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Introduction
Throughout human history, innovation has been the driving force behind material and social progress. It is the source of the new or
improved products, processes, and methods of marketing and organization that drive the competitiveness of our business sector; it
contributes to the creation of new high added value jobs; generates the income that sustains our standard of living; solve the technical
and social problems we face; shapes the structure of our society by changing value systems and ideologies; and, eludes the limits imposed
by scarce resources on wellbeing. Innovation acts on a macroeconomic system by shifting away the full potential of the economy, allowing
entrepreneurs and risk takers to efficiently conduct socially valuable activities while pursuing their own interests.
It is not the fruit of coincidence that per capita GDP started increasing in a modern fashion just at the beginning of the 19th century. This
époque continues to contradistinguish itself as the beginning of an uninterrupted period of innovation and technological progress. While
exploring this coincidence, the work of some pioneers, Robert Solow and Trevor Swan, set up the framework that allowed quantification
of the impact of technology progress over a macroeconomic system, the Multifactor Productivity (MFP). Given a certain period of time and
a certain country, the MFP is an estimate of the percentage of GDP growth due to innovation. Initial estimates of the annual MFP set
around 66%, give technological progress a primary role in determining the wellbeing of a country. These estimates were gradually watered
down through time but still remain very high; around the period 2000-2010, MFP accounted about 53% of World’s GDP growth. Chapter 1,
and the final appendix, will guide the reader throughout this framework and some of its results, interesting both for the policy maker and
the economist.
If MFP is already the most important component of countries’ GDP growth, in about 45 years, together with human capital, it is going to
become even more determinant. Recent OECD projections, estimate that in the period 2050-2060 MFP will grow up to about 88% (more
than 95% together with human capital) of world’s GDP growth. As predicted from the model presented in the final appendix, innovation is
going to be almost the unique source of growth, relegating physical capital and labour to a marginal role. This event could have been
forecasted by simply looking at the recent commitment of many Asian countries towards Science & Technology. In the current economic
policies’ documents, China defines scientific development as the theme and Korea is designing a creative economy while Singapore focus
on robotics, drones, human augmentation and big data. This Eastern commitment towards innovation plus the recent shifts in trade and
wealth accompanying globalisation are setting the context for a new era of MFP-driven growth. In this environment it becomes highly
recommendable to invest in Science & Engineering cooperation in order to exploit the mushrooming of R&D commitments and the
existing and developing synergies and complementarities. Chapter 2 will be focused on these future patterns and will bring to the intuition
that our times require something more than the autonomous and independent national science focus.
In order to properly assess the forces playing in the new international chessboard, chapter 3 will provide an analysis of the current
national policies for the indigenous and collaborative development of R&D in China, India, Israel, Singapore, South Korea and United
States. Brief historical analysis will shed light over the coevolution of GDP growth and technology progress; all the countries under
examination, with no exceptions, and in different times, showed a high correlation between the paradigm of indigenous and
internationally open S&T development, and economic wellbeing. Today overall, with few exceptions mainly dictated by dimension
(Singapore) or inefficiency and ambiguity (India) problems, the commitment towards the internationalization of R&D is very strong and
explicitly recognized as the main instrument to face future global challenges.
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Chapter 1
Chapter 1 introduces the reader to the relationship between economic growth, as measured by GDP increments, and technology progress.
A lively and polarized debate between two schools of thought allowed exploring in depth the causal effects between these two
phenomena. The examination of the salient traits of the dispute, allows presenting straightforwardly the concept of Multifactor
Productivity, today, the main instrument for the assessment of the economic importance of Science & Technology.

1.1 Economic growth and technology progress
Economic growth hasn’t always been as persistent and sustained as in the past two centuries. According to data estimated by Maddison 1,
between the years 0 and 2010 the evolution of GDP per capita exhibited the patterns described in figure 12. The plot shows that GDP
growth is a relatively recent process that spread out somewhere between the 18th and 19th century and that steadily persisted until today,
allowing the achievement of incredibly high levels of wellbeing. From the graph is also possible to observe the drops in GDP due to some
economic crisis of the second half of the 20th century. In particular, the 1970s energy crisis, the early 80s and 90s recession and the
subprime mortgage crisis of late 2007 stand out and show their effect on world’s economy. Some other famous events such as the Black
Monday in 1987 are not directly visible because, despite the great historical attention they received, they were somehow local events and
were more than offset by the growth of other regions – for example, the Black Monday here is obscured by the Canadian, Australian and
New Zealand performances. Neglecting short term oscillations, the focus of this chapter will be over long-term GDP growth and its
determinants.
Figure 1- Evolution of average GDP per capita in Western Oﬀshoots, Western Europe, Latin America, Asia and Africa, years 0-2010
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Source: OECD, The World Economy, A Millennial Perspective.

The increasing wellbeing has been accompanied by an increasing cross-country inequality. While the average person on the planet has
been getting richer, certain countries, such as Africa, experienced stagnation: between 1950 and 2010, African per capita GDP doubled
from 889$ to 2,034$ while Western Europe grew from 4,761$ to 20,889$3, a four times increment. This tendency persisted until 1980s,
when, for the first time, according to various indexes, a slight decline in income inequality manifested and continued until the 2000s.
GDP progresses are typically measured on a trimestral basis but the focus is generally over yearly growth rates to avoid short-sight policy
targeting. In everyday life, it is difficult to understand the difference between a GDP growth of 1% against, let’s say 1.5%. To appreciate
the importance of small differentials in long-run economic growth, consider the case of the United States. Its real annual growth rate from
1870 to 2000 was 1.8 percent allowing a transition from $3,340 to $33,330 per capita4. This tenfold increase gave U.S. the second- highest
level of per capita GDP in the world in 2000. What would have been its overall economic performance in the case of a slower expansion?
Suppose for example its yearly per capita GDP growth was only 1 percent below its actual rate and hence slightly below the level of
Pakistan and Philippines in the considered time span. In 2000 the United States’ GDP per capita would have been $9,450 ranking 45th out
of 150 countries. Suppose instead the growth in the considered period was 2.8%, just 1 percent above its true level. In 2000, the U.S. per
capita GDP would have been $127,000, 28 times its value in 1870 and 3.8 times bigger than the true level.

1

Angus Maddison, British economist specialized in quantitative macroeconomic history
Western Offshores is a term coined by the economic historian Angus Maddison. This group comprehends the U.S., Canada, Australia and New Zealand.
International dollars
4
All the variables are measured in 1996 U.S. dollars
2
3
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If small differentials play such a big role in determining the future of a country, it is worth investigating what policies can ensure long-run
growth. Figure 1 gives a hint in this respect: economic growth has not been a smooth process but a huge break happened at the beginning
of the 19th century, in the middle of the first industrial revolution. With the shift from hand-made to machine-made products a new era of
human experience began where technological progress, accumulation of physical capital, improvements in education and closer
integration of national economies created a much higher standard of living than had ever been known in the pre-industrial world. The
world GDP growth rate rose from 0.04% in the period 1500-1820 to 1.21% from 1820 to 1922 to 7.78% in 1960-20145.
It is believed that technical progress has been the most fundamental element of change. Despite its raw nature, the Research &
Development (R&D) of the first industrial revolution set the conditions for a leader-follower competition that shaped the world economy.
Countries at the frontier of technology in the 19th century maintained their economic leadership until today, while followers, relying on
mimicry and adaption, lagged far behind for a century or more, depending on the case.
Even if the importance of technology for GDP growth seems undeniable, there are many issues that undermine economists’ ability to
identify its precise impact. First of all, while technological progress occurs, many other relevant processes affect the economy and interact
with it. Disentangling the effects of technology advance, physical and human capital accumulation, economies of scale, abundance or
scarcity of natural resources and institutional changes, is not an easy task. All these factors contribute positively to the wellbeing of a
nation but, when the time comes to decide what policy to adopt given a limited amount of resources, it becomes fundamental knowing
where to put the money.
A second problem, much more subtle but well known, arise when we recognize that correlation and causation are different concepts.
Figure 1 shows that modern economic growth not only manifested for the first time during the first industrial revolution, but also that it
remained relatively high and steady during the age that contradistinguished itself for modern scientific progress. The timing seems to
suggest direct causation running from technical development to economic wellbeing. Figure 2, which shows the association between per
capita GDP and the Global Innovation Index (GII) in 20146, seems to support this conclusion.
Figure 2- Correlation Global Innovation Index-GDP in 2014

80

70

60

GII 2014

50

40

30

20

10

0
$0.00

$20,000.00

$40,000.00

$60,000.00

$80,000.00

$100,000.00

$120,000.00

Per capita GDP 2014
Source: World Bank and the Global Innovation Index.

Unfortunately it is well known that a visible pattern among two or more variables does not imply the existence of a causal relationship.
Correlation is a necessary but not sufficient condition for causation. The centenary climbing of figure 1 and the positive association
between GDP and the GII in figure 2 have at least two other possible explanations: the existence of

An inverse causal relationship: economic growth triggers technology progress;

A spurious relationship.
Spurious relationships can assume two forms. Data can exhibit correlation, on the one hand, because of randomness, on the other,
because other variables that influence both technical progress and GDP are not taken into account7. The problems of
disentanglement and correlation-causation are interrelated. Without solving the first, we cannot distinguish between the effects of
technology, physical and human capital accumulation, economies of scale, etc. Therefore, becomes impossible to determine the
5

Maddison, Monitoring the World Economy and World Bank
The sample contains 139 countries.
Spurious relationships are bitter enemies for economists: they undermine the possibility of drawing basic conclusions from simple patterns. The theme is deep and rich of statistical
and econometrical complications; it will not be examined further. It is sufficient to say that sometimes spurious relationships can be fought with common sense: we cannot be sure
whether randomness or other variables generated or not the patterns of Figure 1 and 2, but, nonetheless, we grasp some sort of causality played a major role.
6
7
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extent to which GDP cause, or is caused, by scientific development. Without solving the second we cannot establish the degree by
which an economy depends on technology, implying the lack of data to gain insights in the first problem. The interplay between the
two issues is a clear signal of endogeneity. This complicates the problems under examination and makes it harder to reach a
definitive position.
Initially, economists were polarized in two opposite visions: the Technology-Push and Demand-Pull theories. These two approaches were
voluntary at odds with each other because, from past experiences, the academic researchers understood that radically different
paradigms fuel the debate and help shed light over the object of interest. Each side pretended to solve the correlation-causation problem
in favour of causation but they inverted cause and effect. As the name suggest, the Technology-Push Theory saw causation as running
from technical progress to GDP growth, while, the Demand-Pull Theory gave need – market demand- a central role in determining the
path and the pace of technology.
Incredibly, after decades of studies and disputes, endogeneity passed from being an enemy to become an ally and helped solving, at least
partially both the measurement and the correlation-causation problem. The next paragraphs, will illustrate how this shift occurred and the
main results achieved. It is worth mentioning that the economic model in the appendix, which pertains to the Technology-Push school, not
only helped solving the issues previously examined, but also, set the basis for the creation of Dynamic Stochastic General Equilibrium
Models (DSGE), the modern instruments used by central banks all over the world to monitor the status of the economy, perform forecasts
and plan monetary policy.

1.2 The Technology push
Joseph Alois Schumpeter, the father of the Technology Push Theory, during his so called Mark 1 period, thought that technology triggered
wellbeing at the micro (industry level) and macro level (the entire economy). Entrepreneurship and innovation were the core of his
conception of the economy. Breaking with the past, in his vision, the entrepreneur was not anymore a person engaged in risky economic
activities as in Richard Cantillon8 or a mere organizer of production and trade as in Frank Knight9. Instead, innovation became the
distinctive stroke of entrepreneurship. It could assume several forms, from the launch of new products or new species of already known
products to process improvement, process creation, opening of new markets, acquisition of new sources of supply of raw materials or
intermediate goods, and so on, impacting on the economy in a way called by Schumpeter creative destruction: breaking up old and
creating new.10.The Entrepreneur becomes the primary source of dynamism within the economy, which, in his absence, declines into
sterile soil. Because Schumpeter identified innovation as the engine of the economy, he is claimed to be the fiercest supporter of the
Technology-Push Theory, according to which, technology progress pushes growth.
In the 50s, seventeen years after Schumpeter’s publication, two economists, Bob Solow and TW Swan11, independently formalized
Schumpeter’s idea through a well-known mathematical model, namely the exogenous growth model or Solow-Swan model12. Bob Solow
developed many implications and applications of this model and in 1987 was awarded the Nobel Prize in economics for these
contributions. Despite its simplicity, the model is able to give valuable insights on the increasing cross-country differences in per capita
GDP (figure 1), the correlation in figure 1 and 2, and the disentanglement problem. Furthermore, it laid the foundations of modern
macroeconomic theory and still today is used as benchmark to test new theories. Large part of its strength resides on the so called
neoclassical production function; it allows the model to make contact with microeconomics and, to serve as a bridge between theory and
data.
The Solow-Swan model is a highly abstracted simplification of economic reality. It describes a closed economy where production,
consumption and investment concern only one good, and, therefore, where GDP can be measured as the quantity of this unique product.
There are two possible factors of production, physical capital and labour. Physical capital can be thought as measured by the quantity of
plants and equipment across the economy, while labour as the hours per period (years let’s say) that the society devotes to work. These
are the unique inputs employed by firms for production. The inhabitants of the economy are both consumers and entrepreneurs and, the
owners of the means of production. These consumers, each period in time, perceive a certain income and decide how to split it between
consumption and saving. The economy admits the existence of innovation; when it occurs, it allows employing fewer inputs to produce
the same quantity of output – or GDP- . After advancing some hypothesis on consumers’ behaviour – called households -, firm’s behaviour,
demographic dynamics and the functioning of markets, the model uses some national accounting identities to obtain the core
macroeconomic relationships, in particular, the so called low of motion of capital. The latter, describes how per capita physical capital
evolve through time inside the economic system and predict that capital can be accumulated only up to a certain extent. In other words,
the economy is not able to adopt machines, equipment and infrastructure beyond a certain level. The reason is that while the economy
each period allocates some resources to investment in physical capital, forces like population growth and depreciation of old machines,
equipment and infrastructures, reduce the per capita physical capital to be inherited from future generations. These opposite forces –
investment and, population growth and depreciation – tend to balance through time, up to the point where they equal each other. Once
the maximum amount of per capita physical capital is reached, the economy cannot hope to increase its GDP per capita unless some
breakthroughs in scientific knowledge – the way inputs are combined to produce GDP- happens. In this framework, Innovation act by
increasing the potential of the entire economy by shifting away the moment where stagnation occurs and increasing the maximum
8

Richard Cantillon, Essai
Knight, Frank H., Risk, Uncertainty, and Profit
Schumpeter, Business Cycles: A theoretical, Historical and statistical analysis of the capital process
11
Bob Solow, A Contribution to the Theory of Economic Growth, and, Trevor Swan, Economic Growth and Capital Accumulation
12
The interested reader not scared by differential equations may want to read the appendix, where the model is formally treated
9
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reachable level of GDP. Going back to the example in the previous paragraph, a per capita GDP of $127,000 is well outside the historical
experience of any country and may, in fact, be infeasible, but, people in 1870 probably would have thought the same about $33,330.
Innovation act on the economy by removing the cap that limits wellbeing. These findings, from an abstract and theoretical perspective,
support the conclusions that the pattern identified in Figure 1 and 2 are due to technological progress through a causal effect.
The model set also the basis for the so called Growth Accounting Framework. As the name suggests, the Growth Accounting Framework is
a useful instrument to gain insights on the disentanglement problem. Based on the equations of the Solow model and with the aid of
econometrics, economists have been able to decompose GDP growth in its core elements. The contribution from technological progress is
typically referred to as Total Factor Productivity (TFP) or sometimes as Multi Factor Productivity (MFP). Solow, not only developed the
growth accounting framework, but also applied it to U.S. data for an assessment of the sources of growth in the period 1909-1949
discovering that 87.5% of growth was explained by technical progress. Many other studies used the model to disentangle the sources of
growth in different time spans and different countries. An example is the paper of Philippe Aghion and Peter Howitt13 who decomposed
1960-2000 per capita growth of OECD countries in TFP and capital per worker. The results are summarized in table 1
Table 1- Decomposition GDP Growth years 1960-2000

Country

GDP per worker

TFP growth

Capital deepening

TFP share

Capital deepening share

Australia
Austria
Belgium
Canada
Denmark
Finland
France
Germany
Greece
Iceland
Ireland
Italy
Japan
Netherlands
New Zealand
Norway
Portugal
Spain
Sweden
Switzerland
United Kingdom
United States
Average

1.67
2.99
2.58
1.57
1.87
2.72
2.50
3.09
1.93
4.02
2.93
4.04
3.28
1.74
0.61
2.36
3.42
3.22
1.68
0.98
1.90
1.89
2.41

1.26
2.03
1.74
0.95
1.32
2.03
1.54
1.96
1.66
2.33
2.26
2.10
2.73
1.25
0.45
1.70
2.06
1.79
1.24
0.69
1.31
1.09
1.61

0.41
0.96
084
0.63
0.55
0.69
0.95
1.12
0.27
1.69
0.67
1.94
0.56
0.49
0.16
0.66
1.36
1.44
0.44
0.29
0.58
0.80
0.80

0.75
0.68
0.67
0.60
0.70
0.75
0.62
0.64
0.86
0.58
0.77
0.52
0.83
0.72
0.74
0.72
0.60
0.55
0.74
0.70
0.69
0.58
0.68

0.25
0.32
0.33
0.40
0.30
0.25
0.38
0.36
0.14
0.42
0.23
0.48
0.17
0.28
0.26
0.28
0.40
0.45
0.26
0.30
0.31
0.42
0.31

Source: Philippe Aghion and Peter Howitt, Capital, Innovation, and Growth Accounting

The first column reports GDP per workers compounded annual rates. The second and the third, reports the part of growth due to TFP and
capital accumulation, while the fourth and the fifth reports the respective percentages. The average OECD country owed 68% of its growth
to TFP, whose contribute, in the whole sample, oscillates between a minimum of 52% in Italy and a maximum of 86% in Greece. Growth
accounting apart being a useful instrument for identifying an economy’s fundamentals is also used to set policy targets. For example, the
2006 Chinese 15-year Science and Technology plan aims at raise the contributions to economic growth from technology advance – the
MFP - to more than 60%.
Through time, the Solow model has been surpassed due to a series of drawbacks. It lacked microfoundation - since consumers did not
maximize their utility but acted according to a behavioural rule - save always a constant fraction of income whatever happens in the
economy- and it lacked consideration of the role of human capital and market imperfections. But, the most influential critique regarded
the exogeneity of technological progress: inside the model innovation occurs as an external entity with respect to the production process:
it is manna from heaven14 that inserted in the black box15 magically produces growth. Economists were increasingly unsatisfied with these
issues, the tautological nature of some of the model’s results and the isolation of the framework from other valuable theories, especially,
the Demand-Pull- Theory.

1.3 The Demand Pull
Beginning in the 1960s, economists and people from other fields began to look at innovation from a demand rather than a supply
perspective, alimenting the so called innovation studies. This field was of particular interest to governments willing to expand the public
support of R&D to the private sector and, was mainly conducted to improve project management. Project Hindsight, run by the U.S.
13

Philippe Aghion and Peter Howitt, Capital, Innovation, and Growth Accounting
Charles Jones, Introduction to Economic Growth, 2nd Edition: technology is like "manna from heaven," in that it descends upon the economy automatically and regardless of whatever
else is going on in the economy
15
Nathan Rosemberg, Inside the black box
14
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Department of Defense between 1963 and 1969, represents a pioneering work in this respect16. By focusing on twenty weapons systems
and other military equipment, it determined that military innovation relied on applied, rather than basic research: nearly 95% of
innovations were motivated by a recognized Defense need17. Soon, also the National Academy of Sciences18 and the U.S. Department of
Commerce19 agreed that most of the successful technological progress was triggered by needs – or demand - , and the coupling of need
and scientific research became the R&D strategy suggested by their reports. The studies were deepened by independent researchers; C.F.
Carter and B.R. Williams concluded that money, receptive management and favourable markets on one side, and in-house R&D on the
other, were equally important for firms’ innovation processes and, therefore, that technology progress may be pushed into the stream of
advancement by its suppliers, or pulled there by its customers20. Despite many economists, as Carter and Williams, would have probably
agreed on the fact that push and pull factors jointly determined innovation, the literature polarized. Schumpeter had his main antagonist
in Jacob Schmookler21 22, who wrote one of the most persuading papers supporting the Demand-Pull Theory. Schmookler wrote: The
evidence suggests that society may indeed affect the allocation of inventive resources through the market mechanism somewhat as it
affects the allocation of economic resources generally. If this is true, then technological progress is not an independent cause of socioeconomic change, and an interpretation of history as largely the attempt of mankind to catch up to new technology is a distorted one. The
author identified in the cultural and technological lags the two main responsible for the chronic tendency of technology to lag behind –
and depend on - demand. He defined the cultural lags as the unlikeliness of the appearance of new goods and techniques in the absence
of a pre-existing or latent demand, and technological lags as the result of the innovation’s dependence on social forces rather than R&D.
Schmookler’s work is based on 1840-1955 data on investments, production and patents concerning mainly the railroad and the petroleum
refinement sectors. In the railroad sector, he focussed on the total research & development expenditures, sales and number of patents the latter being used as a proxy for the industry’s innovation - of the railroad passenger cars’ industry. Patents and production, showed
lagged synchronicity, with investment leading the way, in the short-mid and long term. The following figure documents the lag for the
railroad industry
Figure 3- Patents and Production of the railroad passenger cars’ industry, years 1870-1950

Source: Schmookler, Economic Sources of Inventive Activity

The pattern observed were the same in all the sectors analysed. A peak in output tends to precede a peak in the number of patents,
suggesting that funds availability plays a big role in the innovation process, both as input and prospective reward for research. The
observed regularities were attributed to the firms’ possibility of shifting more resources to inventive activities during expansionary phases
and, of doing the opposite during contraction phases. From the above and other patterns, Schmookler concluded: It seems probable that
expected profits form invention, the ability to finance it, the number of potential investors, and the dissatisfaction which invariably
motivates it-are all likely to be positively associated with sales. That major and minor inventions in an established industry tend to go
together is a further indication that inventive effort is responsive to economic pressures and opportunities.
Despite the explanatory power of this theory, the demand-pull model per se disappeared from the literature relatively quickly due to two
devastating critiques. N. Rosemberg23 wrote: Although economic forces and motives have inevitably played a major role in shaping the
direction of scientific progress, they have not acted in a vacuum, but within the changing limits and constraints of a body of scientific

16

Many other similar studies have been conducted by the U.S. Air Force and the U.S. Navy
Office of the Director of Defense Research and Engineering, Washinghton D.C., First Interim Report on Project Hindsight
US National Academy of Sciences, Report of the Ad Hoc Committee on Principles of Research-Engineering Interaction
19
US Department of Commerce , Technological Innovation: Its Environment and Management
20
Carter, C. F., and B. R. Williams, Industry and Technical Progress: Factors Governing the Speed of Application of Science
21
Schmookler, Economic Sources of Inventive Activity
22
Even if the work of Schmookler is a valid contribute for the Demand-Pull Theory, it was not his intention to relegate technology-push being a fantasy. Recognizing the validity of both
theories, he wrote the following famous words: it takes two blades of a scissor to cut a paper
23
N. Rosemberg, Successful Industrial Innovation: Critical Factors for the 1990s
17
18
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knowledge. Mowery and Rosenberg24 added: the “demand-pull” approach simply ignores, or denies, the operation of a complex and
diverse set of supply side mechanisms which are continually altering the structure of production costs. These critiques produced a
decreasing interest for the Demand-Pull Theory and a shifting towards the Technology-Push Theory, which, for the reasons explained in
the previous paragraph, was anyway surrounded by malcontent.

1.4 Endogenous technology: Modern Economic Theory
Robert Lucas, Jr.'s critique25 of traditional macroeconometric forecasting models led to the microfoundation of macroeconomics, an
abrupt change that left a mark on economic modelling. It was emphasized that behavioural rules – as the one underpinning households
conduct in the Solow model – were inadequate for the studying of aggregate phenomena because they misrepresented reality. As a
consequence, a new approach, still used today, was designed. Its main feature is dynamic optimization: the economic agents are conscious
players that plans consumption, investment and production taking into account the information they have on the present and future state
of the economy through rational expectations. The Solow model had to be modified in order to fit the new standard. In doing so, its
structure has been enriched, but the growth accounting framework, although improved in its estimation abilities, retained its simplicity.
The enrichment regarded especially two aspects:

New factors of production have been considered; above all of them, stands human capital.

Technological progress has been endogeneized.
The importance of human capital in economic models is undisputable; its absence in the Solow model is due to the basic nature of the
framework: it was conceived as a starting point, not as final destination. The endogeneization 26 of technological progress is the unpacking
of the black box and represent the end of polarization between the Technology-Push and Demand-Pull Theories: new models formally
recognize the dual nature of innovation. The drawback of this extension is complexity: intuitively, trying to explaining more phenomena
contemporaneously increases the difficulty. The growth accounting framework is, still today, the main instrument to tackle the
disentanglement problem. In chapter 2, it will be used to comprehend the future evolution of world’s economy and the role played by
technology progress. An ultimate reflection is needed on the correlation- causation problem, a big obstacle for policy formulations. The
acceptance of both Technology-Push and Demand-Pull Theories admit that causation run both from GDP growth to technology and viceversa, but, still today, it is extremely difficult, if not impossible, to determine the intensity with which they impact on each other. All we
know, is their degree of association, and, for policy design, it is more than sufficient as long as the economy doesn’t change abruptly its
fundamentals.

24
25
26

D. Mowery and N Rosemberg, The Influence of Market Demand Upon Innovation: A Critical Review of Some Recent Empirical Studies
Robert Lucas, Jr., Econometric Policy Evaluation: A Critique
A variable is said to be endogenous when it is determined inside the model, namely, when it is not manna from heaven
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Chapter 2
The previous chapter identified a strong interrelation between growth and technology progress. It has already furnished one important
rationale for public R&D expenditure: a large share of GDP growth is due to technology progress. The purpose of chapter 2 is to examine
further rationales, both outside the international context, by looking at the gap between the efficient and actual expenditure, and inside
the international context, by looking at recent projections of trade and GDP distributions.

2.1 Rationales for public expenditure: outside the international context
The previous chapter gives R&D the role of engine of the economy and, the next paragraph, Rationales for public expenditure - R&D in the
international context, suggests that, in the near future, R&D will play a key role in the international scene due to the pressure exercised by
world’s economy integration. Despite its evident benefits for the economy and the forecasted increasing impact on wellbeing, R&D, and
especially basic research, has always been affected by underinvestment. The problem of underinvestment in basic R&D was already
evident in the 1950s. In a 1959 paper Nelson wrote: Since Sputnik27 it has become almost trite to argue that we are not spending as much
on basic scientific research as we should … Economists often argue that opportunities for private profit draw resources where societies
most desires them. Why, therefore, does not basic research draw more resources through private-profit opportunity, if, in fact, we are not
spending as much on basic scientific research as is “socially desirable?”28.
This thought is based on the difference between social benefits and private benefits of an economic activity. They can coincide just when
who implements the activity is the unique to bear the costs and to gain the rents. For example, consider a firm that invest in basic R&D.
Basic research is a public good and as such, it is non-rivalrous in consumption and non-excludable. So, once the investment on such an
activity has taken place, the firm cannot sell the results: physics laws and mathematical results don’t have a market; instead, firms need
more funds to apply the acquired knowledge and gain money. For this reason, many firms – even public institutions, especially all the
defense departments across the globe - prefer to focus on incremental improvements of already known technology rather than on radical
breakthroughs. The impossibility of attaching a price on basic research impedes the market mechanism to coordinate the parties and
induce a social optimum. But while private entities cannot collect the entire benefits associated to basic research and underinvest, society
as a whole cannot benefit from new discoveries and the pace of science slow down. Apart from theoretical considerations, several studies
estimated both private and social returns and discovered an enormous divergence. While private benefits are typically around 7-14%29,
the social ones are about 20-30%, and some studies estimate that the latter are even higher: Jones and Williams30 estimates a 100% return
to society. These numbers show how public R&D investment in basic research is needed to avoid wasting the benefits of such a profitable
activity and compensate the private underinvestment.

2.2 Rationales for public expenditure: inside the international context
2.2.1 OECD Funding Convention
The Organization for Economic Cooperation and Development (OECD) convention was signed the 14th December 1960 among 20 states31
with focus and commitment on the pursuing of economic progress and prosperity as instruments to reach inclusive wellbeing and
preservation of individual liberties. Strong beliefs on the importance of international cooperation in the recovery and progress of the postwar Europe, an awareness of its long term positive effects and the desire to use it as a bastion against the past errors, permeated the
entire document.
The rationales identified for the adoption of cooperation as the policy to be pursued in horizontal relationships were many and, about six
decades later, they are still perfectly actual. In particular, it was a shared opinion that

Broader co-operation would have brought a vital contribution to peaceful and harmonious relations among the peoples of the
world;

The increasing interdependence of economies required international coordination;

Consultation and co-operation were essential to use more effectively capacities and potentialities, to promote the highest
sustainable growth of economies and improve the economic and social well-being of peoples;

The further expansion of world trade was one of the most important factors favouring the economic development of countries
and the improvement of international economic relations.
Under these beliefs took shape the most important intergovernmental organization of world’s history. Not only the rationales for its
creation, but also its inspiring principles are of impressive actuality. They are imprinted in the first three articles of the Funding
Convention.

27

Sputnik is the first artificial earth satellite. This Russian success triggered the space race and huge investments in R&D by the U.S.
Richard R.Nelson, The Simple Economics of Basic Scientific Research
Erik Canton et al. Human Capital, R&D And Competition In Macroeconomic Analysis
30
Charles I. Jones, Measuring the Social Return to R&D
31
The official founding members are Austria, Belgium, Canada, Denmark, France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, the Netherlands, Norway, Portugal, Spain,
Sweden, Switzerland, Turkey, United Kingdom, United States
28
29
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Article 1
The aims of the Organisation for Economic Co-operation and Development (hereinafter called the "Organisation") shall be to promote
policies designed:
(a) To achieve the highest sustainable economic growth and employment and a rising standard of living in Member countries, while
maintaining financial stability, and thus to contribute to the development of the world economy;
(b) To contribute to sound economic expansion in Member as well as non-member countries in the process of economic development; and
(c) To contribute to the expansion of world trade on a multilateral, non-discriminatory basis in accordance with international obligations.
Article 2
In the pursuit of these aims, the Members agree that they will, both individually and jointly:
(a) Promote the efficient use of their economic resources;
(b) In the scientific and technological field, promote the development of their resources, encourage research and promote vocational
training;
(c) Pursue policies designed to achieve economic growth and internal and external financial stability and to avoid developments which
might endanger their economies or those of other countries;
(d) Pursue their efforts to reduce or abolish obstacles to the exchange of goods and services and current payments and maintain and
extend the liberalisation of capital movements; and
(e) contribute to the economic development of both Member and non-member countries in the process of economic development by
appropriate means and, in particular, by the flow of capital to those countries, having regard to the importance to their economies of
receiving technical assistance and of securing expanding export markets.
Article 3
With a view to achieving the aims set out in Article 1 and to fulfilling the undertakings contained in Article 2, the Members agree that they
will:
(a) Keep each other informed and furnish the Organisation with the information necessary for the accomplishment of its tasks
(b) Consult together on a continuing basis, carry out studies and participate in agreed projects; and
(c) Cooperate closely and where appropriate take co-ordinated action.
Since the original Convention was signed, another 14 states have joined the OECD32. They entered in a framework where Cooperation,
Information sharing, Common projects and Coordination were and still are, the watchwords. The purpose of this chapter is to show how
and why the first three articles of the Funding Convention are so actual. In particular we will focus on Article 2, point b (The Members
agree that they will, both individually and jointly, in the scientific and technological field, promote the development of their resources,
encourage research and promote vocational training) and will show how it intersects the other objectives, principles and beliefs, giving life
to a virtuous circle where the elements mutually correspond and strengthen the presence and the needing of each other.

2.2.2 Going for Growth: the actuality of human capital and R&D innovation strategies
In 2005, the OECD Economic surveys and country surveillance has been complemented by the launch of the Going for Growth program.
The first is a monitoring instrument of countries and specific sectors used by governments, firms, NGOs and researchers; the latter is a
guideline for governments’ policies in fostering the wellbeing of OECD countries 33 and an additional surveillance instrument. The Going for
Growth program, identifies country’s priorities in some specific field to sustain, in line with the OECD’S 1960 funding convention, high
levels of per capita GDP, productivity and employment and reports periodically the results achieved at an individual and aggregate level.
Among these reference variables (GDP, productivity and employment), the accent is posed on per capita GDP which is taken as the most
representative measure of wellbeing despite some of its drawbacks. Over the years, human capital and innovation acquired a prominence
role in policy recommendations and have been recognized as the main instrument to achieve sustained growth in the present and in the
future. For each country, the judgments on past policies and the suggestions for the future ones regard five areas:

Labour market regulations,;

Human capital;

Tax and benefit systems;

Trade and Investment rules;

Innovation policies.
They are based on a series of economic indicators which can be monitored through time and allow international comparisons. The
recommendations of an external observer are more critical at this moment in history: behind, financial and economic crises have
weakened the world economy; in front, there are a number of long term challenges. These include the lower potential growth for
advanced countries, slowdowns in developing countries, high public sector budget deficits and debts, slowing productivity, persistently
high unemployment, fragilities in the financial sector and, the risks of economic interdependence. The approach of Going for Growth is
“Understand, act”: fight back the uncertainty of the future by gaining insights on current trends and identifying suitable instruments to
correct wrong paths.
32

During the next 12 years Japan, Finland, Australia and New Zealand joined the organization. Between 1994 and 2000 also Poland, Hungary, the Czech Republic, Slovakia, Mexico and
South Korea became members. In 2010 Chile, Estonia, Israel and Estonia joined
33
Also some non OECD countries benefit from the program: Brazil, China, India, Indonesia, Russia and South Africa (from now on BRIICS). In 2015 also Colombia and Latvia received
useful guidelines

Page | 14

The main findings of Going for Growth 2015 are:
a) Labour productivity34 remains the main driver of growth. Priority should be given to reforms aimed at developing skills and knowledgebased capital. Raising the quality and inclusiveness of education systems will underpin this.
b) Governments should facilitate the reallocation of resources from less to more productive sectors via competition and innovation policies.
c) In lower-income countries, priority should be given to further improving access to quality education as well as the provision and
regulation of physical and legal infrastructure.
d) In many countries, removing obstacles to employment and participation, in particular among still underrepresented groups such as
women, youth, the low-skilled and older workers, would boost growth and make it more inclusive.
e) Shifting protection from jobs to workers, while achieving a better integration of social protection and active labour market policies, will
facilitate both job creation and matching workers and jobs.
Conclusions a, b and c are very important. Soon, after adding some elements to the general picture, it will be clear that they are part of a
big self-sustaining system where the shifting patterns in labour productivity and GDP determinants cause the needing of human capital
and R&D innovation strategies and vice versa. Conclusion a gives labour productivity an essential role. Apart from its intrinsic importance
for growth, its prominence is due to recent cyclical development and the shifting occurring in the global scenario between today and
205035. The recent economic crisis entailed a decrease of labour productivity in the majority of OECD countries.
Figure 4 - Labor productivity percentage change between the periods 1990-2000 and 2000-2013
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Figure 4 represents the percentage difference between average productivity between the period 1990-2000 and the period 2000-13;
Europe registered a - 0.46% which hides a considerable amount of heterogeneity, from the -2.98% of Slovenia to the -0.51% of Austria.
Japan and U.S. lost respectively the 0.83% and the 0.13%; Australia registered a -0.62% and China a -0.09%. Few states obtained an
increment: Israel performed well with +0.37% and Russia exceptionally well with +5.18%.
These short-term fluctuations are thought to have been caused by the recent crisis through GDP slowdowns, labour hoarding and other
kind of bottlenecks. They represent the natural reaction of the economy to the current disease and will gradually disappear as soon as
investments return to their pre-crisis level.
Long-term changes represent a completely different arena: generic investments are not an adequate countermeasure to face the future.
According to recent projections36, the contribution of labour productivity to GDP growth will decrease substantially in 15 years, both in
OECD and non-OECD countries. It is well illustrated from the figure 5. On the vertical axis it is measured the GDP growth estimated for
each decade from the 2000-2010 to 2050-2060 for OECD and non-OECD G20 countries. Each vertical bar is composed by the four
components which jointly determine the average GDP growth rate each decade: Capital accumulation, Labour productivity, Human
Capital, Multifactor Productivity (MFP) according to the equation
37. For OECD countries, the contribution of labour productivity will pass from +0.1% in period 2000-2010, to +0.01% in 2010-2020, to
-0.09% in 2020-2030 and -0.02% in 2030-204038. Instead, in non-OECD G20 countries, it will be negative from the decade 2020-2030, will
not change sign at least until 2060 and will reach a minimum of -0.44%. For both OECD and non-OECD G20 Countries, MFP and human
capital are the most important determinants of GDP growth until 2060 at least. MFP will dominate all the other components: In 2000-2010
the MFP has been responsible for 53.5% of GDP growth; by 2050-2060 it will account the 88.2%. Figure 5 shows also that GDP growth will
slow down, almost linearly in non-OECD G20 countries and irregularly in OECD countries.

34

Labour productivity can be measured either as GDP per hour worked, or as GDP per employee
OECD, 50 Years Global Scenario
OECD, 50 Years Global Scenario
37
The equation should be read as follows: GDP growth in decade x is equal to the sum of the contribution of Capital, Labour, Human Capital and MFP.
38
It will then turn slightly positive in the last two decades: +0.04% in 2040-2050 and + 0.1 in 2050-2060
35
36
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Figure 5 - Contribution to GDP per capita growth, OECD and non-OECD G20 Countries, years 2000-2060
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The guidelines of Going for Growth have been specifically designed to tackle these trends. In 2015 the surveillance program identified a
total of 215 priorities, 175 for OECD countries and 40 for BRIICS, Colombia and Latvia. Respectively, the 61% and the 80% of the reforms
suggested pertains to the field of productivity enhancement. More specifically, 22% of the OECD agenda and 23% of the non-OECD agenda
regard the fields of human capital, R&D and innovation policies. By coincidence, the latter percentages exactly match the relative weight
of Product Market Reforms (PMR), trade and Foreign Direct Investment (FDI). The importance of human capital, R&D and innovation,
trade and FDI is not a novelty for Going for Growth. In 2013, these areas accounted 41% and 43% in OECD and non-OECD countries. Large
part of the revision between 2013 and 2015 focused on R&D and innovation policies: in OECD countries the relative weight of this area
increased from 4% to 6%, while in non-OECD countries it passed from 3% to 8%. The latter shifts represent the biggest change in the
whole agenda for the time span considered. Table 2 summarizes the data
Table 2 – Priorities by policy area in 2013 for OECD and non-OECD countries

Type of reforms
Labour Markets Reforms
Productivity Enhancement Reforms

Total number of priorities

Human Capital
R&D and Innovation
Policies
PMR trade and FDI
Others

OECD
39%
16%
6%
22%
21%
175

2015
Non-OECD
20%
15%
8%
23%
36%
40

2013
OECD
40%
16%
4%

Non-OECD
17%
17%
3%

21%
24%
175

23%
42%
30

Source: Source: OECD, Going for Growth 2015

Being also a surveillance program, Going for Growth measures the responsiveness rates of a country with respect to the suggested policy
agenda. The responsiveness rate of a state in a certain area is a dummy variable which takes value 0 or 1 depending on the degree of
implementation of the suggested reforms. When significant legislation has been pursued the indicator takes value 1. In 2013-2014, on
average, across all the fields evaluated, the OECD countries responsiveness rates in R&D and human capital policies have been the highest,
around 45%. Unfortunately for the BRIICS group the responsiveness to R&D priorities is unknown. This group in 2013-2014 has been active
mainly in labour market policies, social protection and financial market regulation. The following figures39 offer a useful insight on the
evolution of policy accomplishments between 2011-2012 and 2013-2014. It can be observed that the pace of structural reforms has been
slowing down across the advanced OECD countries; adverse cyclical conditions and constrained fiscal and monetary policies are the main
responsible. It can be observed by the fact that the R&D responsiveness rate was 75% in 2011-2012, implying a drop of 30 percentage
points. Reform activity remains high, albeit declining, in Greece, Ireland, Portugal and Spain, and has increased in Japan. In contrast, the
pace of reform accelerated in developing countries, especially in China and Mexico. Also PMR, trade and FDI received peculiar attention by
both groups of countries.

39

OECD, Going for Growth 2015
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Figure 6 - OECD average of 2011-2012 responsiveness rates by reform area
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Figure 7 - BRIICS average of 2011-2012 responsiveness rate by reform area
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Despite the lack of data on the responsiveness rate of BRIICS countries in R&D and innovation, in chapter 3 will be shown that, at least for
China and India, we have many reasonable indicators that suggest a great effort in this area. Here, it is sufficient to remind that in 2013
China and India ranked respectively 2nd and 7th for GERD, accounting 16.5% and 2.7% of the global R&D spending40.
Going for Growth’s 2015 suggested agenda and countries’ behaviour points both to tackle the shift in the source of GDP growth mainly
through investments in Human Capital, R&D and innovation, and by creating favourable conditions for PMR, trade and FDI. Moreover,
closer economic integration and rising cross-country interdependence brings additional challenges that will require stronger international
co-ordination on structural policies in a number of areas, not only trade but also R&D, innovation, taxation, competition and other fields
affecting the corporate sector41.

2.2.3 World Economy Integration
World economy integration, especially trade, triggers the necessity of human capital and R&D national and international innovation in two
ways: shifting wealth and inducing country specialization. Since the 1990s, due especially to the entrance in the global economy of China
and India, international trade increased faster than GDP. In the period 1984-2011, the annual GDP growth rate oscillated between 3.7%
and 8.6%. In the same years, on average, the annual exports’ growth of China and India averaged respectively 12.9% and 11.2%. From
1985 to 2008, the market share of India doubled from 0.57% to 1.16% while China passed from 1.6% to 9.1%, the highest percentage
apart from Germany, ahead just of 0.2%. China became the world’s biggest merchandise trader in 2013, with imports and exports totalling
US$ 4,159 billion and realizing a surplus of 2.8% of its GDP. Asia achieved a gorwth rate in merchandise export of 4.5 % , the world’s
highest, followed by the 3% of North America42. Part of these patterns can be observed in the following figures

40
41
42

Battelle, 2014 Global R&D Funding Forecast
OECD, Going for Growth 2015
WTO, International Trade Statistics 2014
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Figure 8 - Annual growth of exports of goods and services and annual growth in world GDP
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Figure 9 - Market share in world exports, 1985 and 2008
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Trade is predicted to keep outpacing GDP growth due to already stipulated international agreements. The geographical centre of imports
and exports will continue to shift towards emerging economies. Asia today accounts for more than 27% of world exports. By 2060 this
percentage will be above 38%43. While in 2012 half of total trade in bilateral terms took place within the OECD area, the importance of
bilateral trade among OECD members is expected to halve in five decades. Instead, trade among non-OECD economies will account one
third of global trade. For instance, trade among Asian countries will increase from 6% to 16%. Figure 10 furnish details. Shifts in trade are
one of the main factors behind the shift in GDP distrubution across the world. China will gain a bigger share and, India and Africa, will
grow spectacularly, passing respectively from a share of world’s GDP of 5% and 3%, to a share of 11% and 9%. Overall, the projection
suggests that grow on average will be at around 3% per year with declining rates in many countries. The OECD’s GDP growth rate is
projected at about 2% annually until 2060, and growth in emerging economies will continue to outpace the OECD, but the difference will
narrow over coming decades as income levels in emerging economies catch up to those in the OECD. Figure 11 present the forecasts

43

OECD, Global Trade and Specialization patterns over the next 50 years
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Figure 10 - share in global exports, 2012 and 2060
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Figure 11 - Percentage of world GDP, 2010 and 2060
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Over the next 50 years income gaps among countries will narrow. Rapid GDP growth in emerging economies is matched by a tendency of
GDP per capita to converge across countries. Between now and 2060, GDP per capita (measured in 2005 PPPs) in India, Philippines and
some African countries will increase by more than 7 times, while the increase is around 5 times in Indonesia and China. Over the same
period, living standards will roughly double in the highest-income OECD countries. This will lead to a richer and more equal distribution of
world income among countries. These forecasts predict that economic wellbeing will stop being an elitarian privilege. Growth will become
inclusive and will spread worldwide. Since the openness of world economy is not a process that can be stopped convinently 44 and it will be
certainly enhanced by currently existing agreements, Going for Growth suggests to ride the wave instead of fighting the tide. Enhancing
trade capabilities and being able to attract FDI become essential resources.
Trade entails also specialization patterns. Growth in global commerce has been accompanied by an increasing internationalization in
production which led to an increaseing country sector-specialization in manifacturing or services. China, India, other Asian economies and
Africa are projected to become the dominant player in manufacturing while most OECD countries will lose ground. In totlal, by 2060, nonOECD countries will be able to account for 55% of total manifacturing export against the 35% of today. As developing and emerging
countries become wealthier, they will be able to shift their resources towards more advanced activities. China and India will increase their
share in service trade mostly at the expenses of United States, Japan and United Kingdom. In the energy sector, a marked shift in the
global distribution of trade is expected to occur over the next half century. The trade share of the United States in world energy exports is
expected to more than triple by 2060, at the expense of the Middle East and the Russian Federation. This large gain reflects investments in
44

Multilateral liberalization on average would be able to bring an additional 1.2% to world GDP in 2060
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technologies to extract and develop new sources of shale gas and oil as compared with the exhaustion of conventional natural reserves in
other parts of the world. World’s agriculture exports will become more dependent on the United States and Asian productions at the
expenses of Latin America and Africa. Figure 12 illustrates the Countries’ share in world exports by industry in 2010 and 2060.
Figure 12 - Share of exports by region and market 2010-2060
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Trade, together with the domestic demand, will shape also the internal industrial structure of emerging and developing
countries’industries. By 2060 the role of Chinese agriculture in terms of value-added shares will reduce to one-third of the actual level
while an expansion will occurr almost in all the other sectors apart from energy. India will follow the exact same trend. Both China and
India will experience an increase in the contributiion of financial and business sectors. Overall, emerging countries will tend towards the
OECD model of industry shifting their production towards services, away from low skilled manufacturing. For the next five decades, the
industrial structure is predicted to remain stable within OECD countries.
Figure 13 - Value-added shares of different sectors in China and India, 2010 and 2060
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These patterns of specialization will make China and other Asian countries able to account for as much as 70% of world exports in
electronics by 2060. The world centre of nanotechnology and many other high-tech sectors are predicted to shift as well. International
trade induces countires to become more focused on their comparative advantages. It pushes emerging and developing countries in
refocussing the production on the upstream phase (Innovation and R&D) abandoning the old model of sponge-absorption and imitation.
Science-based creativity is already the main pillar of the South Korea’s, China’s and Singapore’s long term strategic plans, and many other
countries are going to follow the same approach in the near future.
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2.2.4 The role of expectations: triggering international cooperation in R&D
Over the next five decades, the world economy will be shaped by radical changes entailing GDP and Trade distribution. The shifts
described in the previous paragraph are already happening fastly and abruptly as China’s miracle growth suggests. Two classical
“opponents”, OECD and non-OECD countries, are converging both in terms of wellbeing and strategic development policies. On the one
hand, OECD countries, under the pressure of declining labour productivity and declining shares of trade and GDP, are called to invest more
on innovationion to preserve their leadership. Further commitment towards the upstream phase of production is the key to keep up with
the times and maintain a central role. On the other hand, non-OECD countries, especially Asian countries,after periods of experimentation
are trying to abandon mimicry to rely on innovation as cardinal line for long-term growth. This strategy has already showed some results45
in the recent past and, is going to be even more fruitful in the future by sustaining trade and GDP expansions and, by supporting the
increasing role of MFP. Overall, further commitment towards science and technology, research and development and human capital, will
characterize the world economy by spreading everywhere under the shape of local specialization patterns. In an increasingly
interconnected and wealty world, science and technology breakthroughs happen everywhere. Cooperation in R&D in the future will
become even more profitable than today by transecting international boundaries and involving researchers from multiple nations.
Specialization patterns in production and trade will profoundly influence the local scientific output by narrowing the research field and
deepening the local know-how and know-why. Countries with different curiosities and expertise will find profitable to engage in R&D
colalboration thanks to the fluorishing of synergies, complementaries and new multidisciplinary sciences. Furthermore, pretending that
the projections described in the previous paragraph represent an exhaustive picture of the current information of countries over the
future development of the world economy, countries’ R&D and innovation efforts become self-reinforcing processes. All the players know
that innovation is the key to stay at -or to reach the- edge of world economy and that R&D, indivudually and cooperatively, is the mean. In
such a context, the prevision of each others’ behaviours strengthen the needing to invest more in the prearranged plan and brings to the
self-fulfillment of expectations.

45

In chapter 3 it will be shown that China’s miracle growth has been characterized by a large dependence on technology. Capital and labour accumulation played an important role as
well, but, contrary to common beliefs, they were not the main source of growth
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Chapter 3
3.1 China
3.1.1 History: S&T policies from the 1950s to 2006
At the China's Entry into World Markets Conference held at the University of Adelaide in August 1985, Richard Conroy divided the Chinese
46

Technology Import Policy between 1950 and 1985 into five phases.
China’s 1st phase (1950s)
During the 50s China intensively imported from Russia and Eastern Europe the machinery needed to run the heavy industry. Bargaining
was conducted on a government to government basis and most of the time China benefited from long-term credit extension by the
supplier country. Interestingly, the import of technology was integrated by material aid, advices, project-cooperation and knowledge
development: technical, scientific and managerial skills were accumulated by the Chinese workforce at the point that by the end of the 50s
China could duplicate the Russian plants and produce them domestically. The fruits of this cooperation were promising and China tried to
extend the collaboration to the 60s to keep them high. Despite the two countries signed many agreements, Russia halted its supply due to
the deepening of conflicts in ideology and national interests. Nonetheless the contribution had been precious, in the words of Richard
Conroy: This set of plants .. forms the backbone of current industrial modernisation endeavour.
China’s 2nd phase (1960s)
China had to face the 60s with a number of uncompleted projects and a lack of technology supply. The country started importing from
Europe and Japan but at low levels because of the sanctions imposed by capital economies and the closure of Chinese culture. As a
consequence knowledge spillovers were smaller than in the 50s. The country tried to create its own supply but as a result it was just barely
able to fill the holes with the leftover of the Russian teaching. Moreover there was no general strategy, no particular sector was favoured.
Small results were achieved but their progresses were hampered by the revolution at the end of the 60s.
China’s 3rd phase (1970s)
The Cultural Revolution of 1966-1969 disrupted imports; in this short period of time the imports policy was believed to be wrong and
greater emphasis was posed on domestic capabilities to build indigenous technology. But at the time Chinese industry was chaotic and
specialised back-up was virtually non-existent; henceforth a new import plan worth $4.3 billion was set up for the period 1973-1977. The
focus was over the chemical and petro-chemical industries. Plants and Equipment were furnished by European subsidiaries of Japanese
and American companies. These companies, similar to Russia in the 50s, cured the launch phase of the material supplied by providing
training and advices. The plan had a series of drawbacks:

The absence of coordination between the import and the development policies led to the acquisition of foreign equipment
heavily dependent on raw material and energy, beyond the Chinese capacity;

China imported entire plants, not the know how behind them;

China imported backward plants with respect to advanced countries’ standards.
The second point is the main criticism to the Chinese S&T policy of the time: China imported huge amounts of equipment but the
investment in the absorption of foreign know-how has been low with respect to the investment in foreign productive capacity.
China’s 4th phase (1978-1981)
The 4th phase started in 1978 and was mainly a replica of the 3rd one but on a larger scale ($12.4 billion) and with focus on metallurgical
and chemical industries (accounting for 74% of the technology imports). Again, energy investments were insufficient to cope with demand
and backward plants were bought again. Lack of planning was evident. In 1978 contracts worth $6.4 billion were signed with foreign firms;
half of them were concluded in the last ten days of the same year. All these problems eventually resulted in cancellation of some projects
and a scaling-down of others. This fiasco led to a fundamental reassessment of the scale and role of technology imports in future
47

development strategy, and a drop in technology imports in the early 1980s .
China’s 5th phase (1981-1985):
At the beginning of 80s a new plan was realized and a big part of the 4th phase’s planned imports was dismissed. Chinese authorities
recognized two important things:

Past policy had been a failure and Chinese technological base was backward

An ‘open-door' policy with a major focus on technology imports was necessary
On the basis of these premises, a plan was finally published in 1982 covering the period 1983-85. It was based on two points:

Expanding export; to be accomplished by increasing the proportion of imported raw material and buying from abroad the
48



technology needed to re-equip the Chinese old plants
Stimulating Direct Foreign Investment (FDI) in China and make greater use of foreign loans

The overall policy was forward-looking, ambitious and radically new in its core. China relied even more on international forces and
reversed its technology policy from plant acquisition to plant modernization and know-how absorption. A radical departure from the
49

previous plans was also the import density: for the period 1983-1985 3000 projects were planned against the 158 of 1979-81 . The latter
46

Richard Conroy , China’s Technology Import Policy
Richard Conroy , China’s Technology Import Policy
Note that re-equipment is different from importing an entire plan; the latter being the Chinese strategy in previous plans.
49
Data are not sufficient to allow comparisons of monetary values
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measure was taken in order to spread technology over the country, among small to medium size enterprises, without concentrating
resources into few big firms as in the past. This policy change hit also the administrative structure of China allowing decentralization: the
government, in order to speed up the effects of the reform, granted Shanghai and Tianjin greater power to select and administer projects
without direct reference to central authorities.
In 1985-2006 China produced remarkable efforts to become an innovative player in the global market and achieved important results.
Despite this, at the end of this period there were still four critical problems that the government had to solve:

The country adopted a “market for technology” strategy: multinational companies were stimulated to transfer technology in
return for market opportunities. It helped China become a manufacturing superpower but at the expenses of weak
performances of indigenous commercial technology and patent records

The infrastructures remained inadequate and insufficient to sustain development. Structural problems afflicted energy, water
and resource utilization, environment protection and public health

China failed in modernizing its military capabilities. The few achievements it reached depended largely on imports. The country
started appreciating the important role of dual-use technologies (civil and military) but export restrictions of foreign suppliers
did not allow China to rely on external know-how

Chinese science at large climbed the international rankings under many dimensions but quantity and not quality led to this
success. Structural problems, such as a lack of tolerance for creative failures and a tendency for quick results afflicted the
country

3.1.2 R&D Policy
In January 2006 China published a 15-year Medium-to Long-Term Plan for the Development of Science and Technology (MLP). The country
set its S&T priorities and strategies in order to become an “innovation-oriented society” by 2020 and a world leader in science and
technology by 2050. The plan represents a rupture with the past, both on the governance and policy dimensions. The governance owe its
novelty to a new style openness, apparent within the plan’s preparation phase: 20 working groups composed by social scientists and
foreign scholars were set up in order to discuss 20 topics of strategic research for the future. In the past, S&T planning was a completely
closed process. The working groups faced topics ranging from agriculture to public security. They culminated in a coherent vision that led
to the identification of priority projects and the mobilization of resources. The four critical problems, presented in the end of the previous
paragraph, received special attention; the solutions designed to address them broke with the past:

Government realized that intellectual property was the key for a privileged position in the global markets. China had to set its
own standards and generate its own knowledge. Innovation had to be indigenous

China’s development requirements of energy and its environmental problems had to be tackled with investments in green
energy

Dual-use technologies had to be produced locally

A culture of science had to be introduced to improve the quality of R&D
Zixhy chuangxin (Indigenous innovation) was intended as an entity composed by three core principles: genuinely original innovation,
integrated innovation, the fusing together of existing technologies in new ways; and reinnovation, which involves the assimilation and
improvement of imported technologies. These principles guide strategic choices in 11 key areas and 8 areas of frontier technology as
illustrated from table 3.
Table3 – MLP’s key areas and areas of frontier technology

Key Areas

Agriculture
Energy
Environment
IT industry and modern services
Manufacturing
National Defense
Population and Health
Public Securities
Transportation
Urbanization and Urban Development
Water and Mineral Resources

Frontier Technology

Advanced energy
Advanced manufacturing
Aerospace and Aeronautics
Biotechnology
Information
Laser
New Materials
Ocean

Source: Cong Cao, Richard P. Suttmeier, Denis Fred Simon: China’s 15-year science and technology plan

The plan is enriched by 13 engineering megaprojects and 4 science megaproject funded, conceived and directed by the government:
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Table 4 - MLP’s engineering and science megaprojects

Engineering megaprojects
Advanced numeric-controlled machinery and basic manufacturing
technology
Control and treatment of AIDS, hepatitis, and other major
diseases
Care electronic components, high-end generic chips, and basic
software
Drug Innovation and development
Extra-large scale integrated circuit manufacturing and technique
Genetically modified new-organism variety breeding
High definition Earth observation systems
Large advanced nuclear reactors
Large aircraft
Large-scale oil and gas exploration
Manned aerospace and Moon exploration
New-generation broadband wireless mobile telecommunications
Water pollution control and treatment

Science megaprojects
Development and reproductive biology
Nanotechnology
Protein Science
Quantum Research

Source: Cong Cao, Richard P. Suttmeier, Denis Fred Simon: China’s 15-year science and technology plan

The MLP calls for an expansion of basic research, to include development of new disciplines and interdisciplinary areas, science frontiers,
and fundamental research in support of major national strategies. Although agriculture, energy, the environment and health receive
unprecedented attention in the MLP, the physicial sciences underlie many priority areas such as new materials. Most of the 12 engineering
megaprojects are directly related to the physical sciences; the program in core electronic components, high-end generic chips, and basic
software is an example. Physical scientists will also play an important role in the development of frontier technologies, and two of the four
megaprojects – quantum research and nanotechnology- are in the physical sciences. Moreover, protein science, another science
megaproject, will take advantage of modern facilities built for nuclear magnetic resonance analysis. Another important component of the
overall strategy is the development of a national network of public and private research centres. Through it, China wants to centralize the
role of industry and small to medium enterprises in the national innovation and creativity system. Other measures in this direction are
preferential taxation, the development of high-technology industry zones and the strengthening of the efficiency of public spending. Also
human capital received great attention. The plan recommends the cultivation of world-class senior experts, the recruitment of talents
working abroad, an expanded role for scientists and engineers in industry, reforms in education to support the goals of greater creativity
and innovation, and the strengthening of intellectual protection.
The 12th economic plan
China elaborates five-year economic plans to guide its economic policies. The 12th plan, released in March 2011 for the period 2011-2015
(the 13th is still object of discussion), is the one currently running. The plan identifies its main objective in the wellbeing of its inhabitants
and their expectations, the latter already partially lived up by the endeavours in opening up and reforms. The scientific development is
said to be the theme and economic growth the cardinal line. Primary importance is given also to the social welfare system: providing equal
public services to all the citizens and implementing redistribution policies are on the agenda. Key themes of the plan are sustainable
growth, moving up the value chain, reducing disparities, scientific development, environmental protection, energy efficiency and domestic
consumption. Overall, apart from generic indications, specific economic and innovation targets for 2015 have been set:

Reach an annual GDP growth of 7%;

Increase Urbanisation to 51.5% against its previous level of 47.5%;

Increase the weighing of the service sector on total GDP to 47%;

Increase GERD to 2.2%;

Hold inflation below 4% per year;

Reach the 3.3 patents per 10000 people level50;
China committed itself to increase the impact on GDP of the following sectors from 2% to 8% by the end of 2015

New Energy ( Nuclear, Wind and Solar Power);

Energy conservation and environmental protection;

Biotechnology (Drugs and Medical devices);

New materials ( Rare earths and high-end semiconductors);

New IT (Broadband networks , Internet security infrastructure , network convergence);

High-end equipment manufacturing (Aerospace and telecom equipment);

Clean Energy Vehicles.

50

The target has been abundantly overtaken. In 2013 the patents per 10000 people were already 4.02.
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BOX 1: Where does China’s miracle growth come from?
Innovation is the engine behind China’s plans for growth. It has not always been so; efficiency and innovation are a luxury that only well developed or
well-developing countries can prioritize. Countries need to be already locked in the right path before becoming more efficient and innovative. It is
commonly believed that the Chinese growth path confirms this tale but recent studies suggest that China’s boom has always been led by technology
progress. Wrong common beliefs are due to the capital and labour accumulation processes that spread across the country since the mid of the 1970s
overlapping with the miracle growth. They accompanied growth and they are thought to be the cause of it. In fact, around the mid of 1970s about 70%
of the workforce was still employed in the agricultural sector because of institutional frictions that didn’t allow the economy to allocate its resources
towards more profitable sectors. Through time these constraints were relaxed and the economy moved towards more productive industries. Between
1978 and 2007, the state sector’ share of total non-agricultural employment declined from 52 percent to only 13 percent. At the same time, the nonstate sector’s share of non-agricultural employment increased from 50% in 1978 to 80% in 2006. Capital accumulation showed a similar pattern;
between 1978 and 2007, the aggregate investment increased almost constantly from 21% to 40% of GDP. The share of aggregate investment as a
a
b
percentage of GDP is so high today that Blanchard and Giavazzi suggests it is too big for China’s economy . According to their study, capital
accumulation over the years has been sustained by high private and public saving rates. In 2003 the saving rate of the economy was 43.2% against the
20.3% of low-income countries, 20.4% of middle income countries and 23.9% for upper-middle income countries. On a yearly basis, savings increased
by 6% between 1991 and 2003. Although these data shows how capital and labour accumulation went through important shifts over the years, the
c
belief that they explain the larger part of China’s growth in the last three decades appear to be false. Loren Brandt and Xiaodong Zhu performed a
growth accounting exercise which sheds light over the economic expansion. They identify rising TFP in the non-state non-agricultural sector as the key
driver of growth between 1978 and 2007. Without the TFP growth in the non-state sector, the growth rate of labour productivity in the non-agricultural
sector would have been reduced by 4.65 percent per annum, and the growth rate of GDP per worker in China would have been reduced by 3.79 percent
per annum. Contrary to expectation capital and labour accumulations have not been the unique responsible of the Chinese take-off. Technology
appears to have been a major factor in triggering country’s growth. As the previous paragraph showed, technology progress didn’t happen always in the
same fashion: China passed from being heavily dependent on technology imports in the 1950s to become an innovation-oriented society by the mid2000s.
a

Oliver Blanchard, Francesco Giavazzi, Rebalancing Growth in China: a Three Handed Approach
The golden rule prescribe to fix (assuming it is practically possible) the saving rate of the economy at a certain level in order to maximize consumption. The rule can be derived
analytically in the Solow-Swan model.
c
Loren Brandt, Xiadong Zhu, Accounting for China’s growth
b

3.1.3 International cooperation in R&D
The Chinese budget for international R&D projects grew more than 3 times between 2009 and 2014. The number of international projects
undertaken locally and abroad approximatively doubled between 2009 and 2013; much of this growth can be explained by looking at the
number of international R&D projects undertaken in the national territory which more than doubled (passing from about 60,000 in 2005
to about 140,000 in 2013). These trends can be observed in figure 17.
At the end of the 8th National Foreign S&T Affairs conference, five major shifts in the international R&D cooperation policy had been
planned:

Shift from general international S&T cooperation to cooperation focused on the needs and mission of the MLP—from passive
to pro‐active

Shift from project‐based collaboration to the integration of projects, talent and R&D bases

Shift from tech import orientation to a combined process of inviting in & going abroad

Shift from cooperation driven by government to cooperation driven by multiple players

Shift from bottom up to top down project identification and approval according to outline and requests of the MLP
The subsequent National Foreign and S&T Affairs conference identified 4 major tasks

Strengthen the level and design for S&T cooperation between government;

Expand the opening up of national S&T planning;

Further enhance the role of China in major international S&T affairs;

Innovate S&T assistance mode; launch and implement Technology Partnership Program.
Today there are a number of platforms and bilateral & multilateral agreements constitute the basis of the Chinese international
cooperation. New platforms include:

International innovation parks;

International joint research centres;

International R&D outsourcing services;

International technology transfers centres;

International Business Incubators
New bilateral and multilateral initiatives include:
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US‐China CERC: a pet project of Wan Gang;
Sino‐Russia High Level S&T Engagement;
Sino‐Russia High Level S&T Engagement;
China‐EU S&T Partnership Plan;
Sino‐Korea S&T Minister’s Meeting;
China‐Korea‐Japan “trilateral” research coop;
China‐India S&T Cooperation Steering Committee;
China‐Latin America Innovation Forum;





China‐Africa Forum on Science and Technology;
China‐Arab Cooperation Forum;
SCO‐Central Asia S&T cooperation.

Figure 17 - Budget for International R&D cooperation and number of international R&D projects
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New international S&T projects include:











International Thermonuclear Experimental Reactor (ITER);
Galileo
Integrated Ocean Drilling Program (IODP);
Fourth Gen Nuclear Energy (GIF);
Global Earth Observation System (GEOSS);
CERN
Large Hadron Collider (LHC);
Human Genome Project (HGP);
Alpha Magnetic Spectrometer (AMS);
World Climate Research Program (WCRP);

A description of the new platforms and the most important bilateral initiatives follows.
New Platforms
China piloted special economic and technological zones to develop international collaboration and experiment with policy design.
International Innovation parks as the Qingdao Hi-tech Industrial Park, the Suzhou Industrial Park, the Tianjin Eco-city, and the
Zhongguancun Science Park in Beijing, are recent examples. Currently, China planned to build 21 international innovation parks. The most
famous Chinese technological innovation zone, Zhongguancun, emerged in Beijing due to its proximity to important universities, such as
Peking University and Tsinghua University, and national technical research institutes. Zhongguancun is an innovation and entrepreneurial
base for overseas talents. With more than 5,000 enterprises with at least 15,000 overseas returnees, it is recognized as the Chinese Silicon
Valley. In 2000 the park attracted 25% of total government funding for science and technology research. Haidian Park,
within Zhongguancun technology zone is now widely known as the home of many of China's most successful entrepreneurial
companies. In 2010 it was designated as China’s first hi-tech international collaboration base by the International Cooperation
Department of the Ministry of Science and Technology. Over the last few years since its founding, Haidian Park has made great endeavor
in building a new type of platform for network services. It was the first amongst hi-tech parks to unveil fresh policies to accelerate
entrepreneur internationalization. It has established a cooperative model with domestic and foreign media outlets to make itself known
worldwide as well as a long-term cooperative mechanism with world-famous science and technology parks, and Chinese and foreign
professional organizations, association, and alliances. Years of painstaking efforts have turned Haidian Park into a multi-layered
international cooperative system based on a network platform and guaranteed by a policy system via the means of media dissemination
and international exchange and cooperation.
International joint research centres are another opportunity for international collaboration. They aim at conducting joint research
programmes, conferences, workshops and symposia with international partners. They also promote the exchange of personnel and
information sharing. Great examples are the Australia-China Joint Research Centres for energy, light metals, wheat improvement, river
basis management, materials and minerals & metallurgy. These programs are backed by the Australia-China Science and Research Fund
(ACSRF). The ACSRF builds critical mass in areas of strategic priority and supports enduring partnerships between Australian and Chinese
researchers. The ACSRF will also facilitate activities that encourage the application and commercialisation of research outcomes to the
mutual benefit of both countries and provide early career researchers the opportunity to gain relevant Australia-China research
experience.
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The China International Technology Transfer Center (CITCC) is a platform set up to promote the global technology transfer between
universities, research centres, science parks, industrial clusters and public organization. It has been created in 2011 and has its
headquarter in Haidian Park, inside the Zhongguancun technology park. CITTC is the organizer of the Beijing International Technology
Transfer Convention (ITTC), a matchmaking event able to attract national stakeholders, such as governmental agencies, hi-tech
enterprises, research institutes and universities, as well as international stakeholders, as the 4000 representatives from 40 foreign
countries that participated at the convention of 2014. Through the previous three events, over 500 cooperation intentions have been
reached, and contracts of 60 projects worth over 50 CNY billion have been signed. CITTC has also realised an online system, Business to
Business (B2B), enabling international companies to establish tech partnerships with Chinese enterprises. B2B is both a database and a
communication system. Firms use it to post tech requests and to connect automatically to potential Chinese partners. China offers also
many opportunities of R&D outsourcing, in particular, in the pharmaceutical, biotechnology, and medical device industries. According to
51

JZMed , a market research firm specialized in pharmaceutical outsourcing, by 2017, China and India will account for 10% of the global
52

Contract Research Organizations (CROs). The global market of CROs in 2015 was valued $42 billion and it is expected to grow by 9% per
year for the next 10 to 15 years. At present the most popular services offered by the majority of Chinese CROs are early-phase drug
discovery research. Only few are able to provide advanced discovery research services. China is currently leading in drug testing in large
animals such as nonhuman primates, as a large number of Chinese CROs possess good capability in this area. MNCs are attracted by the
opportunity of outsourcing part of their R&D into China because of the fast growth of the Chinese pharmaceutical market and the fast
catching-up of skills and experiences of local scientists. Current studies show that the Chinese CRO industry is worth $1.58 billion, growing
by 31% in the past five years. Hi-tech International Business Incubators (HTIBI) offers reliable, high quality alternative to in-house
resources for international business development, market development, distribution strategies and channel development on an
international scale of hi-tech products. These programmes offer foreign clients the opportunity to access Chinese markets, and, Chinese
clients, the opportunity to develop their business in international markets. HTIBI is an international business incubator, a joint venture
corporation comprising Beijing Hi-tech Innovation Service Center (BHSIC) and foreign organizations. The BHSIC is the leading incubation
center in China with a nationwide cooperation network of more than 600 business incubators. The German shareholder, the Center of
Technology and Innovation Management (CeTIM) is a well-known international research and education institute specialized in
management of technology, innovation and strategic change. The French shareholder Keynetwork International has rich experience and
strong competence in cross-border investment and international business consulting; also has a large business network in Europe, North
America and Asia. With its background and resources, HTIBI has established an international network for business incubation, which
densely covers China and connects the world, to build a platform for international development of global small and medium-sized
enterprises(SMEs) in hi-tech fields such as ICT, Bio-pharmaceutics, energy saving and green technology, etc. HTIBI headquarters is
strategically located at the heart of Zhongguancun Science Park.
New bilateral and multilateral initiatives
The most important initiatives are the US‐China CERC and the China‐EU S&T Partnership Plan. In November 2009, President Barack Obama
and President Hu Jintao announced the establishment of the $150 million U.S.‐China Clean Energy Research Center (CERC). The Protocol
formally establishing the Center was signed by the leaders of the US Department of Energy, the Chinese Ministry of Science and
Technology, and the Chinese National Energy Administration. CERC continues to enjoy high‐level support in the new administrations of
both countries. In November 2014, it was announced the extension and expansion of CERC, to add a new technical track on energy and
water research. The project facilitates joint research and development on clean energy technology by teams of scientists and engineers
from the United States and China. It has broad participation from universities, research institutions and industry, supporting more than
1,100 researchers, with more than 100 US and Chinese partnering entities. Apart the new-Energy-Water tracks, CERC research on
advanced coal technologies, clean vehicles and energy efficiency.
The Chinese-European cooperation has been strengthen in 2013, when the Chinese government and the EU signed the China-EU 2020
Strategic Agenda for Cooperation, confirming the common goal of the EU and China to cooperate on peace and security, prosperity,
sustainable development and culture exchange. The Agenda outlines key initiatives to achieve the common goal for each area. Science,
technology and innovation (S&T&I) are emphasized as a part of key Initiatives on sustainable development. Based on the funding source,
the major programmes facilitating the EU-China cooperation in S&T&I are generally divided into the EU Framework Programmes (Horizon
2020) and Chinese national research & innovation programmes, such as the National High-Tech Research and Development Programme
(863 Programme) and National Basic Research Programme (973 Programme). China is a specific target of some Horizon 2020 calls:
Demonstrating and testing innovative solutions for cleaner and better urban transport and mobility, International cooperation in
aeronautics with China, Advanced 5G Network Infrastructure for Future Internet, Water Innovation: Boosting its value for Europe,
Supporting Joint Actions on demonstration and validation of innovative energy solutions, etc. To implement the co-funding mechanism
highlighted in the Joint Statement of the 17th EU-China Summit of June 2015 , building on Horizon 2020 on the EU side and relevant
research and innovation programmes on the Chinese side, during the period from 2016 to 2020, the European Commission expects to
continue spending over 100 million Euros per year for the benefit of Europe-based entities in joint projects under H2020 with Chinese
participants. China will match corresponding resources and expects to spend 200 million RMB per year for the benefit of Chinese based
entities that will participate in joint projects with European ones under Horizon 2020. The co-funding mechanism aims to support joint
research and innovation activities on topics in strategic areas of common interest and mutual benefit, such as food, agriculture,
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JZMed, The New Trends of Drug R&D Outsourcing in China and India
Compound annual growth rate (CAGR)
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biotechnology, green transport – including aviation –, sustainable urbanisation, information and communication technologies, energy,
53

health and mobility of young researchers .

BOX 2: Calibrating China perception on the international scene
In some occasion GERD intensity can be inadequate to summarize countries’ efforts in R&D. Since it gives a snapshot of governments’ intervention in
relative terms, it is meaningless for absolute magnitude comparisons without further information. China offers a great example on this issue. As shown in
figure 14, an international comparison performed through GERD intensity does not reveal China’s commitment to innovation.
Figure 14 - Country comparison on national GERD intensity 2000-2013

Although the plot shows an increasing Chinese GERD (from 0.9% of 2000 G DP to 2.3% of 2013 GDP), overall, it suggests that between 2010 and 2013 China
lagged behind. For example, in 2013, Chinese GERD was below the OECD average of 2.3% and China allocated to R&D just half of the proportion expended
by Korea and Israel. Plots like this are not encompassing enough to express any judgements: they do not take into account the miracle growth China
experienced in the last decade and the magnitude of Chinese GDP.
To have a complete picture it is necessary to examine absolute values, as figure 15 does (next figure). Figure 15 shows R&D expenditure of China, Japan and
United States between the years 2000 and 2024 in USD million. The expenditures after 2013 have been estimated by projecting current countries’
performances in the future. It can be observed that Chinese GERD will overcome U.S. GERD by 2018 and that in 2012 it was already two thirds of the U.S.
level. Contrasts between relative and absolute indicators make China looks either backward or innovative. Another example is the total number of
researchers per thousand total employment in 2013: it was just 1.93, very low if compared to other countries as EU 15 (8.47 researchers per thousand total
employment). Despite this, Chinese R&D personnel grew at an impressive rate in the last decade, averaging 10% each year between 2000 and 2013, almost
reaching the EU (15) level of1520512.3 Full Time Equivalent (FTE). To appreciate the Chinese commitment to innovation is necessary to do not overlook
relative indicators.

The top three patent offices in 2013 were China, with 825,136 filings, followed by the US (571,612) and Japan (328,436). The gap between China and the
other offices has widened considerably since 2011, when China’s State Intellectual Property Office (SIPO) became the world’s top office in terms of patent
filings received. Figure 16 allows appreciating the increasing Chinese efforts in patent production; it shows that the number of patent filled in 2013 was 45
times the 1999 level.
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Source: European Commission
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3.2 India
3.2.1 History: Economy liberalization
India’s post-Independence54 development strategy was both inward looking and highly interventionist. Import protection, complex
industrial licensing requirements, financial repression and public ownership were the main traits of the economy. Overall, the
macroeconomic system remained stable until the mid-1980s but, in the second half of the decade, India started a partial process of trade
and financial markets liberalization to sustain the shift from import-substitution based growth to export-led growth. Export growth was
rapid thanks to deregulation measures and the depreciation of the rupee: between 1984 and 1989 it increased at an annual rate of
14.3%55. However, imports, triggered by domestic petroleum consumption and an increasing demand for foreign aircraft and defense
capital equipment, increased even faster and led to a deterioration of the current account deficit. This imbalance was financed mainly by
borrowing on commercial terms from foreign investors and increased remarkably the dependence on short-term maturity financing: the
country became more sensitive to markets’ confidence, and as such, to internal and external shocks. In 1991 India risked to collapse under
the cross-fire of three major events

The collapse of the Union of Soviet Socialist Republics (USSR);

The oil crisis;

The 1989 ousting of the prime minister and the subsequent neglect of economic policy.
The USSR was the major importer of Indian products; in 1989 it accounted the 15% of India’s exports. Its collapse in 1991 slowed down
Indian export. The oil crisis, starting on July 1990, in less than three months brought to a 135.8% increase in the crude oil’s price; the 11%
of India’s imports in 1989 was crude petroleum. After the ousting of Minister Rajiv Gandhi for a series of scandals, political uncertainty hit
the country and the industry lacked public support.
These three events led the country towards a balance of payment crisis: the country was not anymore able to finance its imports with
exports. It was a turning point for the Indian economy: in July 1991, India opened up to the International Monetary Fund (IMF) program
that led through the adoption of a major reform package. Through time the country realized remarkable piecemeal and incremental steps
through a path of slow and steady liberalization. Following the reforms of 1990s the Indian economy enjoyed a strong growth: between
1991 and 2013 the Country registered an annual compound GDP growth rate of 9.12%56. Real per capita GDP grew from 3.6% in 1990s to
5.4% in the 2000s and surged to 7.42% in 2014. Five major facts characterized Indian growth over the last 25 years:

Services led growth (the service sector accounted 43% of GDP in 1991, 57.9%57 in 2014 and in the 2000s it has been responsible
of the 80% of GDP growth);

Increasing trade dependence (between 2000 and 2013 the compounded exports and imports growth rates were 15.88% and
18.21%58);

Services exports grew faster than goods exports and crucially depends on IT and IT-Enabled Services(ITES) (IT and ITES accounts
for about 45% of services’ exports);

India has lion’s share in the Business Process Outsourcing (BPO) and in computer and information services (CIS) (In the global
markets, in 2012 Indian BPO and CIS respectively accounted 37%59and 24%60);

FDI, both inward and outbound surged over 100-fold (in FY 2014 inflows and outflows accounted respectively $34.4
billion and $9.8 billion61).
S&T policy in the pre-reform era
In the pre-economic reform era, science and technology was the subject of a rather broad consensus that drew support from the entire
political spectrum and all the society. It was generally agreed that S&T was a key element for national economic growth and the
improvement of the material conditions of the population. Jawaharlal Nehru, prime Minister of India between 1947 and 1964, advocated
also the importance of the scientific outlook for the development of a new ethos and world-view that would have privileged rationality
and critical attitude: Science has brought all these mighty changes and not all of them have been for the good of humanity. But the most
vital and hopeful of the changes that it has brought about has been the development of the scientific outlook in man 62. The broad
consensus was closely linked to the paradigm of self-reliance: the control of scientific and technological knowledge was believed to be the
main ingredient for a significant presence in the world economy and to avoid the perils of dependence that characterized India during the
colonial era. The rhetoric of indigenous developed S&T shaped the R&D policy for several decades and allowed the achievement of
important results; by the 1980s India had developed S&T infrastructures that few developing countries could be proud of:

A nuclear energy sector with independent capabilities;

A space sector moving from semi-experimental status to establishing strengths in communication infrastructure, and remote
sensing capabilities;

A chain of industrial laboratories that covered a wide range of fields, from lather technology to modern biotechnology

A network of defense research laboratories;

54

India obtained independence in 1947
The Observatory of Economic Complexity (OEC)
World Bank
57
Cia World Factbook
58
The Observatory of Economic Complexity (OEC)
59
Nasscom
60
UNCTAD, Twenty Years of India Liberalization
61
UNCTAD, Twenty Years of India Liberalization
62
Jawaharlal Nehru, first Prime Minister of India.
55
56

Page | 29




A national research agriculture system that increased productivity and products’ s varieties;
A system of medical research and teaching institutions in several areas of medicine.

The policy of self-reliance sustained many of the aforementioned achievements, but, paradoxically, even its violation played an important
role for India’s development: whenever macroeconomic conditions permitted, the Country relied on technology imports. As the Mudaliar
Committee Report of 1966 clarifies, at the time the choice – whether to rely on foreign technology or not - was between the needs of a
diversified industrial base and the desire to improve an inadequate technical base. Since economic growth was reputedly more important
than the building of indigenous technical capabilities, the country allowed technology imports. Over time the Indian industry absorbed
foreign technology, mastered, adopted and used it under the local conditions. Overall, the apparent conflict between self-reliance and
technology import is reflective of the concept of endogeneity treated in chapter 1. On the one hand, India was conscious that needed its
own technical base in order to achieve sustainable growth; on the other, it recognized that its technical base was insufficient to spur
growth and that an external impulse (foreign technology) was needed to boost the economy and allow indigenous technology to progress.
The pre-reform era was also characterized by substantial investments in high education and basic research infrastructure. Higher
education in science and technology grew with the establishment of the Indian Institutes of Technology (IITs) and a network of other
engineering institutions, among which, Industrial Training Institutes and polytechnics provided skilled manpower. The country developed
basic science capabilities especially in chemistry and molecular biology. Still today, they underpin India’s development by sustaining the
flourishing pharmaceutical industry.
Despite the high number of remarkable achievements and the continuous efforts, the S&T system had several weaknesses:

A weak linkage between R&D infrastructure and the system of production;

Science was conceived only as transmission link between science and industry, but lacked autonomous activity;

Several factors induced the highly educated scientific and technological manpower to move out of the Country and serve other
nations’ requirements.
The R&D and production systems disconnectedness represented the major problem. The two systems lacked interplay for two main
reasons. Firstly, technology imports favoured know-how absorption but not innovation; secondly, while the Council of Scientific and
Industrial Research (CSIR), on behalf of the Indian Government, was able to finalize R&D with public industrial production, the private
industry used R&D just for a small l fraction of the full scale of industrial activity.
S&T in the post-reform era
The economic reform described in the first paragraph led to a deep transformation of Indian S&T. The paradigm of self-reliance in the
realm of industrial policy was the first to go. The dismantling of a wide range of industrial licensing requirements and import regulations
set the stage to put Indian technological progress under the lead of FDI and trade. Official policy moved away from economic autarchy
towards India’s integration in the global system of production. A second important shift was the progressive acceptance and adoption of
the Intellectual Property Rights (IPR) of Western economies. It was favoured by the belief that it would have sustained innovation by
expanding the markets for Indian companies and that many Indian industrial sectors had the resources to compete on a global scale. The
third shift concerned the reversal of the private and public role at the intersection between the R&D and production systems. The
secondary role that industry played in the research and development system in the pre-reform era was mainly attributed to the lack of a
proper system of IPR. The commitment towards European IPR standards and other specific measures were designed to render innovation
a natural outcome of industrial activity. The fourth shift is about coordination. All the institutions involved in public R&D were working
mostly in a standalone mode prior to the linearization of the economy in the 1990s. Since then, strong efforts have been made to harness
the innovative capabilities of these structures by connecting them to one another and to industry and society, forming an innovation
ecosystem.
After the economic reform R&D expenditure increased continuously, but sometimes not as fast as GDP, determining a declining GERD
intensity at irregular intervals. Between 1990 and 2013, GERD intensity increased from 0.74% to 0.9%. In the same time span, GERD
passed from $2.4 Billion to $45.2 billion, determining a 13% annual increase. In 2013 India was the 7th country in the world for R&D
expenditure, but lagged far behind the top three: United States ($456.98 billion), China ($336.5 billion) and Japan ($160.25 billion).

3.2.2 R&D policy
Today the government support for R&D in India is largely focussed on the 1980s achievements. Public R&D funding is directed mainly at
defence, space, nuclear energy, health and agriculture. However, as stated in a recent document of the Ministry of Commerce, the
government-led R&D has had little effect in terms of enhancing the technology depths of Indian firms. This is due to poor coordination
between R&D and industry, lack of accountability, red tape, and a poor human resource base. Presently, the industrial sector in India
spends a mere 0.54 % of its annual turnover on R&D, accounts for a mere 23% of country’s R&D expenditure and has established just
about 2500 in-house R&D centres in India.
The current national innovation system is vast and complex and comprehends many public institutions. The most important are:

The CSR, which comprehends 39 laboratories;

The Indian Council of Agricultural Research (ICAR), which comprehends 99 institutes and 17 research centres;

The Indian Council of Medical Research (ICMR), which comprehends 30 laboratories;

The Defence Research &Development Organisation (DRDO), which comprehends 58 laboratories.
There exists also many publicly funded institutions that perform research for industries related to steel, oil and natural gas, renewable
energy, coal, textiles, railways, electronics and communication, and so on. India has also about 1200 Scientific and Industrial Research
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Organizations (SIROs). The Higher-Education system is composed by 290 public and 150 self-financing universities plus 33,023 colleges.
The first group include also excellent institutions as the IITs and the Indian Institutes of Science (IISc). In the last decade, research in higher
education has been victim of scarce public funding; despite universities accounted for over 52% of total cumulative national research
publications, they were allocated just 5% of GERD. At the same time, OECD, Japanese and Chinese universities accounted respectively for
about 20%, 17% and 15% of GERD. Today, the 88% of Indian universities are just teaching institutions that do not perform R&D.
In terms of patents the country performed well, but lags far behind China. The number of patents filed by Indian entities between 2000
and 2011 went up by 443% to 15,860 (8,841 filed in India and the remaining 7,019 in other countries) and today India’s patent office is
ranked 8th in the world for patent applications (43,031 in 2013, a twentieth of the Chinese applications)63. Between 2000 and 2010, the
number of Indian triadic patents increased by 15% per year.
Together, indicators suggest that the policy reform of 1991 produced a larger national innovation system permeated by public
commitment towards the goal of knowledge but, afflicted by several important inefficiencies that slow down the overall performance. It is
a widespread opinion that the major current sources of friction for the S&T system are:

A fragmented policy and policy implementation: until today there has been no comprehensive policy focusing on innovation

An inadequate funding of R&D: 0.9% of GDP is insufficient to finance the whole research and development system. The industry
invest few resources and the university system has been largely forgotten

Difficult and lengthy funding procedures: bureaucracy and complexity reduce the access to public and private funds.

Angel, venture capital, and seed funding: Each year, about $240 million are invested by early stage venture capital and today,
about 100 angel networks operate in India. This system has a much higher potential but is compressed by a cumbersome
regulation

Weak linkages between stakeholders: Industry requires proven technologies but R&D or academic institutions usually are able
to provide just laboratory scale technologies. The exchange of manpower between industry and other institutions is uneasy; it
limits spillovers, technology transfer and mutual understanding. Overall, the triple helix system seems to be weak

Non-conducive education system: the higher-education institutions are hermetically isolated; with the few exceptions
represented by the IITs and other excellences, universities are busy at performing routine academic exercises instead of
providing solutions to industry’s problems

Poor infrastructure facilities in villages: internet, roads, rail and the availability of skilled workforce are not uniformly
distributed within the country and are not sufficient

Risk aversion among entrepreneurs: minimum risk and quick returns are the principal aim of most entrepreneurs. It incentive
the usage of established technology and discourages innovation

Inadequate protection of IPR: long waiting times and high costs render patents even unprofitable for a large part of Indian
entrepreneurs. India is still trying to import the western model of IPR.
The Government of India declared the decade 2010-2020 as the Decade of Innovation. The science, Technology and Innovation Policy 2013
outlines the major policy initiatives to strengthen the innovation ecosystem and give a boost to the development of innovation led
entrepreneurship. In particular, the new plan specifies new initiatives to face the aforementioned sources of frictions. Among them, the
new measures concern

Funding: The government targeted a 2% GERD intensity for the year 2018. The construction of a National Science, Technology
and Innovation Foundation (a public-private partnership) will serve the major role to attract private investments trying to
induce industry to raise its contribution in R&D expenditure from 1:3 to 1:1. New funds, as the small idea-smart money and the
risky idea fund will unlock new resources. The complexity and bureaucratic aspect of funding will be partially solved by opening
to fine tuning and flexibility;

Strengthening the linkages between stakeholders: The new policy aims at creating special and innovative mechanisms for
fostering academia-research-industry partnerships and at facilitating the mobility of experts from academia to industry and
vice-versa.

Promotion of science: science widespread across society will be promoted at different levels. In particular, the educational
system will receive high attention by improving teaching methods, science curricula, motivating teachers and attracting talents;

Risk taking ability: new financing mechanisms would be created for investing in enterprises without fear of failure 64;

IPR: the policy will establish a new regulatory framework for data access and sharing [and for the] creation and sharing of
intellectual property. The new policy framework will enable strategic partnerships and alliances with other nations through both
bilateral and multilateral cooperation in science, technology and innovation. Science diplomacy, technology synergy and
technology acquisition models will be judiciously deployed based upon strategic relationships 65;

Participation in global R&D infrastructure: The policy proposes the creation of "high-cost global infrastructure in some fields
through international consortia models. Indian participation in such international projects will be encouraged and facilitated to
gain access to facilities for advanced research in cutting edge areas of science. This will also enable the Indian industry to gain
global experience and competitiveness in some high-technology areas with spin-off benefits66.
The new policy will try to scale up past successful experiences and to create new paradigms for a stronger inclusive innovation. The new
strategy will promote interdisciplinary research and will prioritize initiatives in the following sectors:
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agriculture,
telecommunications,
energy,
water management,
drug discovery,
material science (including nanotechnology)
climate change
space technology

Overall, the Indian R&D system is inhabited by contrasting forces that creates a sense of ambiguity. For each particular field and indicator,
it seems possible to retrieve both positive and negative signals – another example: despite in 2013 BERD was just
of GERD, its level
increased by 250% between 2005 and 2010. The cause can be identified in the piecemeal and incremental policy that usually characterizes
the Country’s reforms. The consciousness that an abrupt transplant of the efficient Western institutions is unfeasible and perilous, bring
the inherit apparatus to coexist with the new impulses and passions, ultimately producing a mixed picture. A second element of ambiguity
concerns the role of the country inside the global framework. As the rapid growth of the IT/ITES, biotechnology, drugs and pharmaceutical
sectors through the 1990s confirms, India can find a big role in the emerging knowledge economy. But, being its strengths an affordable
scientific manpower and lower R&D costs than in other countries, it is not clear whether the final intended goal of India is to become an
equal player in the global economy or a global knowledge outsourcing destination.

3.2.3 International cooperation in R&D
In the previous paragraph, part of the following quotation has been already highlighted. It shed light over the Indian approach towards
international collaboration and here is reported extensively for its relevance: Open source discoveries for public and social good form
interesting innovation systems. Knowledge commons is an emerging theme for managing IPRs created through multi-stake holder
participation. The STI Policy will foster data sharing and access. Tapping global resources and especially Indian diaspora for accelerating
the pace of technology-led development would be pursued. Multisectoral partnerships and alliances will be leveraged for upscaling
national competitiveness in research and manufacturing. The new policy framework will enable strategic partnerships and alliances with
other nations through both bilateral and multilateral cooperation in science, technology and innovation. Cooperation in areas like climate
change and mitigating natural disasters are important and beneficial. Science diplomacy, technology synergy and technology acquisition
models should be judiciously deployed based on strategic relationships67. The Indian Science & Technology international cooperation is
managed by the Science & Technology International Cooperation Division of the Department of Science and Technology (ICT-DST).The
office has two main responsibilities:

negotiating, concluding and implementing S&T agreements between India and other countries

Providing interventions on S&T aspects in international forums
In the accomplishment of its task, ICT involves many other partners: the Ministry of External Affairs, S&T Counsellors at Germany, Japan,
Russia and USA, stakeholders in scientific, technological & academic institutions, concerned governmental agencies and various industry
associations in India. International S&T cooperation is realized at three different levels:

Bilateral cooperation with developed and developing countries

Regional cooperation

Multilateral cooperation
The collaborations in selected areas of mutual interest with different countries/organisations are materialized through various modes of
cooperation like:

Contact Building through joint workshops, seminars, symposia, exhibitions, visitation, exploratory visits, lectures by eminent
scientist and so on;

Providing Support for Joint R&D projects, mobility based exchanges, access to advanced facilities, participation in mega-science
projects;

Facilitate and Promote joint R&D clusters, virtual networked centres, multi-institutional R&D projects, catalysing creation of
joint ventures;

Promote commercial R&D and innovation through academia-industry applied R&D projects, public private partnership,
facilitating tech transfer and holding annual technology summit with partner countries.
In terms of regional cooperation India takes part in the South Asian Association for Regional Cooperation (SAARC), the Bay of Bengal
Initiative for Multi-Sectoral Technical and Economic Cooperation (BIMSTEC) and in some activities of the Association of Southeast Asian
Nations (ASEAN). Multilateral cooperation takes place mainly through the World Academy of Sciences (TWAS), the Innovation & Business
Skills Australia (IBSA), the United Nations Educational, Scientific and Cultural Organization (UNESCO), and the Centre for S&T of the NonAligned and other Developing Countries. International R&D cooperation is conducted mainly through bilateral agreements; the most
important will be examined in the following. Presently India has bilateral S&T cooperation agreements with 83 countries with active
cooperation with 44 countries. During the recent years the cooperation has strengthened significantly with Australia, Canada, China, EU,
France, Germany, Israel, Japan, Russia, UK and USA. Cooperation with African countries has also been strengthened.
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At a national level, India and Australia have been engaging in important R&D partnerships over the past few years, showing great potential
for Australia-India collaboration and joint research. Australia and India have a strong connection through the Australia-India Strategic
Research Fund (AISRF). The fund allows Australian researchers from both public and private sectors to collaborate with Indian researchers
in front-line scientific workshops and above all research-projects. The AISRF is Australia’s largest fund dedicated to bilateral research with
any country and one of India’s largest sources of support for international science68. With a total commitment from the Australian
Government of $84 million over 13 years, the Australia-India Strategic Research Fund (AISRF) is Australia’s largest bilateral science fund.
Additional $20 million AUD will be devoted by the Australian Government to the fund over four years from the 2015-16 FY. The Australian
Trade Commission has recently organised the Australia – India Innovation Forums to promote Australia as a destination for innovation and
R&D Investment amid Indian corporates. The forum was held in New Delhi and Mumbai and it focused on “Australia’s R&D capabilities
with specific focus on Australia-India collaboration, joint research, partnerships for development and commercialisation of new
technologies, products & services involving Australian research institutions & universities.
Cooperation with China in the field of S&T started in 1988 with an official visit of the Indian Prime Minister Rajiv Gandhi in China. Today,
there are two main channels: the Joint Committee on Scientific and Technological Cooperation and the Joint Forestry Cooperation Working
Group. Both rely on Memorandum of Understandings involving different organizations and scientific bodies from the two countries to ink
future cooperation. The Joint Committee, has, so far met six times, the last time in Beijing on September 2013. On that occasion, it was
decided to cooperate in:

Mitigation of earthquakes and natural disasters;

Astronomy and astrophysics;

Research on climate change;

Traditional knowledge and medicine.
The Joint Forestry Cooperation Working Group was signed in 2006, since when, three meetings have been held, the last on February 2012.
It envisaged cooperation mainly in development and utilization of forest resources. The last MoU signed between China and India was
inked on September 2014. It involved the Indian Space Research Organization and the China National Space Administration for the
peaceful use of space.
Cooperation between India and Europe strengthened in the last decade. Research cooperation started in the mid-80s and the first S&T
agreement was signed in 2001 and extended in 2009. In the FP7 framework India ranked 5th, both in terms of participation and of total
amount of EU financial contribution received. Over 225 Indian partners were involved in 150 projects. These projects were funded with
some € 337 million from the Framework Programme of which some € 30 million went directly to Indian partners. Key areas of cooperation
with India include Health (57 projects), Environment (37), ICT (30) and Food, Agriculture and Fisheries, and Biotechnology (30).
Cooperation included a number of coordinated calls, where both partners selected and financed participants in parallel in key areas of
mutual interest. These included computational material sciences (financial participation of 5M€ each by India and the EU), food and
nutrition research (3M€ each) solar energy research (5M€ each) and more recently in water and bio-resources in the context of the
EU/MS-India Pilot Initiative (16M€ each). For what concerns Horizon 2020, as of October 2015, Indian participants are no automatically
funded and have to determine by themselves the sources of funding for their part of the project. No jointly agreed mechanism is currently
in place for co-funding Horizon 2020 research and innovation projects. Another important occasion of collaboration between Europe and
India is represented by the EU-India Summits. The last one was held on February 2012 and led to two new MoU. The first, between the
Central Statistics Office (CSO) of India and EUROSTAT has the objective of facilitating interaction and collaboration in the field of statistics
for the sharing of best practices. The second is a joint declaration from the Indian minister for Science & Technology and Earth Sciences
and Planning and the European Trade Commission; it concerned the moving up of innovation cooperation and the mobilisation of Indian
and European stakeholders to define a strategic partnership. Currently six European and Indian Partners are focusing on the India Gate
Project to remove the obstacles that inhibit EU researchers and organizations from taking part in the Indian research opportunities by
providing information in a user-friendly manner to stimulate, encourage and facilitate participation.
Collaboration between India and United States is pursued through a vast range of meetings, funds and projects. Both countries support
cutting edge research and are building public-private partnerships that promote science and technology-based innovation and
entrepreneurship. The United States and India also recognize the importance of gender equality in the scientific workforce, and have
conducted numerous exchanges to encourage increased participation of women and girls in science. Over the past year, two bilateral
endowments – the Indo-U.S. Science and Technology Forum (IUSSTF) and U.S.-India Science and Technology Endowment Fund – have
provided roughly $3 million to fund hundreds of exchange visits and support technology commercialization through U.S.-India joint
ventures. The India-U.S. Technology summit, held in New Delhi on November 2014, discussed the theme Tackling 21st Century Challenges
Together. The Summit included participation from several hundred companies, academic institutions, and scientists, and built productive
partnerships in joint research and development, technology commercialization, and joint business ventures designed to promote trade
and investment between the two countries. The Summit’s main components included a government-to-government program led by the
Indian DST and the White House Office of Science and Technology Policy; and a Trade Show and Exhibition for Indian and U.S. companies
and economic development organizations to promote their products, services and technologies. The U.S.-India Science and Technology
Joint Commission Meeting: The Joint Commission Meeting (JCM), held in November 2014 in New Delhi provided strategic guidance to
science agencies on the overall direction of S&T relations, identifying current and future areas for collaboration. Representatives in the
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JCM also discussed policy issues such as women in science and innovation and technology commercialization, and they provided strategic
direction to the Indo-U.S. Science and Technology Forum and the Science and Technology Endowment Fund, which are able to utilize funds
to implement outcomes of the JCM. The meeting brought interesting results, among which, a MoU between the Export-Import Bank of the
United States and the Indian Renewable Energy Development Agency to make $1 billion in financing available for the export of American
renewable energy goods, services, and technologies to support critical clean energy projects and infrastructure in India. The Science and
Technology Endowment Fund, administered by the U.S.-India Science and Technology Endowment Board supports and fosters joint
applied R&D to generate public good through the commercialization of technology developed through sustained partnerships between
U.S. and Indian researchers and entrepreneur. In the past the funds awarded innovative projects under the Healthy Individual and
Empowering Citizens categories. U.S. and Indian collaborators received awards to support a range of projects such as developing low-cost
medical examination equipment, producing affordable safe drinking water, developing stress-tolerant crops, and commercializing low-cost
building materials for low-income housing. Civil Space Cooperation between NASA and the Indian Space Research organization (ISRO)
continue to make progress on the NASA-ISRO Synthetic Aperture Radar (NISAR) mission. This mission is intended to generate a vast bank
of earth observation data for use in novel applications by researchers to benefit global food security, freshwater availability, human
health, disaster prediction and hazard response, climate risks and adaptation, and urban management and planning. Currently, the two
space agencies are discussing about a possible collaboration on mars’ missions. India’s Minister of Health visited the United States in June
2014 to discuss U.S.-India cooperation in health, including India’s role as a co-convener of the Child Survival Call to Action. In support of
the Child Survival Call to Action, The U.S Agency for International Development (USAID) announced plans to partner with a leading Indian
private sector management firm, bringing together the public and private sectors to scale up effective solutions to end preventable child
and maternal deaths in India by 2035. The new partnership supports national-level policy development and implementation across 184
highly burdened Indian districts and strengthened service provision in up to 11 states with high rates of child and maternal deaths. USAID
is also working with India to highlight India's achievements as a model for other countries to improve their health outcomes.Currently the
Indian Science & Technology International Cooperation Division of DST supports also three S&T Centres which are independent entities
established under inter-governmental bilateral agreements with France, USA and Germany: the Indo-French Centre for Promotion of
Advanced Research (IFCPAR/CEFIPRA), the Indo-US Science & Technology Forum (IUSSTF) and the Indo-German Science & Technology
Centre (IGSTC). These centres perform mainly biomedical and engineering research.
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3.3Israel
3.3.1 History: The setup of a stimulating environment
In 2013, with a GERD of 4.21%69, Israel ranked first on the international scene for R&D expenditure as a percentage of GDP. The Israel
supremacy in many S&T indicators is not a novelty: Israel ranks first for GERD intensity since 2000 as shown in figure 14. Israeli economy is
dynamic and represents one of the few examples of “Silicon Valley” type of technology centre in the wold. The local government
committed to serious efforts in R&D since 1969. At that time the establishment of the Office of the Chief Scientist (OCS) at the Ministry of
Industry and Trade and the identification of a coherent interventionist policy set the background for the high-tech industry development.
The mandate of the OCS consisted in the subsidization of local private companies with grant schemes. Before the creation of OCS,
government intervention in R&D financing was relegated to few institutes and areas, namely National R&D labs, academic R&D, defence
related R&D, and agricultural research. Between 1969 and 1987 R&D expenditures increased form $422 million to $3,316 million, a 14%
compounded annual increment. Despite the looking-forward S&T policy, the country didn’t perform well economically. Inflation, triggered
by extreme oil prices, accelerated in the 1970s, rising steadily from 13% in 1971 to 111% in 1979 to 445% in 1984. At the same time,
stagnation hit the economy. The phenomenon, known as stagflation produced the following effects:

A public debt about 250% of GDP;

The external public and private debt rose to about 80% of the GDP;

The inflationary trauma left residue behind for many years to come.
The government, in June 1985, addressed these issues with an Economic Stabilisation Plan. It brought many elements of novelty. First,
government deficit was eliminated almost instantly by cutting public expenditure, especially on defence imports. The freed resources
could be directed to lower Israeli’s dependence on unilateral foreign guarantees and to reduce both the budgetary deficit and debt. The
government started also an outsourcing strategy of public services combined with higher investment in infrastructures. These
interventions were taken together with financial and labour market measures: both aimed at reducing government intervention and at
creating the proper conditions to make markets work efficiently and autonomously. The government removed several kinds of limitations
that limited financial markets: households and businesses were allowed to diversify their portfolio as they wished, limitations in
international movements of capital were removed and competitiveness among financial players became an important issue in the reform
agenda. The labour market became more flexible due to an impressive inflow of immigrants from the Soviet Union, the weakening of
labour unions, and a decrease in employers’ due contributions to national insurance.
The liberalization of financial and labour markets and the outsourcing of public goods were complemented by another process: human
capital diffusion and accumulation. In 1987 the government cancelled the Lavi aircraft project causing an increase in the supply of work:
thousands of engineers could be hired by private companies. As the Soviet Union collapsed in 1991, the arm race ceased to be a priority
and the lower production of defence plants caused an increase in the supply of high-skilled workers, especially engineers. Moreover, the
previous mentioned Soviet Union immigration doubled the number of doctors and engineers in just 9 years, from 1989 to 1999. Between
1990 and 1995, the number of immigrants with degrees in the exact sciences was 107867; approximately the 91% were Russians.
Immigration represented a great opportunity for the flourishing high tech cluster in Israel. The Country planned adjustments and
absorption processes needed to be able to exploit the inflow of human capital. In particular, eastern scientists were used to work with
retrograde technology with respect to the western. The Ministry of Labour, the Manufacturers’ Association of Israel and private
companies, started providing training and re-education programs. Another factor triggering human capital accumulation has been the
Israel’s defence public sector. It showed great flexibility in innovation’s production. Despite its high dependence on imports, in several
occasions, for example in 1967 with the French embargo, it had relied successfully on indigenous capabilities. Defense related R&D
expenditures benefitted the economy in several ways. It created a large pool of experienced employee, managers, entrepreneurs and
international networks, and promoted all possible kinds of spillovers, spin offs, and linkages between the Defense and the high tech
sector.
All these factors combined created extraordinary conditions for the S&T in Israel.

3.3.2 R&D policy
The measures and the phenomena identified in the previous paragraph constitute the premises for the success of the Encouragement of
Industrial R&D Law of 1984, which set the policy that led the country to success. It was disposed that the OCS had to sustain the
development of science-based, export-oriented industries drawing from the pool of resources identified before. The core of the legislation
was a program of financial incentives directed to small and big enterprises meeting certain requirements, among which, export oriented
production. Financial aids could arrive up to 66% for start-ups and for the first time also software companies were entitled to benefit.
With the Encouragement of Industrial R&D Law, the OCS, created granting programs that are still running today. Among them:

Magnet;

Technological Incubators;

Various programs involving bilateral and multilateral international R&D collaboration.
These programs have been extremely successful, together with the measures identified in the next paragraph, at creating the condition for
innovation-based growth. Another important public player in providing funds is the VATAT (Hebrew acronym for Planning and Budgeting
Committee of the Council for Higher Education). In 2011, VATAT redacted a six-year plan for the overhaul of the university funding system
through which increases by 30% the university R&D budget, and, encourages thematic funding and excellence with the I-CORE
programme. I-CORE established 12 new Centers that began their operation on May 2013. Five will engage in research in Social Sciences
and Humanities and seven in Exact Sciences, Engineering, Life Sciences and Medicine. More explicitly, the 12 thematic area will be: Jewish
Culture, Education and New Information Society, Legal Studies, Mass Trauma, Quatum Universe, Light and Matter, Astrophysics, RNA
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Gene Regulation, Biophysics, Environmental Change, and Dynamic Processes in Living Systems. Overall, despite the high commitment of
the Israeli government through the VATAT and the OCS, the public portion of GERD is marginal: the private sector in 2013 accounted the
82.9% against the EU (15) average of 63.6%.
Two major facts concerning the Israeli R&D system deserves attention:

All the statistics about the Country commitment to R&D are downward biased. There are not unclassified defense related
documents; therefore OECD estimates take into account only the civil R&D expenditure70;

Israel has never had a specific civil R&D strategy.
From the first fact it can be inferred that the 4.21% GERD of 2013 underestimate the R&D expenditure’s share of GDP. In the past, the bias
would have been much higher than today because the defense sector accounted the biggest share of national expenditure (65% during
the 1980s) and played a primary role in determining the path of the Israeli S&T by driving the demand for innovation. Today, the role of
defense is lower for a number of historical events (e.g. the end of the cold war), the possibility of outsourcing among private contractors
and the vast usage of dual technologies that create overlapping between defense and non-defense research. Consequently now the larger
share of R&D is performed and funded by the private sector, reducing the bias.
Best practice: Attracting Venture Capital
At the beginning of 1990s, public investment in R&D was very high: the generous programs set by the OCS were more than sufficient as
input for indigenous innovation. Despite this, innovation’s outputs were not satisfactory: post-research phases had a bottleneck
somewhere. The head of OCS at the time, Yigal Erlich, thought Israeli companies lacked the marketing and managerial skills to succeed in
the post-research stages. Moreover, it was believed that the high-tech industry funds for the production and commercialization phases
were not enough to keep the pace of market demand. Firms needed the possibility to access to private capitals to perform well in the
downstream phases of the value chain. The liberalization of the financial market occurred with the 1985 Economic Stabilisation Plan was a
step in this direction; nonetheless, to convince private investors to invest on R&D based firms was a big challenge. The attractiveness of
big returns was corroded by the high risk profile of these activities and the lack of an innovation culture. According to Yigal Erlich, a way to
attract capital inflows and create managerial competence could have been the establishment of a big, risk-taking Venture Capital (VC)
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industry. At the time, it was extremely underdeveloped: there were just 2-3 VCs in Israel. The capital emergency for post-research
activities developed in two phases, the pre-emergence phase and the emergence-phase.
The pre-emergence phase: it consisted of the spreading all over the country of the R&D paradigm as a model of doing business for start-up
companies. As said before, it was especially due to government efforts. During this phase, R&D produced good results and companies
started the capital hunting to finance the downstream phases of the value chain.
The emergence-phase: we can divide it into sub phases, the fluid (1993-1995), the rapid growth (1996-1998) and the bubble (1999-2000)
sub phases. The government played a great role during the fluid and rapid growth sub phases. Two programs were specifically designed to
tackle the absence of external support to production and commercialization:

The Inbal Programme (1992-1998);

The Yozma Programme (1993-1998).
The Inbal Programme, developed during the fluid sub phase, was not successful; it was afflicted by a short-sight perspective and failed in
creating incentive for private players to act on its wake. Despite this, it helped attracting some private companies in the VC market and
inducing collective learning processes through which investors and enterprises could learn how to interact with each other. Overall, the
Inbal Programme created the proper conditions for the success of the Yozma Programme during the rapid growth phase. The Yozma
Programme was both a plan and a $100 million public venture capital firm. This VC company was a fund of funds aiming at creating a
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Limited Partnership VC industry in Israel. The resources were invested indirectly, in ten private VC funds, the Yozma Funds ($80 million)
and directly, in high tech companies ($20 million). Each Yozma Fund, by statute had to cooperate with a foreign investor and with an
Israeli financial institution. The majority of managers of the latter had to be Israeli. These simple conditions allowed the development of
marketing and management skills inside the country by leveraging on foreign experience. In two years (between 1996 and 1998), through
the Yozma Program, the government has been able to collect $163 million from the private sector. They were invested in a number of
high-tech start-up, focussing especially on the earlier stages of a firm’s life investing fast and risky. The Yozma fund programme has been
extremely successful. It raised a total of $250 million (between 1993 and 1996) and invested in 164 start-up companies. This project
created the conditions for trustworthiness by foreign investors. By the mid of 90s many VC foreign private companies (e.g. Benchmark,
Sequoia, Intel Capital and others) started investing from abroad and later on established their Israeli offices. The capital attracted reached
a critical mass and the entire process became self-sustaining. Overall, the rapid-growth phase, sustained by the Yozma Program, has been
a period of massive start-up creation and entrance of private VC companies into the high-tech cluster. The last sub phase, the bubble
(1999-2000) is the well-known bubble which hit the high-tech sector causing a period of increasing unemployment, growth slowdown and
decreasing exports. Israel went out of this phase relatively quickly. The following table offers an overview of the VC industry evolution in
Israel between 1991 and 2009
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OECD estimates concerning other countries consider both the civil and defense component.
Gil Avnimelech, VC Policy: Yozma Program 15-Years Perspective
By looking at the U.S. experience, Israel decided it was the most successful form of VC which could adopt.
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Table 5 – Venture Capital investments, high tech start-ups founded and capital rose

Year

VC raised (Total Private
Equity)

VC Investment (% Foreign)

Start-ups Founded
(VC backed)

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

49 (58)
81 (160)
204 (372)
122 (384)
198 (133)
317 (937)
643 (777)
653 (686)
1169 (1418)
2712 (2778)
1319 (2007)
497 (519)
6 (117)
589 (1654)
1644 (2674)
903 (1444)
1096 (1271)
967 (1203)
229 (315)

NA
NA
NA
NA
NA
NA
440 (43%)
589 (44%)
1011 (57%)
3233 (59%)
1985 (59%)
1138 (58%)
1011 (58%)
1465 (55%)
1336 (51%)
1620 (60%)
1759 (61%)
2076 (62%)
1122 (63%)

51 (5)
94 (12)
124 (73)
140 (85)
175 (87)
231 (117)
263 (119)
332 (152)
587 (208)
665 (372)
371 ( 159)
355 (204)
410 (113)
580 (141)
511 (117)
521 (121)
596 (118)
580 (93)
550 (33)

Capital raised in
IPOs (USD
Million)
65
320
689
317
455
862
901
966
1939
6031
398
527
1383
2528
1446
210
1218
0
0

Capital raised in
M&A (USD
Million)
1
1
5
77
660
488
817
1301
4214
12889
512
2040
1094
1941
2713
10005
3218
2640
2540

Source: Amir Shoham and Gil Avnimelech,The development of the successful high tech sector in Israel, 1969-2009

In 2014, 12 Israeli venture capital funds raised $914 million, the most raised by Israeli venture capital funds in six years. The year’s fund
raising was up 68% from the $544 million raised by 11 VC funds in 2013, and was 18% above the 10-year average of $777 million. The
average fund size in 2014 reached $76 million, confirming the mushrooming of medium sized funds and fewer micro VC finds. According to
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the third quarter survey of 2015, Israeli high-tech capital raised at $3.2 billion in the first 9 months of 2015 .

3.3.3 International Cooperation in R&D
The Israeli industry center for R&D (MATIMOP) implements an increasing range of international programs on behalf of the Office of the
Chief Scientist (OCS), which are both bilateral and multinational in nature. The Government of Israel has entered into more
than 40bilateral Industrial R&D Support Agreements all over the world and participates actively in 5 multinational European programs. All
programs share common benefits for Israeli companies, as well as offer international companies access to Israeli industry's capacity for
innovation. Efforts to expand Israel’s network of international industrial R&D collaboration with new countries, states, provinces and
regions is ongoing – in fact, more than 17 agreements are in the pipeline. Israel is one of the few countries in the world able to
systematically furnish information on the current status of its international cooperation.
1.

The Global Enterprise R&D Collaboration Framework
Israel’s start-ups are highly reputed for their efficiency and efficacy at innovating but less for their commercialization,
manufacturing and marketing infrastructure. The aim of the Global Enterprise R&D Collaboration Framework is to create an
international cooperation between Israeli start-ups and foreign MNCs in a way such that each player can exploit the strengths
of the other and improve its own. More than 30 corporations joined the program and collaborate with Israeli start-ups. The
foreign MNC and the Israeli firm commit to equally invest in co-selected R&D projects to be conducted jointly. The
multinational company may contribute either with cash funding or with manpower, technological guidance, equipment,
laboratory space and so on. Eligibility requirements are illustrated in the following table

Table 6 – eligibility requirements for the Global Enterprise R&D Collaboration Framework

MNC ( Foreign Partner) eligibility requirements
Annual revenues over $2billion
Significant investment in R&D
Worldwide presence

Israel’s start-up eligibility requirements
Strong R&D focus
Capacity to finance self R&D activity
Annual revenues not exceeding $70 million
No affiliation with the MNC

Source: MATIMOP

The parties involved in this cooperation can benefit from the following advantages:

Shared risk of R&D investment between the MNC, the start-up and the OCS;

Assistance in identifying synergetic partners;

Preferential access to know-how and technologies;

Improved post-research management.
There are three ways in which property rights can be handled:
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Sole ownership by the Israeli company;
Provision of a non-exclusive license by the Israeli company to the MNC;
Joint ownership by the Israeli company and the MNC.

The last two possibilities allow the profitable, royalty free employment of the intellectual property, provided that the Israeli company can
do the same. The following MNCs cooperate with Israeli’s start-ups: Abbott, Alcatel, Alstom, Arkema, B.Braun, BombardierTransportation, BT, Cisco, Coca-Cola, Dupont, Deutsche-Telekom, General-Electric, HP, IBM, Infoosys, Intel, Life-Technologies, Merck,
Microsoft, Novozymes, Oracle, Ohilips, Posco, Procter & Gamble, unj Lloyd, Renault, SAP, Telecom Italia, Tlefonica, Oragne, Roche.
2. Project Centers of Multinational Cooperations
This project encourages MNC to establish a local office in Israel called Project Center. The latter should:

Locate and form R&D collaboration between Israeli partners and the MNC;

Create and implement R&D projects;

Provide financial and professional assistance to the Israeli partners.
The government support the project in one of the following ways:

Financing 40% of the Project Center’s expenditure;

Financing 50% of the accumulated investment funding given to the Israeli partner in the project;

Financing investment of the Israeli partner in national preference zones or from traditional industry.
3. Establishment of R&D Centers in Israel for the Service of the International Financial Community
The program is active since 2010. Since then, the OCS encourages financial institutions to establish R&D centers in Israel to serve the
international financial community. The government support the project up to 5 years with decreasing expenditure: 40% of the total
budget approved by the Research Committee for the first and second years, 30% for the third and fourth years and 25% for the fifth year.
MNCs are eligible for this program if:

The company is engaged in qualified financial sector activities, including commercial banking, financial brokerage, securities,
credit cards, foreign exchange, insurance and provident funds;

The company has its main business center(s) outside of Israel;

The company did not perform R&D activities in Israel prior to applying for OCS support;

The company has turnover in excess of $10 billion per year.
Moreover, the MNC has to hire a minimum number of employees each year. The first year must be hired at least 25 R&D employees and
90% of them have to be Israeli citizens. The foreign financial company may delegate the execution of the project to a subcontractor. It is
possible only as long as the project would be completed in Israel and 90% of the subcontractors’ workforce is Israeli. The Israeli
government is trying to transform growth into an encompassing and uniform process. For this reason, the previous financial scheme
changes when the R&D center is developed in a peripheral area (known as National Priority Areas, located especially in the southern and
northern part of the country). In particular, for the first and second year, the foreign company could benefit of a 50% grant on the total
budget approved by the Research Committee, 40% for the third and the fourth, and 35% for the fifth.
When the program was launched, it was also endowed with a peculiar discipline of intellectual property: all the new discoveries were
property of the MNC. Such a strong commitment by the Israeli government has been planned to induce a rapid take-off of the program.
4. Conseil européen pour la recherche nucléaire (CERN)
In 2012 Israel became a full member of the CERN becoming the 21st member state. Israel is involved in a number of cooperative projects
under the CERN umbrella. They space from research on the Higgs boson to the hunt for evidence of extra dimensions of space and dark
matter. The passage from associate member to full member increased the responsibilities of the country inside the organization: not only
major financial responsibilities, but also a greater role in determining the research priorities for the future. The membership allowed
Israeli companies to bid on all tenders involving CERN.
5. Bi-National Funds
In this framework, two nations contribute a predetermined sum to a binational foundation intended to support cooperative projects. A
board of directors is appointed by the two governments, and each fund establishes its own criteria and procedures. The funds are
administered by a designated non-profit organization. The Bi-National Foundations provides R&D projects with financial supports and
partner-matching in both countries. They do not interfere in the relationships between partners and do not receive equity or intellectual
property. At present there are five Bi-National foundations: the US-Israel Binational Industrial R&D Foundation (BIRD), the Canada-Israel
industrial R&D Foundation (CIIRDF), the Korea-Israel Industrial R&D Foundation (Koril-RDF), the Singapore-Israel Industrial R&D Foundation
(SIIRD) and the US-Israel Science &Technology Commission and Foundation (USISTC and USISTF).
6. Industrial R&D cooperation with Asia Pacific (China, India, Australia, North and Latin America)
MATIMOP is the executive agency of the OCS which implements bilateral cooperation agreements with emerging leaders. On the Asia
Pacific area, it deserves particular attention regarding China, Japan, India and Australia. The cooperation with these countries is high
valued because of the pace of expansion of their economies and for the unique opportunities they offer. Main instruments for
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collaboration are funding and assistance in partner-matching for industrial R&D projects. Cooperation is open in any field. Table 7
illustrates the China-Israel cooperation inside this framework.
Table 7 – China-Israel Industrial R&D cooperation

Name of the Project
Mou between Israel and China

Jiangsu (China) – Israel Industrial R&D Cooperation Program

Shanghai (China) – Israel Industrial R&D Cooperation Program

Shenzhen (China) – Israel Industrial R&D Cooperation Program

Shandong (China) – Israel Industrial R&D Cooperation Program

Guangdong (China) – Israel Industrial R&D Cooperation Program

Zhejiang (China) – Israel Industrial R&D Cooperation Program

Hong Kong (China) – Israel Industrial R&D Cooperation Program

Description
Signed between the MOST and MATIMOP in 2010, the primary aim
is to support joint industrial R&D projects aimed at the
development of products or processes leading to
commercialization in the global markets
Signed in 2008 between MATIMOP and the Jiangsu Science and
Technology Department (JSTD). It targets industrial R&D projects
between Israeli companies and Chinese companies from Jiangs.
Signed in 2011 and implemented by MATIMPO and the Shanghai
Science and Technology Department, its purposes are the
development of products or processes leading to
commercialization in the global markets
Signed in 2011 between MATIMOP and the Shenzhen Science,
Technology & Innovation Commission (SZSTI). Tis program support
cooperation in all technology fields
Signed in 2013 and implemented by MATIMOP and the Shandong
Science and Technology Department. Its main purpose is the
development of products or processes leading to
commercialization in the global market
Signed in 2013 between MATIMOP and the Guangdong Science and
Technology Department (ZSTD). Its main purpose is the
development of products or processes leading to
commercialization in the global market
Signed in 2014 between MATIMOP and the Zhejiang Science and
Technology Department (ZSTD).It targets industrial R&D projects
between Israeli companies and Chinese companies from Zhejiang
Signed in 2014 between MATIMOP and the Government of Hong
Kong Special Administrative Region (HK SAR). The agreement aims
at the promotion and intensification of the bilateral industrial R&D
cooperation between HK SAR and Israel, the facilitation of projects,
partnerships and collaborations between entities from HK SAR and
Israel.

Source: MATIMOP

R&D cooperation with India is conducted with the public sector, both at state and federal level, and with the private sector. There are two
main agreements, the India-Israel Initiative for Industrial R&D (i4RD) and the Karnataka-Israel Industrial R&D Program (KIRD), they are
horizontal: no particular market is excluded; cooperation is welcomed in any field. The general purpose is to:

Develop of R&D-driven partnerships between Israeli and Indian companies;

Provide access to the OCS funding schemes in Israel and to similar, parallel funds in India;

Provide companies with assistance in identifying potential R&D partners.
The India-Israel Initiative for Industrial R&D (i4RD) is a federal level program signed in May 2005 between the Ministry of Economy (MOE)
of the State of Israel and the Indian Ministry of Science and Technology. It provides partner matching and access to funding. The program
is implemented by the Global Innovation and Technology Alliance (GITA) in India and by MATIMOP in Israel. Even if no particular market is
excluded, the program has a focus on 5 areas: biotechnology, nanotechnology, space science and technology, water management and
non-conventional energy sources. The KIRD is a state level program signed in 2013 between the state of Karnataka and Israel. Its purposes
are, once again, partner matching and funding sponsorship. This bilateral framework is jointly implemented and promoted by KSTePS &
KSCST75 in India and MATIMOP in Israel.
Cooperation between Japan and Israel is recent: only in 2014 the Japanese Ministry of Trade and Industry (MOTI) and MOE signed an
agreement. The program is managed by MATIMOP and MEDO in the respective countries. Companies from Japan and Israel are invited to
apply for funding for joint R&D projects aimed at the development of innovative new technologies or processes leading to
commercialization in the global market.
The Israel-Australia R&D cooperation has been operative since the end of 2005. An agreement between the OCS and the Government of
Victoria under the name of Victoria-Israel Science and Technology R&D Fund (VISITECH) constitutes the core of this collaboration.
MATIMOP and the Department of Business and Innovation (DSDBI) of the Government of Victoria work on the implementation of the
program. VISITECH aims at:

Promoting and marketing the benefits of joint market oriented Victorian-Israeli R&D collaboration;

Matching companies in one state seeking a partner in the other;
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Facilitating the identification of specific projects or collaborations between Victorian and Israeli companies that could lead to
R&D cooperation;
Supporting projects by contributing up to 50% of the joint eligible R&D costs.

The following are the eligibility requirements for VISITECH grants:

Collaboration between an Israeli company and a Victorian company to jointly develop a new product or process. Other entitles
(such as academic entities, hospitals, clinics, etc.) are eligible to join as sub-contractors;

The product should be highly innovative;

Significant commercial potential;

Added Value to the Israeli & Australian Economy;

The entities should have the technological, commercial and financial abilities to successfully bring the new product to market;

The partners should agree in advance on the IP rights and on the commercialization strategy of the product. (Technical knowhow acquired in the project is expected to be shared between the partners in a way that would reflect each partner
contribution to the project).
Israel collaborates also with North and Latin America. The operative branch of the Israeli government is once again MATIMOP. Its role
consist in the facilitation of the bilateral cooperation agreements with leading R&D entities in global market leaders (U.S. , Canada) and
emerging markets such as Brazil, Argentina and Uruguay. Collaboration with North America is conducted especially through the Global
Enterprise Collaboration Program, described before. Apart from that, cooperation with the U.S. is implemented both at a national and a
federal level. At the federal level, the USISTF is the mean to coordinate Israeli companies and US Departments and Agencies. At the state
level, the major instruments are bilateral agreements with US states. Currently MATIMOP is involved in bilateral agreements with:
Massachusetts, Colorado, Maryland, New York, Oregon, Virginia, Wisconsin, Florida, South Carolina. The following table illustrates the
object of these collaborations and some other project currently running.
Table 8 – Israel- United States international R&D agreements

U.S. partner
US National Institute for Food and Agriculture (NIFA)

Thematic Focus
Agro-food technologies

US National Cyber-security Center of Excellence (NCCoe)

Cybersecurity business needs: Health IT, Energy and Financial
services

Massachusetts Clean Energy Center
Massachusetts Life Science Center

Clean technologies: water
Biotechnology, Pharmaceutical, Medical Devices, Diagnostic and
Bioinformatics
e-Health
All fields
Aerospace and related research projects
Nanoscale technologies
Advanced Energy and Wireless and Information Solutions

Massachusetts Tech Collaborative Center
South Carolina
Space Florida
The center for Nanoscale Science and Engineering(CNSE)
Center of Excellence in Wireless and Information Technology
(CEWIT)
Advanced Energy Research and Technology Center (AERTEC)
Maryland
California
Michigan
Colorado
Wisconsin
Virginia
Oregon
Ohio

All fields
All technological fields
All fields
All fields
All fields
All fields
All fields
All fields
All fields

Source: MATIMOP

Cooperation with Canada regards both the private and public sectors. The Canada-Israel Industrial R&D Foundation (CIIRDF) was
established in 1994 to promote collaboration. The principal instruments are grants for joint projects and partner-matching. Grants can be
assigned for a maximum of 50% of the R&D costs, up to $800000. This institution has been complemented by other parallel programs
throughout the years. From 2010, the Canada-Israel Innovation Initiative Partnership (CIIP) is active. The focus is on Energy, Medical
devices and E-health but cooperation is allowed in any-field. The agreement is implemented by MATIMOP and the National Research
Council of Canada (NRC). The program offer two different tracks called Mode I and Mode II. The first is designed for individual industrial
R&D projects involving at least one Israeli R&D performing company and one Canadian R&D intensive SME; this track allows institutions
and universities to participate as subcontractors. The second track is about the development of pre-commercial technologies to be
achieved via joint research consortia. Both tracks encourage third parties from additional countries (especially EUREKA members) to apply;
nonetheless no funds are provided for these third parties. A state collaboration is the Ontario-Israel Collaboration Program (OICP). The
focus of the latter is over Bio-economy and clean technologies, advanced health technologies, pharmaceutical research and
manufacturing, and digital media, information and communication technologies. The last program available for Israel-Canada
collaboration is the Canada-Israel Energy S&T Fund (CIESTF). Its primary priority is unconventional oil and gas research to reduce water
usage process water contaminants, air emission and land disturbance. Second Priority areas are: energy efficiency in buildings and
communities, clean electricity and renewable, Bioenergy and electrification of transport.
Cooperation between Israel and Brazil is implemented by MATIMOP and the Secretariat of Innovation in the Ministry of Development,
Industry and Foreign Trade of Brazil (MDIC). The general framework is called Israel-Brazil Industrial R&D Innovation Cooperation. The
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program works as follows: Israeli and Brazilian companies are invited to propose an R&D cooperation program aiming at the development
of new products, processes or services if industrial application for national or international commercialization. Each government finance
its respective companies and is open to all technological fields but deserving peculiar attention to Homeland security, ICT and Life
Sciences.
7. Industrial R&D Cooperation with Europe
Europe is Israel’s main R&D partner. Europe-Israel R&D cooperation programs not only allow access to know-how, R&D platforms and
funding sources within Europe, but also provide Israeli companies with their European partners’ connections to global markets. Currently,
collaboration is run through Horizon 2020, EUREKA, bilateral agreements and the Enterprise Europe Network (EEN).The Horizon 2020
program, the main instrument of cooperative R&D with and within Europe for the period 2014-2020 with a total budget of 80 billion
Euros, will be financed for the 1.24% by Israel. The main objective is the consolidation of the European leadership in S&T by supporting
small and medium sized enterprises. Horizon 2020 has placed emphasis on social challenges as well as support for companies in the area
of health, welfare, demographic shifts, food security, sustainable agriculture, sea research, bio-economics, secure, clean and efficient
energy, green transportation, climatology, efficient resources and raw materials. Horizon 2020 is the evolution of the previous European
collaborative framework: the Seventh European framework Program (FP7). FP7, ran from 2007 to 2013 had a total budget of 50 EUR
billion. Israel contributed for 500 EUR million and about 2100 Israeli proposals were accepted, enjoying grants for 840 EUR million.
EUREKA comprehends 40 national funding schemes provided both from European Nations and Europe as a whole. The OCS participate in
the EUREKA project and since 2000, Israel has been the only non-European full member and Israel participate in more than 10 percent of
all the projects. Israel chaired the program in 2010-2011 and exploited the occasion to strengthen its industrial and political links with
Europe. Over 40% of Eureka project participants are SMEs and there are also many Industrial-Cluster sub-programs that are initiated and
managed by large multinational corporations in selected areas. At the bilateral level, Israel implements a large number of R&D agreements
with major European Countries, including: France, Germany, Italy, the Czech Republic, Finland, Greece, Hungary, Lithuania, Spain, Sweden,
Turkey, Poland, Romania, the UK, Russia and more. MATIMOP implements also implements collaborative programs with European
regions, clusters and industries, including Rusnano and Skokovo in Russia, Cap Digital, System@tic and Medicen in France, ISS in Italy, CDTI
and Accio in Spain and British Water in the UK. The EEN is a network of approximately 600 partner organizations from more than 40
countries. It promote competitiveness and innovation services for SMEs through partnering and brokerage services, publication of
technology offers and technology requests, access to European, national and/or regional support schemes and additional services
supporting technological partnerships and internationalization.
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3.4 Singapore
3.4.1 History: An economy in transition, from institutional efficiency to innovation efficacy
Singapore is a city–state of 685 km2 with 5.4 million people. The ability to provide quality infrastructure services, a corrupt-free civil
service, a great human capital, an English-speaking workforce and an exceptional geographic position, allowed the country to reach
remarkable results in just about five decades after its independence in 1965. The government sustained and exploited this pool of
resources to develop an efficiency-driven system capable of attracting foreign capital and resources, and able to counterbalance the
disadvantage of population size and the associated small domestic market.
Since the independence, economic development has been impressive: in the period 1960-201076 GDP growth averaged 7.7%, sustained
by governments’ efforts in encouraging Multinational Companies (MNCs) to transfer technology, developing infrastructures and sustaining
the enrichment of human capital. Absorbing capacity and learning mechanisms have been essential for the continuous industrial
restructuring and technological upgrading. In the first decade of independence, growth was led by labour intensive manufacturing. In the
two subsequent decades, MNCs began shaping the economy by shifting production to high value added technology products. The financial
sector accompanied the shift supporting the needing of the local clusters. The following table provides an overview of these shifts in GDP
composition (%) through decades
Table 9 – Singapore’s GDP decomposition 1960-2010

Industry
Agriculture & Mining
Manufacturing
Utilities
Construction
Commerce
Transport & Communication
Financial & Business Services
Other Services

1960
3.9
11.7
2.4
3.5
33.0
13.6
14.4
17.6

1970
2.7
20.2
2.6
6.8
27.4
10.7
16.7
12.9

1980
1.5
28.1
2.1
6.2
20.9
13.5
18.9
8.7

1990
0.4
28.0
1.9
5.4
16.3
12.5
25.5
9.9

2000
0.1
25.9
1.7
6.0
19.1
11.1
25.3
10.9

2010
0.04
23.2
1.6
4.7
19.5
12.7
27.1
11.2

Source: OECD, Innovation in Southeast Asia 2013

The high quality of Country’s institutions played a fundamental role in attracting foreign capital: land, transport, telecoms and education
were, and still are, administered with maximum efficiency. They gave the Country the comparative advantage – the efficiency premium –
to stand as the commercial hub of the region until the end of 1990s.
Being a scarce resource, the allocation of land has always been subject to meticulous planning and management. Still today, almost the
80% is owned by government, which acquired it for development purposes. Industrial sites and science and business parks mushroomed
throughout the island under the public efforts. The approach to industrial development is well exemplified by the chemical hub hosting
the petrochemical cluster in Jurong Island: instead of targeting industry, the government plans directly on clusters and assign them a
precise zone where they can develop. This approach has the merit to contain the positive spillovers generated within the sector. The
housing sector has a peculiar structure that allows a 92% rate of ownership. The Housing and Development Board (HDB) provides
affordable public housing for rental and sale (the latter, financed also with 99 years leases). A dynamic secondary market permits
household mobility subject to minimum occupancy period. A competitive bidding system is used to allocate state land to the private
sector. Transport and logistics played a key role in sustaining the economy and maximizing connectivity. The port and the airport are
among the biggest in the world. Car traffic is contained by a combination of heavy taxes and charges. The government completely
subsidizes the capital cost for construction of the rail network. Public transport is private managed but under the public regulation of the
Public Transport Council. Apart from physical infrastructure development, the government has also implemented policies to develop an
information communications sector and has aspirations for Singapore to be the information hub for the region. The partial privatization of
Singapore Telecoms marked the beginning of a period of market liberalization and pro-competition. Prices lowered and spurred demand in
the telecoms sector. The Singapore government is also one of the earliest in the world to implement the e-government system. Education
has always been highly subsidized and constitutes the second largest item of government expenditure after defense accounting for the
12.1% of public expenditure in 2015. A new agency, the Singapore Workforce Development Agency was established in 2003 with the
specific purpose of enhancing workforce skills through developing a comprehensive, market-driven and performance-based adult
continuing education and training framework. Since the late 1990s, as part of its move to build up the innovative economy, it has also
embarked on an aggressive “foreign talent” policy, to attract foreigners to perform high value-added work. On the late 1990s the
Singapore’s efficiency paradigm came under discussion. On the one hand, the pressure of the 1997 Asian financial crisis highlighted a
structural problem that rendered the efficiency based system obsolete in some respects; on the other, the mounting challenges in
maintaining the efficiency premium with respect to its neighbours increased the opportunity cost of this comparative advantage. The Asian
crisis of 1997 brought Singapore into a period of stagnation and recession that ended only in 2003. This slow recovery was imputed to lack
of innovation. Krugman77, after disentangling GDP growth, wrote that the Singapore’s miracle in the previous decades was based on
perspiration rather than inspiration: All of Singapore’s growth can be explained by increases in measured inputs. There is no sign of
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increased efficiency. In other words, TFP contributed insignificantly to economic prosperity. Wong78observed that while Singapore’s
technology deployment capabilities (to operate and adapt technologies) are now close to the world frontier, its capability to create
technologies (to innovate and pioneer new technologies) is still lagging considerably behind this frontier. At the same time, many other
Asian countries were fast catching up on the provision of quality infrastructure. Even Singapore’s status as the premium air and seaport in
the region – an area where the city’s leading position was previously thought to be unassailable – started coming under tremendous
competitive pressure. Moreover, business operating costs, including land costs, did not adjust fast enough to reflect the narrowing gap in
infrastructure quality. These developments led economists such as Krugman and Young79 to conclude that, to remain internationally
competitive, the Singapore economy had to become more innovative, with the capability to develop its own brands of goods and services.
Efficiency alone would have not guaranteed sustained robust growth in the future. But while economists perpetrated the critiques and
formulated suggestions around the mid-1990s, Singapore, at the beginning of the decade, had already started investing in R&D in order to
strengthen its fundamentals and plunge into an innovation-based economy using its efficiency as a trampoline. The following paragraph
introduces the major elements of change in the 1990s and early 2000s.

Innovation Policy in the 1990s and early 2000s
Trying to change path, at the beginning of 1990s the government passed from financing only big companies in the high tech manufacturing
sector, to finance all the enterprises’ sizes across both the manufacturing and service sectors. The focus passed rapidly from the
improvement of foreign technology and applied research towards basic indigenous research and the development of the necessary
capabilities. The city tried to become more tolerant, diverse and open to creativity in order to attract creative workers from outside, and
started changing its education and social policy to shape the entrepreneurial skills of its inhabitants. Investments in new infrastructures,
well-defined intellectual property and venture capital became the priorities that guided the Country in the transition from efficient
economy to innovative economy.Investment in new infrastructures is well-exemplified by the One-North Development project and the
Esplanade-Theatres on the bay. The One North Development – so called because Singapore is located one degree north of the Equator – is
an $8.5 billion project which is going to be a world class R&D hub for scientists and entrepreneurs working in biomedical sciences,
information and communication technology, and media. Its construction was in the air since the National Technology Plan in 1991 but it
started only in December 2001. This cluster will cover an area of 200 hectares and its completion will be accomplished through phases.
The project consists of a Biopolis – for biomedical sciences R&D – and of a Fusionpolis – for R&D and production of ICT and media
Industries – which are designed specifically to host basic research, so as to differentiate them from the two adjacent Science Parks –
Science Parks I and II – which are focused on applied research. Designed as a total living and working environment, with residential
properties, shopping, restaurants and public parks, when fully occupied, the One-North area will contain more than 4000 researchers.
Biopolis today already host the Genome Institute Of Singapore, The Bioinformatics Institute, The Bioprocessing Technology Institute, The
Institute Of Bioengineering And Nanotechnology And, The Institute Of Molecular Biology. Private companies such as GlaxoSmithKline,
Novartis Institute for Tropical Diseases and Vanda Pharmaceuticals and Paradigm Therapeutics have also signed up. Fusionopolis, whose
construction started in 2005, will occupy a total area of 120,000 square metres where will be relocated all the entire media chain. Officially
opened in 2008, many companies and institutions already moved in, among which, Edgils, Linden Research Singapore, Platfrom Computing
Singapore Pte. Ltd., the Institute for Infocomm Research, the Institute of High Performance Computing and many others.
The Esplanade-Theatres on the Bay is a $600 million masterpiece which aims at enhancing the creativity of the city. It is a performing arts
centre with a capacity of 1800 seats. Opened in 2002, its yearly running costs of $30 million are mainly covered by the government and
corporate sponsorships.
Singapore started investing significantly also in Intellectual Property Rights and in attracting Venture Capital. The first was an obliged
choice, needed in order to favour the inflow of FDI and MNCs; it culminated in the establishment of the Property Office of Singapore
(IPOS) in 2001 which aims at building an environment that promotes greater protection and exploitation in Singapore. In 2013, the country
attracted $853,339.5 million in FDI, whose provenience is showed in figure 18.
Figure 18 - FDI 2013 by country of provenience - percentage terms
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The Venture Capital industry in 2014 invested more than $1 billion; it has been shaped through deep government interventions, especially,
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the establishment of the Technopreneurship Investment Fund (TIF) in 1991, which, following the Silicon Valley model and the Israeli path
has been successful in creating the needed trustworthiness.

3.4.2 R&D Policy
Singapore has relatively small resources; therefore, its investment must be strategic. In particular, it is recognized that it is needed to:

Choose areas that are not only useful to Singapore, but also to the world;

Focus on research that will build on Singapore’s competitive edge;

Position Singapore to tap on emerging technologies to promote economic growth.
The Country has currently three key areas of research priority:

Biomedical Sciences – Translational and Clinical Research;

Interactive & Digital Media;

Physical Sciences & Engineering.
With respect to the rest of the world, the country has a big technological advantage in the semiconductor industry, bio materials and
micro- and nano-technology. It can be also inferred by the share of an economy’s patents in a specific technology relative to the share of
total patents owned: in 2013 according to this criterion, Singapore is the most specialized country in nanotechnology and the third most
specialized in Biotechnology80. Between 2012 and 2013 the total number of companies reporting R&D conducted in Singapore increased
from 699 to 812. The majority (480 or 59%) of the latter were local companies. R&D investments continue to create high-value jobs. The
number of Research Scientists and Engineers (RSEs) reached a new high of 31,900 in 2013, up from the 30,100 in 2012. Large part of the
increment was absorbed by private companies — of the 1,800 new RSE jobs created, 1,100 were in the private sector. In total, 2,200 R&D
jobs were created in 2013, up 6% to a total of 41,300. Gross Expenditure on R&D (GERD) reached $7.6 billion in 2013, up from $7.2 billion
in 2012. The Compound Annual Growth Rate over the past 10 years (2003-2013) was 8%. Singapore’s R&D intensity stood at 2% of GDP in
201381.The examined governments’ efforts posed the basis for a strong R&D system. The 60% of GERD has been invested by the private
sector. Most of the research, 61%, has been performed in Engineering & Technology and Biomedical & Related Sciences. Figure 19 shows
the provenience of the National investment in R&D and the decomposition by science field. In 2013, the government R&D expenditure,
$857.6 million, was allocated mostly for the costs of RSEs ($261.1 millions) and technicians ($44.8 million dollars); the expenditure for
capital (Land, buildings & other structures, vehicles, plants and equipment accounts only for $68.1 million) was just the 7.94%. In 2013,
the total number of patents awarded (first grants) as a result of R&D conducted in Singapore was 934. It represents an increase of 13.9%
from the 820 patents awarded in 2012 and helped in establishing a compound annual growth rate of 7.3% between 2003 (460 patents
awarded) and 2013. Patents awarded to private sector companies grew 7.8% year-on year, from 665 patents awarded in 2012 to 717 in
2013. Public sector’s patents awarded increased significantly by 40.0% from 155 in 2012 to 217 in 2013. Innovation based growth,
combined with the heritage of a high institutional efficiency, is producing remarkable results. In 2014 Singapore had a per capita GDP of
$56,286.8, confirming itself as the richest of the Asian countries and outperforming the United States (54,629$)82 . In 2015 the country
ranks first in the ease of doing business thanks to the quality of its institutions in terms of the ease of dealing with construction permits,
the high protection of minority investors and the great efforts in ensuring contracts’ enforcement. In the first half of 2015, the goods
producing industry (manufacturing, construction and utilities) and the services industry (wholesale & retail trade, transportation &
storage, accommodation & food services, information & communications, finance & insurance, business services) respectively accounted
about 23% and 67% of GDP. Figure 20 shows the GDP decomposition by sector in the 2nd quarter of 2015. It is useful to compare this
picture with the table in the first paragraph; it confirms the strengthening of the high-valued manufacturing and business & financial
services.
Figure 19 - R&D expenditure by source and science field in 2013
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Figure 20 – Singapore’s GDP decomposition by industry
2nd quarter 2015
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3.4.3 International collaboration in R&D
Given the small size of its population and economy, Singapore’s strengths reside on relative rather than absolute indicators of
collaboration. International co-inventions are the patents granted domestically that feature at least one foreign co-inventor. In 2013
Singapore ranked first for the international co-inventions in patents as a percentage of the economy’s total patents. This statistic
increased from 21% in the period 2000-2003 to 27.7% in 2010-201383. The country ranked 8th for the share of foreign inventions owned by
the economy on the total number of patents: in relative terms, the number of inventors owning foreign patents was about 20.9% in 20102013 and 24% in 2000-2003. Singapore has been able to obtain these scores thanks to its strategy of international engagement based on
attracting and retaining creative scientists and researchers. A vibrant intellectual environment, the opportunity to interact with other
creative people etc. are said to rank high in creative workers’ choice of residential locations and Singapore started investing in these
resources in the early 2000s with the One-North Development project, the Esplanade-Theatres on the bay and other similar projects. In
the official document Science, Technology & Enterprise Plan 2015 redacted by the Singapore’s Agency for Science, Technology and
Research, the word international appears 58 times. More often than not, it is associated to the will of attracting foreign talent, which is
also clearly stated as one of the agency objectives: attracting international talent and strengthening international linkage is one of the key
thrusts. The government support with vigour many fellowship programs. Among them, the Singapore National Research Foundation
Fellowship, opened to all areas of science and technology and to scientists of all nationalities, provide grants up to $3 million over five
years plus a salary pegged to that of an Assistant Professor at a local university. Singapore can be proud of its biomedical sciences because
of the many renowned scientists that moved there providing leadership to the research community and mentorship to young local
scientists. Among them, it is worth mentioning Edward Holmes and Judith Swain from the University of California, San Diego, Edison Liu
from the National Cancer Institute, Daniel Tenen from Harvard Medical School, Yoshiaki Ito from the University of Kyoto and Paul
Matsudaira from the Massachusetts Institute of Technology. Apart from targeting single talented individuals, Singapore has always aimed
at attracting MNCs and their financial and human resources. Through the high quality management of land, the government has been able
to build entire clusters and compress the positive spillovers over a relatively small plot of land. Enterprises that usually underinvested in
R&D due to the impossibility of collecting all the benefits of the expenses were incentivized to move to One-North Development because
they could benefit from a strong cultural environment. Currently the National Research Foundation (NRF) of the Prime Minister’s Office in
Singapore offers three international grant calls. The Joint Singapore-Israel Research Programme Grant Call in Computer Science,
Mathematics and Earth Sciences, the Joint Singapore-UK Research in Cyber Security and the ANR-NRF Joint Grant Call, the latter being a
bilateral grant between the NRF and the French Agence Nationale de la Recherche (ANR).
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3.5 South Korea
3.5.1 History: The recent evolution of South Korea
It is well known that the Republic of South Korea (ROK) funded its impressive growth on a catch up approach by building absorbent
capacity. This approach has been the core of the S&T strategy until 1996, when something changed. A huge financial crisis, started in
Thailand, spread out over the south-east Asia causing massive problems on the local economies: volatile exchange rates, unemployment,
accumulation of private debts and so on. The crisis was triggered by poor macroeconomic fundamentals; even if Singapore, Taiwan and
Hong Kong had already experienced a miracle growth in the previous decades, their financial systems were weak and ready to infect the
other Asian countries. Lack of financial regulation induced banks’ moral hazard, loan classification and provisioning practices were very lax,
state-owned banks paid little attention to the creditworthiness of borrowers and, capital requirements were often inadequate relative to
the riskiness of a bank's ventures84. Yet, domestic and international creditors did not monitor the lending decisions of banks because of
the implicit, and sometimes explicit, guarantees of a government bail-out if things went wrong. The consequence of this shaky banking
structure was immoderate domestic investment. In South Korea this capital inflow has been directed to finance the expansion of the
absorbing capacity of the national champions, the Chaebol85. The latter in 1996 had already experienced a fall in the demand of
semiconductors decreasing exports and were already low profitable and highly short-term indebted. As a consequence of the crisis, the
industrial and financial systems were compromised even more. Markets fell down and in 1997 started a series of bankruptcies of large
Chaebols that had heavily borrowed in previous years to finance their investment projects. By mid-1997, eight of the top thirty chaebols
were bankrupt. The string of bankruptcies started with Hanbo Steel in January, then Sammi Steel in March and the Jinro Group in April. In
July, the Kia Group, the eighth largest chaebol, failed to pay $370 million worth of liabilities and was put under fiscal protection by the
government. This string of corporate bankruptcies and financial difficulties in 1997 led to serious financial difficulties for the banks that
had heavily borrowed abroad to finance the investment projects of the failed chaebols. A number of these financial institutions were
effectively bankrupt by the spring of 199786. The country experienced a deep recession passing from a per capita GDP of $13,254 in 1996
to $9,133 in 1998. The public opinion, especially the government, until those years strenuous backer of the conglomerate model of
business, identified in Chaebols the weak element of the chain that allowed the contagion of the Thailand crisis to the Korean economy. It
was realized they were too big and too inefficient to be unconditionally supported by government and banks. Moreover, Chaebols were
believed to be authors of unfair practices towards SMEs limiting their development and innovation opportunities and, the absorption of
foreign technology, one of Chaebols’ tasks, was felt to be not anymore sufficient to lead economic development.
The 1998 has been a year of intensive reforms; the country was looking for new sources of growth. The government stimulated
investment in the ICT sector and the entrance of creative venture companies but there was no encompassing plan. In 1999, Vision 2025 the Korea’s Long Term Plan for Science and Technology Development - was formulated. It clarified the direction to be pursued:

Moving from a government-led innovation system to a private industry-led and diffusion-oriented innovation system;

Moving from a closed R&D system to a global R&D system;

Moving towards a science and technology-led national innovation system;

Moving to a strategy of long-term market-creating innovations strategy.
In 2003 there has been the turning point. Firstly, the pre-crisis level of GDP was attained, secondly, the government reposed all of its
confidence in innovation abandoning the legacies of the past. The general strategy was to induce development in geographical areas not
interested by industry clusters and to push investment in the tertiary sector. Part of this plan has been accomplished in three ways. Firstly,
many ministries have been transferred from Seoul to less developed regions in order to make wellbeing more inclusive inside the country.
Secondly, the government produced a list of 10 cutting-edge sectors where to focus investments; they were believed to be the propeller
of economic growth. Last, but not least, a strategy to induce serious cooperation among the Chaebol and the SMEs (the “Win-Win”
strategy) was launched. The 2003 is also the year in which, for the first time, the Korean government put serious efforts into the
internationalization of the S&T.
In 2008 the strategy progressed on the same lines. Some sectors were added to the list of growth-triggers (e.g. green technology), the
cooperation strategy between SMEs and Chaebol has been renewed and many other measures were taken to develop a knowledge based
economy. The main novelty has been the Science and Technology Basic Plan for 2008–2013, also known as the “577 plan”. It had some
ambitious targets, among which a 5% GERD intensity by the end of 2012; the objective has not been reached but government expenditure
increased by 50% in just 4 years.
In 2013 two main novelties happened. The actual economic strategy became public with the Creative Economic Plan and the new Ministry
of Science, ICT and Future Planning (MSIP) was set up. The plan affirmed that the Korean economy has reached the limits of the catch-up
strategy which had driven growth for the last 40 years and the government is now working to switch the Korean economic paradigm to
that of the leading type of growth founded on creativity. The agenda set three goals and six strategies. The three goals are:

Creating new jobs and markets through creativity and innovation;

Strengthening Korea’s global leadership through a creative economy;

Creating a society where creativity is respected and manifested.
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The six strategies are to:

Properly compensate for creativity and create an eco-system that promotes the creation of start-ups;

Strengthen the role of venture firms and small and medium-sized enterprises (SMEs) in the creative economy and improve their
ability to enter global markets;

Create growth engines to pioneer new markets and new industries;

Foster global creative talent that has the sprit to challenges and pursue dreams;

Strengthen innovation capacities in science, technology and ICT, which form the foundation of the creative economy;

Promote a creative economic culture together with the Korean people.
For the implementation of the strategies the government will rely both on the coordination of relevant ministries and agencies through
the newly formed MSIP and, on the creation of a public-private partnership. Creativity received importance also from previous
governments and, the targets and measures set by the Creative Economic Plan are not a break from the past. The main novelty is the
attention deserved to venture firms and start-ups; they are regarded as the key to create new markets and jobs.

3.5.2 R&D Policy
In 2013 was launched the third S&T plan, the Basic Plan for Science and Technology, which identifies the general strategy Science &
Technology plan up to 2017. The main objectives are:

Increase the contributions of R&D to economic growth from 35.4% to 40.0% through the new concept of creative economy;

The creation of 640,000 new jobs;

The entrance of Korea in the world top 7 for innovation capabilities.
The government wants to accomplish these three goals with five strategies under the responsibility of the MSIP:

Enhancement of R&D investment, raising it by 35% from the previous government;

The strategic development of 120 technologies covering energy, environment, ICT and healthcare fields;

Building mid to long-term creative capability through greater funding for basic sciences and international exchange;

Greater support for SMEs and venture companies in new industries and the stimulation of intellectual property generation and
commercialization;

Creating new science related jobs, in part through new measures to boost start-ups.
These guidelines and the past policies produced excellent results. In 2013 Korea had a GERD intensity of 4.15%, ranking 2nd worldwide87
(behind Israel) with a total expenditure of about $50 billion88. The MSIP and the Ministry of Trade, Industry and Energy (MOTIE) accounted
respectively 31.9% and 30.4% of total expenditure. Other ministries with significant research responsibilities include: the Defence
Acquisition Program Administration (DAPA), the Small and Medium Business Agency (SMBA), the Ministry of Land, Infrastructure and
Transportation (MOLIT) and the Ministry of Strategy and Finance. The support of the government to business R&D is balanced between
direct and indirect funding. In 2013 direct funding accounted 0.18% of GDP, while indirect, in the form of tax incentives, accounted 0.24%
of GDP. The Korean R&D personnel per thousand employment of 16.02 was the 5th (Israel ranks 1st with 21.14) in the world: each 1000
workers there were 13 scientists and 3 technicians involved in R&D activities. In 2003, only 8.5 jobs per thousand workers were R&D
related. In ten years ROK achieved the highest national increment in terms of R&D personnel per thousand employment: other countries
increased slightly or decreased. In 2011, Korea spent 2.61% of GDP (about $32 billion) in higher education, ranking 3rd worldwide. Korea’s
performance in relation to information and communication technologies is notable in terms of trademarks, designs and patents. It is
reflected on the percentage of applications it filed in the Intellectual Property Offices of Europe, Japan and U.S. with respect to the total of
national and international applications: between 2011 and 2013, it ranked 6th, 4th and 3rd respectively in the European, U.S. and Japanese.
According to the revealed technological advantage index, based on IP589 patents, Korea is specialized both in ICT and nanotechnology.

3.5.3 International cooperation policy in R&D
Korea has been characterized by low levels of international cooperation in the past due to its catch-up approach. The last decade the
picture started changing but effort is still needed. The following data presented at the 21st European Association of Research Managers
and Administrators (EARMA) conference, Leiden, represents the current total number of South Korean R&D projects and differentiates
them in Non- Cooperating Projects, Domestic Cooperation Projects and International Cooperation Projects. Out of 42,522 projects
currently running, 7,650 involve domestic cooperation and 736 involve international cooperation. The shares are represented by figure 21.
In 2003 the ROK government took a more global perspective on S&T than the domestically centred policy the government had adopted in
the past. It sought to liberalize S&T policy and strengthen international cooperation, in particular with Northeast Asia. The objective was
mainly to reinforce the global competitiveness of Korean industries and regions.
In 2008 Lee administration’s STI policy was focussed on the attraction of scientists and engineers capable of conducting world-class,
creative and original research. In this context, the government planned to double the share of basic research in total government
expenditure on R&D, while stepping up its efforts to produce creative talents by integrating education with S&T.
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Figure 21 - Share of projects by cooperative nature
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The third five-year basic S&T plan poses even major emphasis on international cooperation. Among the objectives:

Expanding international joint research on global challenges(e.g. climate change, energy);

Establishing Korea as a hub of global science and technology;

Building infrastructure for international cooperation.
At the moment the biggest instruments for the implementation of the international cooperation strategy are the MSIP's Global Project,
implemented by the MSIP and the MOTIE’s international joint research and development program leaded by the MOTIE
MSIP's Global Project
The project, officially under the responsibility of MSIP sees the intervention of many national participants. The MSIP and the ministry of
foreign affairs exchange information in order to implement a coherent plan; the first furnish information on the program, the latter
provide local countries’ information. The official responsibility of the MSIP is to establish, announce and select a program plan on the basis
of the information flow between the aforementioned actors. This is done through the NRF, a branch of MSIP which is responsible for
agreement stipulations and reporting; this organ has a direct contact with the national players involved in the project which have
autonomy in their relationships with the foreign partners.
The program is divided in two tracks: the Institute cooperation (Track A) and the S&T Innovation Center Support Project (Track B). Track A is
an inter-institutional cooperation program, Track B is instrumental to the establishment of local S&T Innovation Centers. The objective of
track A is to sustain researchers and improve national universities and research institutes. Track B, via the creation of the S&T Innovation
Centers, wants to provide a pole of education for the operators (participants to the program) by looking at innovative and sustainable
solutions for their facing problems. Knowledge is shared among countries and many of the challenges faced can provide business
opportunities. More precisely, Track B is involved in the following activities:

R&D: Localization, Commercialization, Local Development;

HRD: Education development, Education and Training, Expert Training;

Network: Village, Neighbourhood Areas, International Cooperation.
The total budget (Track A + Track B) is $10.1 million. Track A accounts the 77% of the total budget and as of 2013 it financed 10 projects.
Each project can receive resources in the range of $50,000-100,000 per year for a maximum of 3 years and a minimum of 1 year. Track B
accounts for the remaining 33%, finances for 4 years in the range of 1 to 2 million per year. In 2013 Track A sustained the following
projects:
 Cooperation on bioresources with Tanzania Wildlife Research Institute(TAWIRI);
 Screening anti-cancer agents from native plants and detecting biomarkers for early detection of oral premalignant and malignant lesions
in Sri Lanka;
 Promotion of establishment of a center for the development of cement production technology and human resources at Adama Science
and Technology University(ASTU) in Ethiopia;
 Enhancing health care system by utilization of multidisciplinary DB of African medicinal plants;
 Joint Study and improvement of research capacity on natural resource in Mongolia;
 Basic Science Infrastructure for Sustainable Development of Cambodia;
 International collaboration project on establishment of environmental-friendly soil management and agricultural production foundation
in Cambodia;
 Genomic resource development for improving bioenergy plant Jatropha in Indonesia;
 Establishment of Seed Potato Production System and Organization of Production systematization in El Salvador;
 Establishment of Standardization Systems for Infectious Disease Diagnostics in Myanmar.
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In 2013 Track B financed only one project, a Science and Technology Center for Innovation with water as main field of inquiry. Its core is
about the development of a disinfection technology using solar energy. The center works toward the following goals:

Attainment for MDGs90 goal to reduce water and sanitation vulnerability in Cambodia;

Positioning as central hub for water and energy division in Southeast Asia countries that could give solutions to many developing
countries with low energy and sanitation technology for business or/and humane purpose;

Expansion to EDCF project after building up the science and technology center of innovation or to the neighbouring countries as
Myanma, Nepal, Laos and Indonesia;

Launching business to Korean young businessman into developing countries with item of water and energy collaborated with KOTRA,
KOICA and NGOs.
MOTIE’s international joint research and development program
Motie acts in the international scene via the Kora Institute for Advancement of Technology (KIA). The latter recognizes the importance of
open innovation for growth and sustains it via an active international collaboration. This organization is involved in 4 categories of intercountry cooperation:

Bilateral;

Multilateral;

Korea-Israel industrial R&D foundation (Koril RDF);

Infrastructure establishment;

Emerging country cooperation.
In 2012 the government allocated $51.2 million to international cooperation. The majority was absorbed by bilateral and multilateral
cooperation (accounting respectively $37.5 million and $8.5 million), the latter being divided into the EUREKA and FP7 cooperation;
infrastructure establishment and emerging country cooperation were relatively small (accounting respectively $3.2 million and $1.4
million). Figure 22 provides a summary. Bilateral joint R&D programs consist of government sponsorships on collaborations between
Korean entities and overseas institutions. They represent the 73% of the funds allocated to international cooperation in R&D. These plans
can be financed either by one or both countries. The beneficiaries can be companies, universities or R&D institutes. ROK finances calls for
two kinds of program, needs-driven and market oriented. The first is driven by R&D’s policy directions and provide funds between
$180,000 and $900,000 per year, from 2 up to 5 years. The market oriented branch is focused not only in the innovation purposes of
technology development but also in its profitability; project planning-R&D and commercialization are implemented with the aid of
outstanding international universities (The Georgia Institute of Technology in U.S. and the University of Strathclyde in Europe). This more
encompassing project finances between $270,000 and $450,000 per year, for 3 years or below.
Figure 22 – International collaboration, budget 2012
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Bilateral programs with joint financing sees equal expenditures from both sides. This kind of agreement has been designed especially for
China and Israel. In particular the Korea-Israel bilateral program can assume 3 different shapes:





Feasibility study project: 3 months, Max. $30,000;
Mini-scale R&D project : 12 months, $100,000;
Full-scale R&D project: 36 months, $1,000,000.

Bilateral collaboration with China entails:




Tech area: ICT collaboration;
Full-scale R&D project: 2-3yrs, 270,000 to $450,000 (funds are provided only by the Korean side).

Until 2013, multilateral cooperation was accomplished via two agreements: The EU Seventh Framework Programme (FP7) and EUREKA.
The first accounted for 2.7% of the total (Korean) expenditure for international cooperation. The core of the project was the Collaboration
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Program which set obligation in cross border partnerships in different themes: health, food, agriculture and fisheries, and biotechnology;
information and communications technologies; nanoscience, nanotechnologies, materials and new production technologies; energy;
environment transport (including aeronautics); socio-economic sciences and the humanities, space and security. A vast range of
participant could apply to the program, from universities to SMEs to public administrations. In 2013 the program extinguished and has
been substituted by Horizion2020. Korean researchers, universities, research organisations and enterprises can apply to Horizon 2020 but
they are not immediately eligible. They need to determine the sources of funding and find the resources for their part of the project; a
crucial role in this direction is played by the two ministries MOTIE and MSIP which periodically launch public calls to fund projects to be
inserted in this European framework. In June 2015 the Joint Science & Technology Cooperation Committee identified the new thematic
areas of interest: 5G-next generation communication networks, Internet of Things and cloud services, CO2 capture technologies and
cooperation through multilateral initiatives on nano-safety and on infectious disease preparedness. The program comprehends
opportunities for top researchers from Korea to be hosted by European Research Council grantees in Europe. Potentially multilateral
cooperation can be implemented also via EUREKA; Korea became an associate country in 2009 and KIAT provides R&D funding and
matchmaking support for Korean participation up to €200,000 per year, up to three years. This program has not been fruitful despite his
high potential: In 2010-2015 South Korea has not been involved in any projects.
Koril-RDF is a specific program designed for the South Korea-Israel cooperation. It is the result of an agreement signed by MOTIE and MOE
(Ministry of Economy, Israel) in 2001. They established a no profit joint-venture to foster economic growth via the creation of
technological joint-ventures and collaborative R&D projects. The two countries provided $6 million to finance the activity of the
association between 2001 and 2004. Subsequent incremental steps led to increasing budgets over the years, in particular, 12$ million
were assigned to the 2013-2016 project. The foundation finances feasibility studies and mini and full scale projects. As of October 2013,
131 projects have been approved for a total of $30 million. In September 2014 the total projects increased to 145, of which, 103 full-scale.
The international cooperation infrastructure comprehends many programs. Among them, the intergovernmental council, an instrument to
promote international cooperation, especially between the private and the public sector through the establishment of efficient
infrastructures. There are also many interesting past agreements as the STIP Agreement signed between UK’s Department of Business,
Innovation and Skills (UK BIS) and MOTIE in 2004; The projects running in 2013 include themes such as flexible and printed electronics,
translational neuroimaging, energy storage systems, cell cycles, nuclear decommissioning and cyber security.
Another interesting agreement has been signed with China MOFCOM* in 2002. It supports annual Korea-China Technomart (technology
trade) events to sustain reciprocal trade and technology transfer. It is worth mentioning also the Global Commercialization Center (GCC)
and the enterprise Europe Network (EEN). The first supporting technology transfer and commercialization, the second allowing small
foreign enterprises to enter the European single market.
From figure 22 it can be observed there exists also a program of Emerging Country Cooperation. Inside this framework the collaboration
with Vietnam is very strong. The latter is focused over three aspects: Material and Component Cooperation, Vietnam industrial technology
education and the Vietnam Incubator Park Project.
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3.6 United States
3.6. 1 History: The Federal innovation system: from 1900 to 2016
The United States has implemented Research and Development activities since the end of the 19th century. At the very beginning
innovation was produced almost unconsciously to satisfy short-term productive and commercial exigencies. As a rule, new discoveries had
two sources: the interaction between designers and producers seeking to decrease firm’s costs, and the interaction between sale
representatives and field engineers, whose meetings aimed at understanding customers’ desires and extrapolating information on
competitors with reverse engineering and other practices. This raw R&D setting took shape when some firms started hiring Ph.D.
scientists to work on upstream activities, such as testing and studying, especially in the field of material sciences. The process was slowed
down by some frictions: antitrust law impeded mergers and cross-licensing. In 1919 industrial laboratories employed less than 3000
employees and most of them were concentrated in the Middle Atlantic region, close to Wall Street and universities; these structures were
mainly properties of railroad and chemical companies. In the rest of the country, innovation was still conducted sporadically either with
unconsciousness, through the aforementioned collaboration mechanisms, or through acquisitions from small inventors. In contrast with
antitrust law, the Government facilitated the spreading of the R&D culture by sustaining Research & Development especially in the
agriculture and mining sectors, at the time cornerstones of the American economy. The support extended up to the federal level and was
about the creation of a complex of public institutions able to gather, produce and disseminate knowledge with the aid of universities. This
system gave the United States a competitive advantage in the mining of precious metals, fossil fuels and manufacturing activities in the
global markets. Before World War I, the main achievement of the public participation in innovation activities has been the
institutionalization of R&D as a pillar of export-led growth. During World War I the antitrust obstacle was soften to mobilize private
innovation towards the exigencies of the army. Under government pressure, the industry shifted the attention of its innovation
capabilities towards strategic technologies such as sonar, radio, fuels, military boats and trucks. In this phase, companies realized that
military technology could have had a profitable civil use. A revolution began: the number of scientists working in R&D facilities in 1940 was
ten times the number in 1920 surpassing the 27,000 units. Between World War I and World War II, public R&D activities were just a little
share of the total. Innovation was conducted mainly at the industry level or inside universities.
World War II represented the stepping stone to the U.S. innovation system. Private companies, universities and public institutions
benefitted of huge and unprecedented government’s investments for defence-related R&D. Two channels were of major importance:

The War and Navy Departments assigned 800 USD million funds to private and public institutions for research on aviation,
electronics, advanced calculation and nuclear technology.

Under the guide of Vannevar Bush, the National Defense Research Committee (NDRC) signed 2300 contracts distributed among
321 private companies and 142 academic institutions through the Office of Scientific Research and Development (OSRD). The
amount invested, 350 USD million, was highly concentrated in the top ten of the beneficiaries: the MIT and Caltech received
200 USD million in contracts, Harvard and Columbia 30 USD million, and so on. Despite this high concentration, many institutes
relied on subcontractors guaranteeing positive spillovers. Accounting for two thirds of total expenditure, the main beneficiaries
of the program were academic and non-profit institutions.
Immediately after World War II the paradigm of innovation came under discussion. Vannevar Bush proposed the so called linear model: he
thought scientists should have been put in condition to conduct research independently of the army and external influences. In his vision
the government had to provide the majority of the funds for innovation, guaranteeing independence. In particular, he advocated the
creation of a federal agency allocating resources by peer review and the separation of basic knowledge, to be produced by academy, from
applied knowledge, to be produced by industry and military laboratories. The congress didn’t embrace the proposal due to its antihistorical nature. In fact, at the time of the discussion, U.S. firms started gathering the results of the tight linkages with the defence
department. From television to electronic computers to aviation, many of the commercial novelties of the post-war were due to the
wartime experience and the defence procurement. The linear model, despite embraceable, represented a discontinuity with respect to
well-working policies and was not accepted. During the Eisenhower government (January 20, 1953 – January 20, 1961) the R&D federal
expenditure grew at fast pace due to the war against Korea and the Cold War. As a result the federal budget grew from 1.2$billion in 1951
to 3.1$ billion in 1953 and almost all of the increment was assigned to the Defense Department. Eisenhower was concerned about military
industries exerting an undue influence on government policy but, nonetheless, recognized the importance of dual-purpose technology
with civilian and military applications. For this reason, university and colleges funding were ridiculous with respect to the resources
invested in industrial and defence research. Of the $9 billion the federal government spent on R&D in 1960, eight of every ten dollars had
defence purposes. Another seventy cents of each ten dollars went to the space program, a civilian program, but one with strong ties to the
military and driven by Cold War objectives. Corporate R&D federal funds were 3.7 times what they were at the start of the presidency, an
increase of 270% even after adjusting for inflation. In 1957 Federal dollars were financing 56% of the R&D performed by industry and this
percentage remained stable until 1967 (54%). The non-Federal resources for research grew as well by 75% from 1953 to 1960.
Universities accounted the 9.5% of government expenditure and performed half of the basic research of the country. Overall, in these
years the role of the government has been fundamental in triggering industrial, university and defence innovation. During the Kennedy
(January 20, 1961-November 22, 1963) and the Johnson administration (November 22, 1963 – January 20, 1969) the government still
financed the larger portion of R&D National expenditure. Defence was the main focus but space efforts increased substantially for the
complement of the Apollo 11 mission (1969). In 1968 defence and space R&D respectively accounted 52% and 27% of the Federal budget.
Despite the high concentration of research investments, another player emerged in the national scene in those years: the National
Institutes of Health (NIH); its share of federal expenditure was 7.1% during the Kennedy administration. From the Eisenhower
administration to the next 50 years the total research expenditure oscillated between 2.12% of GDP, in 1978 with the economic crisis, and
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2.88% of GDP, reached twice, both for the preparation of the Apollo mission and the President Obama’s economic stimulus of 2009. The
government expenditure decreased through time and in 1978 equalized non-federal resources. From that moment the United States
performed an inversion of funding sources and private funding became the principal support of U.S. research. Not only the proportion, but
also the composition of the Federal aids changed: universities and non-profits started benefitting more, while industry relied more and
more on its own resources. This was due to higher government efforts in basic research than ever before. In particular, emphasis was
posed on the NIH, which saw large and steadily increasing investments after the Reagan administration (20 January 1981 - 20
January 1989). Over the years the NIH conducted research on cancer, heart disease, and diabetes, while also broadening support for new
areas such as AIDS research. These topics were prioritized especially during the Clinton (January 1993 - 20 January 2001) and Bush II (20
January 2001 - 20 January 2009) administrations, and stimulated high quality basic research. The health-related investments were mainly
absorbed by medical schools, including the departments of chemistry and biochemistry, and research hospitals; it was used especially for
drug-research and evaluation. University R&D was spurred in 1980 by the Bayh-Dole act: part of the innovation resulting from federalfunded research could be appropriated through patent rights. As a result many universities invested in research and commercialization
capabilities. The number of patents granted to these institutes grew enormously, registering a 7-fold increase between 1982 and 1998.
The stimulus produced excellent results in terms of biochemical and chemical patents with pharmaceutical purposes: 41% of the patents
granted to universities before 2012 regarded drug, bio-affecting and body treating compositions, molecular biology and microbiology
(chemistry), organic compounds and surgery91. Physics and mathematics were somehow forgotten: federal funding started flowing into
just at the beginning of the 2000, when nanotechnology gave them new impulse.

3.6.2 R&D policy
With a GERD of 456.977 USD billion, the United States is the first country in the world for R&D expenditure (the 2nd is China, with 336.495
USD billion). Despite the resources allocated to R&D and the overall innovation system, in general, U.S. innovation policy is thought to be
less sophisticated and less well thought out than it is in many other nations. The U.S. system for supporting scientific research is based on
two fundamental aspects: support for mission-oriented research (e.g., defense and health) largely to federal labs, and support for basic,
curiosity-directed research through university funding. The federal government financed approximately $140 billion of R&D activity in
2013. The United States funds a system of between 80 to 100 government research laboratories (some are government operated, while
some are private contractor operated). The largest labs are funded by the departments of Defense and Health. For the most part, research
is funded to help agencies better achieve mission goals. While not part of the National Labs system, the Defense Advanced Research
Projects Agency (DARPA) and Advanced Research Projects Agency-Energy (ARPA-E) have also played an important role in the development
of cutting-edge technologies initially designed to support core agency missions (e.g., defense or energy efficiency) that over time have
yielded substantial technology spinoffs to the U.S. and global economy (e.g., the Internet, lasers, etc.). In 2016 the share of federal R&D
funds for the Department of Defence (DOD) and NASA is estimated to be respectively 49.5% and 8.5%. Another important department for
R&D federal funding has been the Department of Energy (DOE), which in 2016 is going to receive 12.27 USD billion. Figure 23 shows the
evolution of the federal contributions to DOD, NASA, DOE and HHS92 in the period 1976-2016; over the period considered, in total, they
never received less than the 87% of the total budget. The picture clearly shows two trends: the stable supremacy of the DOD in fund
attraction, and the increasing role of health related research (HHS).
The linear model advocated by Vannevar Bush in the post war period, despite initially opposed, found less resistance through the years
and received broad application within the university system. Today, even if departments as the DOD, DOE and NIH funds higher education
research to help them achieve their goals, the National Science Foundation (NSF) funds university unrelatedly with respect to public
agency missions’ goals, guaranteeing a certain margin of independence. The federal state provide the bulk of the funds for science &
engineering research at university; in 2013 it provided 39.40 billion dollars (60.4% of total expenditure), most of which (16.472 USD billion)
have been provided by the NIH. Figure 24 shows the federal sources supporting university R&D starting from 1990.
In 2013 industry financed the 70.32% of total GERD showing high commitment towards S&T. The government financed only 9.16% of the
R&D performed by the private sector, In part because of an aversion toward anything that might smack of heavy-handed industrial policy,
and in part because it believes firms are often better positioned to identify the technology areas of most commercial promise.
Today, the Obama Administration has committed itself towards the achievement of the following objectives:

Connect Americans to a Modern Broadband Communications Infrastructure

Lower Health Care Costs by Advancing Health IT

Modernize Public Safety Communications

Upgrade Education To Meet The Needs Of The 21st Century

Develop New Clean Energy Sources

Develop Next Generation Manufacturing Technologies

91
92

United States Patents and Trademark Office
The HHS is the United States’ Department of Health and Human Services. Its research budget is almost entirely absorbed by NIH
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Figure 23 - Federal R&D budget
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Figure 24 – Federal sources supporting university R&D
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3.6.3 International cooperation policy in R&D
The Department of Defence (DOD)
The DOD is the first recipient of Federal funds. Since 1953, defence related R&D received each year at least 46.07% of the total budget and
played a decisive role in creating and stabilizing the technological lead of the Country. This goal was not reached in isolation using
exclusively local resources and competences; instead, the Department relied also on foreign scientific and engineering developments.
There are many past and recent examples. The following well-known scientists cooperated successfully with the DOD:

Enrico Fermi: Italian physicist, winner of the Nobel prize in 1938 for research on neutron irradiation and nuclear reactions;

Heinrich Hertz: German physicist who experimentally demonstrated the production and detection of Maxwell’s waves;

Sir Robert Alexander Watson-Watt: Scottish physicist who developed the radar;

Tim Berners-Lee: English physicist, father of the World Wide Web;

Charles K. Kao: Chinese physicist, Nobel Prize Laureate in 2009 for ground-breaking achievements in fibres for optical
communication;

Andre Geim and Konstantin Novoselov: Russian physicists, winners of the Nobel Prize in 2010 for for ground-breaking
experiments regarding the two-dimensional material graphene.
If the attraction of high-qualified foreign scientists has always been an asset for the DSD, so has cooperation with other countries:

The Technical Cooperation Program (TTCP) with the United Kingdom, Canada, Australia and New Zealand, its five eyes
partners;

The North Atlantic Treaty Organization’s Science and Technology Organization (NATO STO).
The DOD’ S&T Program is guided by a variety of S&T Laboratories and DOD Agencies, most of which maintain offices both within and
outside the United States. Foreign offices, apart from collaboration, work for preventing technological surprises. The latter can be
broadly defined as major technological breakthroughs in science or engineering, revelation of secret progresses, temporal surprises
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and innovative technology applications93. In 2005, under the pressure of the Global War on Terror (GWOT), in the International
Science and Technology Strategy for the United States Department of Defence 94it could be red: “Currently, the non-U.S. component
of global R&D is more than 60% of the total global investment and is expected to continue to outpace the U.S. contribution.
Leveraging this investment through international partnerships is an intelligent strategy not only for the U.S., but for all nations that
have the technological capacity to enter into mutually advantageous partnerships. The rationale for these partnerships include:
mutual enhancement of resources for both the United States and its partners, risk reduction through multiple technical approaches to
solve difficult technical problems, access to unique research laboratories and facilities, improving the warfighting capabilities of all
involved, and the potential for enhancing interoperability during coalition operations”. The advantages of international cooperation
were identified in:

Resource Enhancement: recognizing the global distribution of talents in scientific and engineering topics, the DOD can
exploit the competences of its allies through profitable partnerships;

Multiple Technical Approaches: multiple teams with different perspectives taking different technical approaches and
sharing incremental progresses in real time may improve research;

Unique Resource Access/ Availability;

The opportunity of Improving Warfighting Capabilities;

Enhancing Interoperability.
In 2005, the International Science and Technology Strategy for the United States Department of Defense identified five priorities and 3
transformation initiatives to face the challenges of an uncertain future
Table 10 – Priorities and transformation initiatives for the DOD

Priority
Basic Research
Information Assurance
Battlespace Awareness
Force Protection
Reduced Cost of Ownership

Transformation Strategy
Hypersonic Flight
Access to Space
Space Technology

Source: International Science and Technology Strategy for the United States Department of Defense

Basic research was recognized as one of the most fruitful areas for international cooperation and the DOD committed to long-term
investment for significant improvement of military capabilities. Information assurance is thought to become even more important to fight
cyberterrorism and to protect critical information systems. Battlespace Awareness’ importance is due to the proliferation of sensors and
associated processors for battlespace use. Force Protection is about technologies associated with contamination avoidance, protection,
and force sustainment will continue to be emphasized, as will technologies to identify hardened and deeply buried targets and provide
timely notification to shooters. Reduced Cost of Ownership is considered of strategic importance because the cost of ownership,
operation, maintenance and evolutionary upgrade is at times greater than the cost of acquisition for many systems. The concerns
expressed by the DOD in 2005 about the increasing level of foreign R&D were present also in the 2014 Quadrennial Defense Review: while
the global technology landscape indicates that the United States should not plan to rely on unquestioned technical leadership in all fields,
the Department must ensure that technological superiority is maintained in areas most critical to meeting current and future military
challenges.The authors of Globalization of S&T: Key Challenges Facing DOD concluded that This ability to remain cognizant is important
because by 2050, countries other than the United States will produce most scientific knowledge. Maintaining an authoritative awareness of
S&T around the world will be essential if the United States is to remain economically and militarily competitive. This awareness includes the
ability of the U.S. S&T workforce to authoritatively interpret trends in global S&T. For instance, the U.S. S&T workforce must be able to
quickly recognize movements in the frontiers of knowledge and the potential for new military applications stemming from new knowledge
or a combination of existing knowledge and new technology. The required awareness can be maintained only if the U.S. S&T workforce is a
participant in the global S&T community. This is true for the DOD S&T workforce as well.
The defense research enterprise (DRE) is comprised of researchers at each of the Services’ (Navy, Air Force, and Army) laboratories and
warfare centers, University-Affiliated Research Centers (UARCs), and Federally Funded Research and Development Centers (FFRDCs). DOD
also funds a large community of extramural researchers in academia and industry. The objective of the internal and extramural research
portfolios is to fund the most promising, relevant technologies and, therefore, includes international researchers as appropriate.
The Army Research Laboratory (ARL) conduce international R&D collaboration through the ARL International Enterprise Group. Apart from
standard R&D projects, international cooperation is encouraged also by providing researchers with the opportunity to attend conferences
and to visit universities and research institutes overseas. In addition to funding international researchers, ARL has also created an
international S&T website to create links between its program officers and counterparts in the United Kingdom, Israel, and Italy.
International engagement has been critical for the attainment of important results in the synthesis of energetic materials and robust
acoustic vector sensor and ground-penetrating radar; despite this, many ARL researchers noted that security restrictions make it difficult
for non-U.S. research collaborators to work on site and to share computing facilities, patents, modelling and simulation codes, etc. The
budget for international collaboration of ARL is the smallest of the three Services.
The Naval Research Laboratory (NRL) has approximatively 200 projects involving 27 countries. In the Naval Research Enterprise,
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National Research Council, Avoiding Technology Surprise for Tomorrow’s Warfighter: A Symposium Report
Department of Defense, Defense Research and Engineering, International Science and Technology Strategy for the United States Department of Defence
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information sharing is ad hoc, based on S&T personal interest and produced mainly through research sharing of trip reports or conference
proceedings. NRL researchers noted that security protocols slow down the pace of innovation by limiting public release of research results
– impeding the creation of international networks – and by restricting internet communications – impeding even communication between
NRL and its international counterparts- .
The Air Force Research Laboratory (ARFL) is engaged in international R&D mainly through bilateral agreements between governments.
Currently, there are 18 bilateral agreements and they are managed by the AFRL International Program Office. ARFL researchers benefit
from the opportunity of attending technical forums overseas, participating in exchange program and being assigned to foreign defense
laboratories. AFRL is updating its plans and it is expected to increase its international engagement; already in 2013, the Air Force Global
Horizons Study, led by the Air Force Chief Scientist, stated: Strategic opportunity exists to leverage 1.4 USD trillion in global R&D
investment; rapid and efficient leverage of global invention/innovation is essential to sustaining advantage 95.
Overall, the DRE’s international science and technology strategy is not changed since 2005; it can still be found in the document
International Science and Technology Strategy for the United States Department of Defence. It is conducted through a tiered approach.
Firstly, each Service have to maintain international technical representatives to serve as liaison with the international S&T community; not
only government to government but with academic and industrial entities as well. Secondly, international agreement should be
consolidated by bilateral and multilateral agreements concerning the exchange of people, information and material. If the strategy is
rather generic, at least, a 2014 document96 identified 17 technical areas of interest for international R&D engagement:


















Advanced electronics;
Air Platforms;
Autonomy;
Biomedical;
Command, Control, Comms, Computers, and Intelligence (C4I);
Counter IED;
Counter WMD;
Cyber;
Electronic Warfare/ Electronic Protection;
Energy & Power Technology;
Engineered Resilient Systems;
Ground & Sea Platforms;
Human Systems;
Materials & Manufacturing Processes;
Sensors & Processing;
Space;
Weapons Technologies.

The National Institute of Health (NIH)
The NIH provides grant money for international research projects, international research collaborations and international research training
through the John E. Fogarty International Center for Advanced Study in Health Sciences. The latter supports and facilitates global health
research conducted nationally and internationally, creates international partnerships and provides training. Fogarty funds 400 research
and training projects, involve more than 100 U.S. universities and until today trained about 5000 scientists worldwide. The center employs
the best scientists around the world to address critical global health research problems such as polio eradication, the impact of climate
change on disease outbreaks and strengthening research capacity in Africa. Fogarty is divided into four divisions:

Training researchers, at home and abroad

Planning for future global health needs

Encouraging research through diplomacy

Predicting and analysing disease outbreaks
The current strategic plan of the centre identifies five goals and many other strategic priorities nested on them:

95
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Global Horizons, United States Air Force Global Science and Technology Vision
Reliance 21, Operating Principles: Bringing Together the DoD Science and Technology Enterprise
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Table 11 – Goals and Strategic Priorities of the Fogarty International Centre

Goals
Build research capacity through individuals, institutions and
networks to meet future and evolving global health challenges

Stimulate innovation in the development and implementation of
technologies and other locally relevant solutions to address global
health problems

Support research and research training in implementation
science

Advance research on prevention and control of the dual burden
of communicable and noncommunicable diseases and disabilities

Build and strengthen partnerships to advance global health
research and research capacity

Strategic Priorities
Support training of individuals to build future research leaders in
the U.S. and low- and middle-income countries
Invest in institutions as sustainable platforms for research in
LMICs
Promote research networks
Stimulate linkages among disciplines to address complex global
health problems
Support the enhanced use of information and communication
technologies to facilitate and improve health research education
Encourage innovation in the development and implementation of
mobile and other technologies, systems, and policies to address
global health problems
Expand investment in research and research training in
implementation science across programs
Catalyse interaction between researchers, policymakers and
program implementers to promote uptake of evidence into
global health policy and practice.
Support research and research training in clinical, behavioural
and population sciences
Identify ways to leverage investments in communicable diseases,
including HIV, to better address the dual burden of disease
Engage and support the NIH Institutes and Centres to advance
their research agendas for global health
Forge partnerships at home and abroad to leverage
complementary interests and strengths
Convene global experts to address priority research questions
and catalyse new areas of science

Source: John E. Fogarty International Center for Advanced Study in Health Sciences

Between 2012 and 2015 the Fogarty centre received about 65 USD million per year. In 2016, it will receive 69.5 USD million, which, will be
spent according to the following pie chart.
Figure 25 – Fogarty Centre Budget 2016
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Other Research
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Source: John E. Fogarty International Center for Advanced Study in Health Sciences

The Fogarty international centre’s coordination in biomedical and behavioural sciences is active worldwide. An overview of the research
efforts by region follows.
East Asia and the Pacific Region
Some activities are the fruit of bilateral programs but the majority of international collaborations are initiated directly by scientists.
Fogarty has always sustained many programs in this region and focused especially on:

HIV/AIDS;

Population and Health;

Environmental and occupational health;

Emerging and re-emerging infectious diseases.
China
The HHS collaboration with China is conducted via the Protocol for Cooperation in the Science and Technology of Medicine and Public
Heath originally signed in 1979 and renewed in both 2003 and 2008. This protocol has been useful in facilitating partnerships regarding
public health, biomedical research, health-care and health-policy research, health administration, health finance and the control and
prevention of diseases. The current priorities of U.S. in China are:

Food and drug safety;

Control and prevention of infectious diseases;

The growing burden of non-communicable diseases;

Following the Chinese healthcare reform.
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India
The HHS collaborates also with India. Its local office has provided $200 million for cooperation

In biomedical, behavioural and social science research;

Through public health projects on HIV/AIDS, smallpox, polio, tuberculosis, malaria, influenza, maternal and child health, and
capacity building.

Australia
Australia is one of the major recipients of grant awards from the NIH. The U.S. Centers for Disease Control and Prevention (CDC) and
Australia are currently studying and treating:

Infectious disease among indigenous people;

Tobacco Control;

HIV;

Skin Cancer.
In the past, the collaboration with U.S. was focused on mental health. Today, Australian scientists can participate in NIH’s Intramural
Visiting Program which provides a stipend for two to five years for a foreign researcher to complete the post-doctoral training in an NIH
laboratory.
Europe and Eurasia
United States, Europe and Eurasia countries shares many health challenges, form the prevention of non-communicable diseases to
establishing strong disease detection and response infrastructures. The United States interacts with Europe and Eurasia in multiple ways.
U.S. federal agencies maintain close working relationships with their counterparts in many governments of the region, also through joint
working groups covering specific topics. Science and technology agreements help to foster research collaborations for faster
advancements. U.S. regulatory agencies maintain agreements with counterparts in the region for the exchange of safety
information. And the U.S. lends expertise to international organizations, in part through agreements placing U.S. workers within the
structures of the organizations.
Africa
The Office of Global Affairs (OGA) Africa supports HHS agencies by providing coordination with sub-Sharan African governments. OGAAfrica also aligns partners in multilateral projects to attain key health objectives in Africa. Currently, the United States are involved in
many projects, form the Emergency Plan for AIDS Relief (PEPFAR), to Malaria Initiative (PMI), Neglected Tropical Diseases (NTDs),
Tuberculosis Detection and Treatment, Meningitis A Prevention and Applying Genomics Research to Disease Burdens of Africa.
The National Aeronautics and Space Administration (NASA)
The National Aeronautics and Space Administration is involved in a great number of international bilateral and multilateral missions and
projects. It was founded in 1959 with the National Aeronautics and Space Act which, among the other things, established that the new
Agency had to pursue cooperation “with other nations and group of nations”. Since its creation the Agency stipulated more than 3000
agreements with more than 120 nations and international organizations and, today, it has more than 600 active partnerships. Its historical
partners has been Japan, Russia, Canada, the European Space Agency and several European nations, which accounts for the larger part of
the current and past cooperation. Recently, NASA started diversifying its portfolio and increased the number of projects with Africa, Asia
and the Americas. The international activity of the agency can be divided in five broad categories:

Science;

Human exploration and Operations;

Aeronautic Research;

Education and Outreach;

Multilateral Representation and Coordination.
Apart from few exceptions, bilateral agreements are typically about science. In the following, I present the collaboration that the Agency is
pursuing with a selected group of countries. For more details the interested reader can consult Global Reach: A View of Nasa’s
International Cooperation.
Australia
Australia is involved with NASA in two projects:

Deep Space Network (DSN);

Aircraft Icing Research.
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The DSN is an international network of antennas that communicates with interplanetary spacecraft, is used by radio and astronomers to
observe the solar system and the universe, and supports Earth-orbiting satellites. The network is composed by three stations: Goldstone,
in California, CDSCC, in Australia and, the MDSCC in Spain. Each DSN facility consists of three classes of deep space antennas equipped with
ultra-sensitive receiving systems and large parabolic dish antennas. The network allows constant observation of spacecraft as the Earth
rotates. The DSN agreement with Australia pertains to the category of Human exploration and operations and is active since the late 50s.
The Australian counterpart of the agreement is the Australian Commonwealth Scientific and Industrial Research Organization (CSIRO)
which manages the Canberra Deep Space Communication Complex (CDSCC) on behalf of NASA. Currently, Nasa is enriching the CDSCC
facility with two beam waveguide antennas.
The Aircraft Icing Research program is mainly about Aeronautic Research. Since 1988, more than 150 incidents concerning loss of power
of jet engines happened due to the ice crystal engine icing. A research team, in which is involved the Australia’s Bureau of Meteorology97,
will collect data in order to better understand the phenomenon. The primary campaign to collect data will take place in Darwin, Australia.
Japan
Collaboration with Japan is extremely diversified. The following table provide names, nature and a description of the collaboration
programs
Table 12 – Nasa-Japan R&D collaborations

Program

Category

Astro-H

Science

CALorimetric Electron Telescope(CALET)

Human Exploration And
Operations

Disruption Tolerant Networking (DTN)
Fermi Gamma-ray Space Telescope

Human Exploration And
Operations
Science

Global Precipitation Measurement (GPM)

Science

Hayabusa/Hayabusa-2

Science

Hinode

Science

International Space Station(ISS)

Human Exploration And
Operations

Magnetospheric MultiScale (MMS)

Science

Sonic Boom Research

Aeronautics Research

Suzaku

Science

Terra

Science

Tropical Rainfall Measuring Mission (TRMM)

Science

Description
Orbiting observatory for studying extremely
energetic processes in the universe
All-sky gamma-ray and electron astrophysics
observatory. It investigate the high-energy
universe by observing cosmic-ray electrons
Will extend the reach of the terrestrial Internet
across the solar system.
Spacecraft with the ability to detect gamma
rays created by the most energetic objects and
phenomena in the universe
International network of satellites that provide
next-generation global observations of rain and
snow
Advance the understanding of near-Earth
asteroids
Solar physics mission that is providing the first
solar optical telescope in space
The ISS functions as an orbital microgravity and
life sciences laboratory, a test bed for new
technologies in areas such as life support and
robotics, and a platform for astronomical and
Earth observations. The ISS also serves as a
unique engineering test bed for flight systems
and operations critical to NASA’s future
exploration missions
To study the microphysics of three
fundamental plasma processes: magnetic
reconnection, energetic particle acceleration,
and turbulence.
To better understand the impact that sonic
booms on human life
Studying extremely energetic processes in the
universe
Provides high-spatial-resolution, multispectral
images of Earth’s surface and clouds
monitors tropical rainfall and the associated
release of energy that helps to power the
global atmospheric circulation

Source: Global Reach: A View of Nasa’s International Cooperation.

97 The other members are Nasa, Airbus, Boeing, Environment Canada, the National Research Council of Canada, Transport Canada, the U.S. Federal Aviation

Administration, and the U.S. National Center for Atmospheric Research (NCAR)
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Russia
Nasa cooperates with Russia mainly through science programs. Table 13 offers an overview:
Table 13- Nasa-Russia R&D collaborations

Program
International Space Station (ISS)

Category
Human Exploration And
Operations

Lunar Reconnaissance Station (LRO)

Science

Mars Odyssey

Science

Mars Science Laboratory (MSL)

Science

Wind

Science

Description
The ISS functions as an orbital microgravity and
life sciences laboratory, a test bed for new
technologies in areas such as life support and
robotics, and a platform for astronomical and
Earth observations. The ISS also serves as a
unique engineering test bed for flight systems
and operations critical to NASA’s future
exploration missions
The primary objective of the LRO is to obtain
data that will facilitate returning humans safely
to the Moon and enable extended stays
Mars Odyssey mapped, for the first time, the
amount and distribution of chemical elements
and minerals that make up the Martian surface.
Its mission is to assess whether Mars has ever
had an environment capable of supporting
small life forms called microbes.
The Wind satellite gives scientists an
opportunity to study the enormous flow of
energy and momentum known as the solar
wind

Source: Global Reach: A View of Nasa’s International Cooperation.

European Space Agency (ESA)
Nasa has a long story of collaboration with ESA. These two space agencies cooperate at least since the 1980s. An overview of the programs
involving the two space agencies follows
Table 14 – NASA-ESA R&D collaborations

Program
Cluster-II

Category
Science

Description
The most detailed investigation ever of the
interaction between the Sun and Earth.

Euclid

Science

ExoMars

Science

Euclid is a European Space Agency (ESA)–led
mission to map the geometry of the dark
universe
Consisting of missions to Mars in 2016 and
2018, the ExoMars program seeks to establish
whether life ever existed on Mars

Hubble Space Telescope (HST)

Science

International Space Station (ISS)

Human Exploration And
Operations

ISS-Early Utilization

Human Exploration And
Operations

ISS-Human Research Facility-European Physiology
Module (ISS HRF-EPM)

Human Exploration And
Operations

James Webb Space Telescope (JWST)

Science
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Over its 22-year history, HST has been used by
astronomers to: take over a million exposures
and assemble hundreds of thousands of images
of the universe; take images of galaxies, etc.
The European Space Agency’s (ESA) primary
contributions to the ISS Program are the
Columbus Laboratory, Nodes 2 and 3, the
Cupola, the Automated Transfer Vehicle (ATV),
and the European Robotic Arm (ERA).
This cooperation permitted the location and
operation of hardware and experiments in the
U.S. Laboratory Module (Destiny) prior to the
delivery of the European Columbus Laboratory.
It also provided flight opportunities for two ESA
astronauts.
ESA provided the EPM, a single-rack multiuser
facility launched on Space Transportation
System (STS)–122 in 2008 for the Columbus
Laboratory on the International Space Station
(ISS). The Columbus Laboratory module is ESA’s
most significant contribution to the ISS.
James Webb Space Telescope (JWST), planned
for launch in 2018, will be a large infrared
telescope with a 6.5-meter primary mirror.
JWST will enable the study of every phase in
the history of our universe.

JUpiter ICy moons Explorer (JUICE)

Science

Laser Interferometer Space Antenna (LISA
Pathfinder)

Science

Rosetta

Science

Solar and Heliospheric Observatory (SOHO)

Science

X-ray Multi-Mirror-Newton (XMM-Newton)

Science

Source: Global Reach: A View of Nasa’s International Cooperation.
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The first large-class mission in ESA’s Cosmic
Vision 2015–2025 program, will spend at least
3 years making detailed observations of the
biggest planet in the solar system and three of
its largest moons
The LISA Pathfinder mission aims to validate
the performance of technologies for precise
spacecraft control.
The European Space Agency’s (ESA) Rosetta
spacecraft will be the first to explore a comet at
close quarters over an extended period of time
Its objective is to study the Sun from its deep
core to its outer corona and solar wind.
Each of XMM-Newton’s three telescopes
contains 58 high-precision concentric mirrors,
which are nested to offer the largest collecting
area possible to catch x rays.

Conclusion
Analysis of a country’s S&T policy is sterile and incomplete out of its national context. Hence, in chapter 3, each countries’ profile has been
introduced by a historical note identifying the principal nodes of past economy and S&T policies. In all the country cases, it has been
showed the existence of a high correlation between technology progress and GDP growth. This correlation is witnessed both by the timing
and by the coevolution of these two processes, consistent with the theory outlines in Chapter 1. In terms of timing, historically, innovation
has proved to be the sine qua non of growth: in the United States, GDP started growing in a modern fashion during the 1960s, the first
decade where the dual-use technology of World War II could find commercial applications; in China, sustained GDP growth began in the
1990s, after that the policy of plant imports was substituted by technology imports and measures to spread technology over the country
were taken; Israel experienced sustained economic growth only in the mid-1980s, after that an innovation focussed policy directed to the
sustainment of R&D based start-ups gathered the resources of the country towards technology progress; similar patterns can be inferred
for the other countries. In terms of coevolution, technology progress and GDP growth has shown to be symbiotic, self-reinforcing and
persistent: apart from short term oscillations, once they spread out, they kept growing and feeding each other. The timing suggests the
validity of the Supply-Push theory and the Solow-Swan model, while coevolution is the ultimate proof of the endogeneity of technology as
discussed in chapter 1.
This historical evidence is strengthened by the statistical data discussed in Chapters 1 and 2. Today, MFP and human capital are critical
determinants of wellbeing and represent the engine of the economy by sustaining together more than 70% of each annual increase in
world’s GDP. Intellectual assets taken as a whole- know-how, know-why, R&D and capabilities to conduct it – are the main inputs for value
production, relegating physical capital and labour to being marginal contributors.
The historical experience and the statistical evidences furnish the main rationale for investment in innovation, human capital, R&D and
science related activities. Once the innovation culture establishes in a country, in the form of mere absorption or pure creation, it sprouts
up and extend throughout the community, creating the condition for long-term gains.
But, history and today’s statistics alone cannot capture the essence of the present picture. Also present policies and future projections
play a key role in determining the best investment opportunities for the future. In terms of policies, it’s worth focussing attention towards
the Asian Countries such as China, Japan, India, Korea and Singapore, which in the last twenty years, on the wake of the Western world,
converted or are converting the mimicry sponge-absorption models in indigenous innovation paradigms for growth. The change often
came abruptly after the Asian crisis of 1997 (South Korea and Singapore) or after the fiasco of technology import policies (China) or, is
taking place after the failure of a too closed nationalistic self-reliance paradigm (India). This significant shift is accompanied by GDP and
trade projections that assign the balance of economic power away from its classical centre; as shown in figures 10 and 11, by 2060 China,
India and Africa will account about the 37% of worlds’ GDP and, Asia and Africa will account for about 50% of worlds’ export.
Forecasts show also a slowdown in world’s GDP growth and a change in the weighing of its sources; by the decade 2050-2060 MFP and
human capital are predicted to account more than 95% of GDP’s increment. These projections about GDP’s decomposition and trade,
together with the innovation commitment of Asia, push Western countries towards the strengthening of the higher education and R&D
systems to retain the global leadership; further investment in the upstreaming phase of production, especially basic and applied research,
is the key to face the future challenges and preserve influence and control on the global economy.
The international chessboard is changing. Overall, evidence, forecasts and current policies suggest that further commitment towards
science and technology, research and development and human capital, will characterize the world economy, spreading everywhere and
becoming the backbone of economic wellbeing. In an increasingly interconnected and wealty world, science and technology
breakthroughs happen everywhere. Cooperation in R&D in the future will become even more profitable than today by transecting
international boundaries and involving researchers from multiple nations. Specialization patterns in production and trade will profoundly
influence the local scientific output by narrowing the research field and deepening the indigenous know-how and know-why. Countries
with different curiosities and expertise will find profitable to engage in R&D colalboration thanks to the fluorishing of synergies,
complementaries and new interdisciplinary sciences. Furthermore, pretending that the projections described in the previous paragraph
represent an exhaustive picture of the current information of countries over the future development of the world economy, countries’
R&D and innovation efforts become self-reinforcing processes. All the players know that innovation is the key to stay at -or to reach theedge of world economy and that R&D, indivudually and cooperatively, is the mean. In such a context, the prevision of each others’
behaviours strengthen the needing to invest more in the prearranged plan and brings to the self-fulfillment of expectations.
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Appendix
The Solow-Swan model and the growth accounting framework
The Solow model is an abstract time continuous representation of a complex economy: it cuts through all the complications by
constructing a simple one-good, closed economy. It is inhabited by a large number of non-optimizing households and optimizing firms.
Households are the working units, own capital and save a constant exogenous fraction of their disposable income irrespective of what
else is happening in the economy; for the latter characteristic, households are said to be non-optimizing. Firms are assumed to be identical
and, at each point in time, they choose how much physical capital and labour force to employ in the production process buying them from
households in competitive markets. Since firms are identical, it is innocuous to consider a unique representative firm which produces the
final good according to the equation
( )

( ( ) ( )

( ))

where ( ) is the total amount of production of the final good at time , ( ) is the capital stock, ( ) is total employment, and ( ) is
technology at time . The capital stock ( ) corresponds to the quantity of machines, equipment and infrastructure used in production. It
is assumed that capital is the same as the final good of the economy but, instead of being consumed, it is invested for production
purposes. The technology ( ) has no precise unit of measure; it represents a broad definition of technology which incorporates the
effects of the organization of production and efficiency of inputs’ usage. A major assumption is that technology is a public good, meaning
that, it is non rival in consumption –the consumption of technology from a firm does not preclude its employment from others- and nonexcludable – is not possible to prevent a firm from using technology-. These characteristics automatically exclude the possibility of patent
filling and pricing; therefore, ( ) can be interpreted as the quantity or quality of basic research financed by governments at time . The
production function expresses the relationship between inputs and output; it is subject to the following assumptions

is differentiable
is twice continuously differentiable

(

(

)

(

)

)

(

)

(

(

)

)

Inada Conditions
The first assumption states that the input quantities must be non-negative. The second, third and fourth assumptions are regularity
conditions which ensure the function is treatable with differential calculus. The fifth is called positivity of marginal products: an
additional small amount of capital or labour always produces an increment in output. The sixth is a concavity condition called diminishing
marginal returns: it affirms that consecutive additional small amounts of capital or labour have a decreasing impact on output. The
seventh one is called homogeneity of degree one: when capital and labour increase by the same amount, output increases proportionally.
Inada conditions regard the behaviour of F when capital or labour approach extremely low or high values; intuitively they states that when
the usage of one input is very low, it becomes highly profitable to employ additional units of it; the opposite when the usage is very high.
The input markets have the following characteristics. Households supply labour inelastically: regardless of the price
long as positive, they will offer the whole endowment. Population increases at a rate n
̇( )
( )
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, where ( ̇ )

(

)

( )

( ) they are paid, as

Market clearing in the capital market set the rental price of capital at time , ( ). Capital is subject to deterioration through time:
machines, equipment and infrastructure lose efficiency. Indicating with the depreciation rate, we can express the capital’s law of motion
as
̇( )

( )

( ), where ̇

The representative firm, given the context described above and considering that input markets are perfectly competitive, each period,
solves the following problem of profit maximization98 :
( ) ( )

The assumptions made on

( ( ) ( )

( ))

( ) ( )

( ) ( )

, ensure that at the optimum:
( )

( )
( )

(

)

(

)

( ) ( )

( ) ( )

The first condition says that firms will hire workers until the point where the wage equals the marginal product of labour, which can be
interpreted as the quantity of output produced by the last worker hired; the second equation is the analogous for capital. The third one,
establish that the optimal total production equals the household’s’ income.
From national income accounting for a closed economy, total production equal investment ( ) plus consumption (t)
( )

( )

( )

and investment equal savings S(t)
I(t)=S(t)
Given the assumption on households’ behaviour, savings is determined exogenously by the parameter
( )

( )

The ultimate equation of interest is
̇ ( )= s ( ( ) ( )

( )) -

( )

It can be easily obtained from the previous ones. For convenience we can transform all the variables in per capita term dividing by ( ).
Exploiting the assumption of homogeneity of degree one, the final result is
̇( )

( ( )

( ))

(

) ( ), where ( )

( )
( )

This equation describes the capital accumulation process in the economy. It states that in period , the capital-labour ratio increases with
investment, which is path dependent, and decreases with population growth and depreciation. The term ( ( ) ( )) is simply the
output-labour ratio ( ) which represents the per capita GDP of our economy
( )

( ( )

( ))

( ( ) ( ) ( ))

( )

( )

( )

For the moment, let’s assume that technology is steady
̇( )
Given the latter assumption, we can read graphically the evolution of capital

98

Output is taken as the numeraire; therefore its price is equal to one.
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=

Figure 26 – Representation of the capital low of motion in the Solow-Swan model

y(t)
f(k)

sf(k)

(n+δ)k(t)

Consumption

Investment

̅

0

k(t)

Source: Author's calculations

The most interesting object in the picture is ̅ , the quantity of machines, equipment and infrastructure such that the investment in new
capital is equal to the loss due to population growth and depreciation
( ( )

( ))=(

) ( )

and therefore, such that
̇( )
̅ , is a stable state of the economy: once it is reached, provided there is not technology progress, the economy is not able to accumulate
more per capita capital. This condition will be reached with certainty99 at a certain time ̅ 100, which depends exogenously on the initial
capital endowment ( ) of the economy. Once ̅ is reached, the per capita GDP ( ) stops growing as well. Lack of innovation produce
an unchanging economic process which flows on at constant rates in time and merely reproduces itself101.
An innovation breakthrough at time t is described by the condition
̇( )
When it happens, the investment curve shift upward and creates a gap between the old steady state ̅ , and the new one . Economic
growth comes back to the scene until the new steady state is reached. As long as innovation happens with a certain frequency in time, per
capita GDP do not stop growing. The main finding is that per Capita GDP growth cannot occur in the absence of innovation. The above
findings consent also a theoretical explanation, albeit tautological, of the pattern of figure 1 and figure 2. Modern economic growth
started in the 19th century because innovation took a serious pace for the first time in world’s history. Mathematically the condition can be
expressed as
̇( )
̇( )
The correlation of figure 2 and the cross-country differences in per capita GDP are due to the fact that, by shifting upward the potential of
the economy, innovation pushes countries far behind the steady state, triggering faster growth.
99

The steady state of the economy will be reached with certainty unless some exogenous event shocks the economy. For this reason, the steady state is also called “global attractor”:
independently of the starting condition ( ), it will be reached.
100
Rigorously, ̅ is equal to infinity and what changes according to the initial capital endowment is the rate of convergence of the economy towards the steady state.
101
Schumpeter, Business Cycles: A theoretical, historical and statistical analysis of the capital process .
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There are multiple ways of connecting the Solow model with data to gain insight on the disentanglement problem. One is the growthaccounting framework, which is the most commonly applied for decomposing the sources of growth over time. The starting point is the
production function . Total differentiation with respect to time on the latter yields
(
̇
which can be rearranged as follows

̇

,

̇

,

̇

(
̇

)

(
̇

)
̇

102

̇
The terms

)

,

̇

) ̇

(

(

) ̇

(

) ̇

are the growth rates of GDP, capital, labour and technology. Using this notation and the fact

that the optimizing behaviour of firms implies

(

( )

)

and ( )

(

)

(

the last equation is equivalent to
) ̇

The latter is the fundamental growth accounting equation and can be used to estimate the contribution of technological progress – the
TFP or MFP- , the last term, to economic growth using data on factor shares
and capital stock growth, according to:
(

102

For convenience time dependence is dropped.
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) ̇

and

, output growth, labour force growth

List of Acronyms
ACSRF
AISRF
ANR
ASEAN
BERD
BHSIC
BIMSTEC
BIRD
BRIICS
CERC
CERN
CeTIM
CIESTF
CIIP
CIIRDF
CITCC
CRO
CSIR
CSO
DAPA
DRDO
DSDBI
DRDO
DSDBI
DST
EARMA
EEN
FDI
FP7
FTE
GCC
GDP
GERD
GII
GITA
HTIBI
I4RD
IBSA
ICAR
ICMR
ICT
ICT-DST
IFCPAR/CEFIPRA
IGSTC
IISc
IIT
IMF
ISRO
ISS
IT
ITTC
IUSSTF
JCM
KIRD
Koril-RDF
MATIMOP
MDIC
MFP
MLP
MNC
MOE
MOLIT
MOTIE
MSIP
NISAR
NRF
OCS
OECD
PMR
R&D
ROK
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Australia-China Science and Research Fund
Australia-India Strategic Research Fund
Agence Nationale de la Recherche
Association of Southeast Asian Nations
Business Expenditure on Research and Development
Beijing Hi-tech Innovation Service
Bay of Bengal Initiative for Multi-Sectoral Technical and Economic Cooperation
US -Israel Binational Industrial R&D Foundation
Brazil, Russia, India, Indonesia, China and South Africa
Clean Energy Research Center
Conseil européen pour la recherche nucléaire
Center of Technology and Innovation Management
Canada-Israel Energy S&T
Canada-Israel Innovation Initiative Partnership
Canada-Israel industrial R&D Foundation
China International Technology Transfer Center
Contract Research Organizations
Council of Scientific and Industrial Research
Central Statistics Office
Defence Acquisition Program Administration
Defence Research &Development Organisation
Department of Business and Innovation
Defence Research &Development Organisation
Department of Business and Innovation
Department of Science and Technology
European Association of Research Managers and Administrators
Enterprise Europe Network
Foreign Direct Investment
EU Seventh Framework Programme
Full Time Equivalent
Global Commercialization Center
Gross Domestic Product
Gross Domestic Expenditure on Research and Development
Global Innovation Index
Global Innovation and Technology Alliance
Hi-tech International Business Incubators
India-Israel Initiative for Industrial R&D
Innovation & Business Skills Australia
Indian Council of Agricultural Research
Indian Council of Medical Research
Information and Communication Technology
Science & Technology International Cooperation Division of the Department of Science and Technology
Indo-French Centre for Promotion of Advanced Research
Indo-German Science & Technology Centre
Indian Institutes of Science
Indian Institutes of Technology
International Monetary Fund
Indian Space Research organization
International Space Station
Information Technology
International Technology Transfer Convention
Indo-US Science & Technology Forum
Joint Commission Meeting
Karnataka-Israel Industrial R&D Program
Korea-Israel Industrial R&D Foundation
Israel Industry Center for Research and Development
Ministry of Development, Industry and Foreign Trade of Brazil
Multifactor Productivity
Medium-to Long-Term Plan for the Development of Science and Technology
Multinational Corporation
Ministry of Economy
Ministry of Land, Infrastructure and Transportation
Ministry of Trade, Industry and Energy
Ministry of Science, ICT and Future Planning
NASA-ISRO Synthetic Aperture Radar
National Research Foundation
Office of the Chief Scientist
Organization for Economic Cooperation and Development
Product Market Reforms
Research and Development
Republic of South Korea

S&T
SIPO
SIRO
SMBA
SME
STI
TFP
TWAS
UNESCO
USAID
USISTC
USISTF
VATAT
VC
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Science and Technology
State Intellectual Property Office
Scientific and Industrial Research Organizations
Small and Medium Business Agency
Small and Medium Size Enterprises
Science, Technology and Innovation
Total Factor Productivity
Third World Academy of Sciences
United Nations Educational, Scientific and Cultural Organization
U.S Agency for International Development
US-Israel Science &Technology Commission
US-Israel Science &Technology Foundation
Planning and Budgeting Committee of the Council for Higher Education
Venture Capital

