdue University, the Indian
Institute of Science, and Oklahoma
University. This team is pilot-
ing innovative platforms such as

Table 2: Indian companies filing globally and leveraging global talent, 1 January 2011

to 31 March 2016

Patents
granted
(total, five
Company years) USA China

Patents with

one or more

non-Indian
European inventors

Australia Patent Office (anada (total)

Infosys 281 275 2
1CS 244 170 2
Ranbaxy 196 58 10
Wockhardt 160 54 9
Sun Pharma 84 2 8

1 0 0 81
25 4 2 2
23 26 8 35
3 16 19 45

6 10 2 24

Source: Patent Inspiration, http://www.patentinspiration.com/.

the supplier social network and
is excited about shaping the TCS
research agenda in the emerging area
of cybersecurity across applications
in the automotive, supply chain, and
Internet of Things sectors.

The TCS Valley
Customer Collaboration Center in

Silicon

Santa Clara, California, which was
officially opened on 31 January
2012, is designed to provide an open,
innovative, and collaborative work-
space that adopts the entrepreneurial
spirit and best practices employed by
the world’s leading start-up compa-
nies in Silicon Valley. With a state-of
the-art Usability Test Lab, the centre
serves as the worldwide h