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Summary

When considering the relationship between economic performance and innovation, it is necessary to
separate hype from reality. The vast theoretical and empirical effort that has gone into examining the
mainsprings of growth in recent decades has yielded many insights, and knowledge has progressed.
But much remains contested, unresolved and unknown, including on the central issue of the
relationship between technological progress and growth. A degree of humility is thus called for with
respect to the claims that can be made. The most extreme claim that innovation has become
overwhelmingly the most important, or practically even the sole, driver of growth can be rejected
with a fairly high degree of confidence. At the same time, there is considerable evidence--supported
also by research for this report--that points to a significant contribution of innovation to growth, and
not only in the technological leader countries.

On the one hand, the relatively higher estimated returns to innovation in middle-income countries
(probably because own innovation activity facilitates the more efficient and rapid absorption of
imported technology) augurs well for the catch-up prospects of those emerging markets that have
sufficient human capital and social capability and that encourage innovation.

On the other hand, the finding that the inexorable law of diminishing returns apparently operates
also with respect to technological change (innovation yields less and less in terms of incremental
increases in output at high income levels) raises potentially intriguing and disturbing questions about
the sustainability of long-term growth in high-income economies that is based only on incremental
technology improvements, in the absence of revolutionary technological breakthroughs.

Our study covers a large number of countries; includes a variety of control variables; looks at the
past decade, a period that spans the "mew economy age"; uses patents as the best measure of
innovation performance; and finds higher rates of return to innovation in less developed countries,
suggesting interaction with borrowed knowledge.
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Innovation and economic growth

In recent decades there has been an explosion in theoretical work on, and empirical
investigations of, economic growth. Despite this large body of work, many questions remain
unresolved and contested, including some of the most fundamental issues such as the relative
importance of the main factors that drive growth; explanations for differences in countries'
growth performance; why micro- (firm and sector) level and macro-level results often diverge;
and, in particular, what exactly is the role of technological progress and innovation in explaining
economic growth.

Growth accounting

Some observers take as axiomatic that innovation is by far the most important component of
long-term economic growth. This idea is often due to a misinterpretation of the results and
meaning of so-called growth accounting exercises that decompose the sources of output growth
into its proximate causes or drivers—-the growth in inputs of labour and capital and so-called total
factor productivity (TFP), or growth that is not accounted for by increases in inputs.

Growth accounting has a history of more than half a century. Initial empirical studies in the
1940s and 1950s of the US economy appeared to show that only a small portion of output
growth over a long period could be attributed to the growth of labour and capital inputs--there
was a very large unexplained residual (the difference between measured output growth and
weighted growth of inputs). The residual (TFP growth) usually represented more than 80% of the
growth in output per worker, with the remainder attributed to growth in capital per worker.
Similar results were derived by countless studies in the 1960s and into the 1970s and beyond for
various countries, using a variety of different methods and measures.

Solow vs Romer

A seminal paper in 1956 by an American economist, Robert Solow, provided a theoretical
underpinning for the empirical growth accounting studies and the residual became to be known as
the "Solow residual'. Solow's empirical work also pointed to an overwhelming contribution to
growth of TFP (almost 90% to the growth of US output per man hour), interpreted as representing
technological progress. In the absence of this, output growth cannot be sustained indefinitely as
factor input increases suffer from diminishing returns. Adding capital to labour (so-called capital
deepening) eventually yields less and less in terms of increased output.

Technological progress and innovation are treated as "exogenous" factors, lying outside the remit of
his theory. Solow's neoclassical growth model highlights the importance of technological change as
the primary determinant of long-run growth. But it assumes that technical change is like "manna
from heaven" (which is how the Solow view of technological progress came to be caricatured).

Since capital is scarce in poor countries with potentially high productivity, and given the assumption
that everyone has access to the same technology, the theory also predicts that poor countries would
tend to converge with rich ones. Strictly speaking, the neoclassical theory does not necessarily predict
convergence in an absolute sense-that poor countries will reach rich countries' income levels. If
economies differ systematically in various underlying respects-—-including tastes and habits that affect
population growth, the willingness to work and save, and in their policies-then convergence only
applies in a conditional sense. The growth rate tends to be high if starting GDP per head is low in
relation to a country's own longrun or "steady state" position. A poor country that has a low long-
term steady-state level-because, say, of poor policies-would not grow rapidly.
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Before the meteoric rise of China and India, there seemed very little evidence of a narrowing of
global wealth disparities and of sustained convergence beyond the few East Asian tigers and limited
"intra-club convergence" inside groupings such as the developed OECD.

Dissatisfaction with the "black box" view of technological progress in the Solow model and a search
for explanations for the lack of a clear trend of convergence worldwide in income levels, as well large
and persistent differences over time in countries’ growth performance, eventually gave rise to the so-
called new growth theories—especially as pioneered from the late 1980s by the work of Paul Romer.
These "endogenous” theories of growth challenged the Solow neoclassical model, in particular the
assumption of exogenous technological progress.

Romer's model (1990) specifically addresses the issue of the production and diffusion of knowledge
and innovation. Technological innovation is created in research and development (R&D) sectors using
human capital and the stock of existing knowledge. It is then used in the production of final goods
and leads to permanent increases in the growth rate of output, staving off diminishing returns. The
key point in the new growth theories is that endogenously determined innovation enables
sustainable economic growth, assuming constant returns to innovation in terms of human capital
employed in the R&D sectors. These new theories appeared to open the way for potentially fruitful
direct policy interventions to boost countries' technological and innovative capacities-an approach
that has remained influential in the subsequent decades.

The neoclassical growth theory is optimistic concerning the potential for (conditional) catching-up,
with a good policy framework being seen as a sufficient condition for that to occur. On this view, if
countries do not succeed in growing it has more to do with poor policy choices rather than
technological deficiencies or low endowments of human capital. The proponents of endogenous
growth theories, by contrast, are pessimistic regarding the likelihood of convergence and sometimes
even predict divergence, given the implications in these theories of technological leaders maintaining
their advantages over prolonged periods of time.

However, one of the most robust findings of empirical growth studies is of a significant negative
impact on growth of initial income per head, once other relevant variables (conditions) are controlled
for-the neoclassical result of conditional convergence. Thus it is ironic that one of the main
contributions of endogenous growth theories is that it stimulated empirical work that demonstrated
the explanatory power of the neoclassical growth model.

The main problems, especially with respect to measurement issues, that arise in growth
accounting have been gradually if still imperfectly addressed over the years. Careful
measurements of the inputs of labour and capital, mainly adjusting them for quality changes and
taking account of "human capital" (measured mainly by educational attainment) as a separate
production factor, or to adjust raw labour input for quality, have steadily reduced the size of
estimated residuals.

Some argue that this has not gone far enough-that there is no such thing as "disembodied"
technological progress or that it is minuscule. All or almost all technical change is "embodied" in
factor inputs, especially capital investment. According to this view, the appearance of a residual
for technological progress is solely the product of mismeasurement of inputs.

The assumption that the residual largely reflects technological progress is problematic, given that
the residual can also capture a host of factors other than technological progress, including
measurement error, or developments such as sustained political turmoil or external shocks.
Indeed, uncertainty about what made up the residual led some to call it the "coefficient of
ignorance ".
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A much-cited study by Bosworth and Collins (2003) that pays great attention to the various
measurement and conceptual issues that plague growth accounting exercises—-and extends to 84
countries in the 1960-2000 period-estimated that some 23% of world GDP growth (and 40% of
growth in output per worker) could be attributed to TFP. For the developed industrialised
countries, the contribution rose to 29% and 45% respectively.

Sources of growth, 1960-2000

Output per Total factor
Output worker Capital Education productivity
World (84 countries)
1960-70 5.1 3.5 1.2 0.3 1.9
1970-80 3.9 1.9 1.1 0.5 0.3
1980-90 3.5 1.8 0.8 0.3 0.8
1990-2000 3.3 1.9 0.9 0.3 0.8
1960-2000 4.0 2.3 1.0 0.3 0.9
Developed countries (22)
1960-70 5.2 3.9 1.3 0.3 2.2
1970-80 3.3 1.7 0.9 0.5 0.3
1980-90 2.9 1.8 0.7 0.2 0.9
1990-2000 2.5 1.5 0.8 0.2 0.5
1960-2000 3.5 2.2 0.9 0.3 1.0

Source: Bosworth and Collins (2003).

Nevertheless, various empirical studies continue to reach very different conclusions about the
role of inputs accumulation versus TFP. No consensus has emerged about their relative
contributions in explaining differences in economic growth. There are still widely divergent
views on this issue ranging between the claims of some that capital accumulation is an
unimportant part of the growth process and others that identify capital accumulation as the
fundamental determinant of growth.

Representing the neoclassical perspective, an influential and widely cited study by Mankiw,
Romer and Weil (1992) concluded that differences in population growth, savings and human
capital can account for as much as 80% of the international variation in income per head. By
contrast, Klenow and Rodriguez-Clare (1997) claimed that TFP accounts for 90% of the cross-
national variation in growth rates, in line with the findings of the initial studies of half a century
ago.

Beyond the continuing divergence of results of growth accounting exercises, there are other
problems with making inferences about the role of technological progress and innovation and
growth from estimated TFP growth--beyond the issue of the size of the latter variable.

First, even if the residual is largely equated with technological progress, this would still give little
insight into the role of innovation in driving growth, other than in the technological leader
countries where the scope for imitation and borrowing technology is very limited and where
new knowledge has to be created (through innovation). For other areas, it is uncertain whether
the technological progress is purely the result of borrowing (the diffusion or "spillover" of foreign
innovation), of a passive application of imported knowledge and blueprints, or is also the result
of home innovation.
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Second, TFP growth has, on average, slowed markedly in recent decades. This is a common
finding of almost all studies, including the Bosworth-Collins paper cited above. On this basis, if
TFP is equated with technological progress and innovation, we would be forced to conclude,
most implausibly, that there has been a dramatic slowdown in the pace of technological progress
and innovation in recent decades.

Finally, the uncertainties concerning the role of TFP, technological progress and innovation in
growth are also illustrated by the growth performance of OECD countries. There was a
significant slowdown of TFP growth in most OECD economies after 1973 to half the levels
observed in the 1950-73 period. This remains unexplained to this day. Second, higher TFP growth
in Europe compared with the US in 1973-95 seemed to reflect convergence towards the
technological leader. But TFP growth in the US strengthened greatly, especially compared with
the EU, from the mid-1990s, and the reasons are not altogether clear. Strong ICT investment is
probably only part of the story; US productivity growth persisted during the downturn earlier
this decade when ICT investment and demand fell. A pick-up in general innovation performance
in the US might explain the good performance, but this is uncertain. There is thus also the related
question of whether the performance of the US economy over the past decade is sustainable in
the long run.

In the end, the growth accounting framework cannot resolve the issues of the extent to which
innovation drives growth. Other forms of empirical investigation are required.

Innovation and growth: empirical investigations

Many empirical studies have explored directly the relationship between economic performance--
in particular productivity growth--and innovation. It has been noted that measuring technology
and innovation has always been one of the most perplexing problems facing empirical
economics (Bloom and Van Reenen, 2002). Most studies have used R&D spending to represent or
proxy innovation, even though R&D is best seen as an input into innovation. Patents, which are
much closer to being a measure of innovation output, have also been used, but far less
frequently than R&D.

The strongest evidence in support of the view that innovation has a strong positive link with
growth comes from the firm and sectoral levels. A large number of studies—across firms and
sectors in the US and other developed countries-have found a positive relationship between
R&D investment and labour or TFP growth. Cameron (1998) identified some 20 papers that yield
such a result, with the impact of a 1% increase in the stock of R&D on output estimated to be in
the range of 0.05 to 1% of output.

Other results that emerge from most of these firm-sector studies include: the returns to process
R&D tend to be higher than the returns to product R&D; basic R&D typically yields more than
applied R&D; and R&D returns vary considerably between industries, with the highest returns
occurring unsurprisingly in research-intensive industries.

Most studies use productivity as the measure of firms’ economic performance, with relatively
few focusing on firms’ profits. It has generally been difficult to establish a link between
innovation and profits, in part perhaps because the variety of influences that affect profits is
greater than for productivity.
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The Economist Intelligence Unit's own survey suggests that there is a positive link between
innovation and firms' economic performance. The performance of firms in our sample is
assessed on the basis of answers to the question: “How would you rate your company’s recent
financial performance compared to that of its peers?” Three answers are possible: ahead of peers,
on a par with peers and behind peers. This form of assessment of firm performance, relative to
its peers, has the benefit of automatically controlling for the influence on performance of
different industrial sectors.

Innovation intensity is represented by several survey questions.

1. How important is innovation to your organisation’s long-term success?

2. Approximately how much does your organisation invest in R&D as a proportion of total
annual revenue?

3. Does your organisation reside in, or have close connections to, a high-tech cluster?

4. To what extent is your company’s revenue derived from new products or services?

Importance of innovation
Innovation critically Innovation not

important for long- critically

Total no. of responses term success important

482 226 256

Performed better than peers 187 104 83
% 38.8 46.0 32.4

There was a statistically significant difference in performance between firms that said that
innovation was critically important for their success and firms that did not. Among firms that
rated innovation as critically important, 46% performed better than their peers; only 32% of the
firms that did not think that innovation was critically important performed better than their
peers (the estimated positive relationship between a firm's assessment of the importance of
innovation and its performance had a t statistic of 3.1).

R&D intensity
Total R&D, 5% or more ofsales  R&D, less than 5% of sales
390 137 253
Performed better than peers 150 61 89
% 38.5 44.5 35.2

Similar results were recorded for the link between a firm's R&D intensity and its financial
performance. Among firms that had R&D spending equal to at least 5% of their revenue, 44.5%
performed better than their peers. This compared with 35.2% of the firms that spent less than 5%
of revenue on R&D (the estimated positive relationship between a firm's R&D intensity and its
performance had a t statistic of 2.2).

The distribution of sampled firms' R&D intensities by various industries is given in the table
below. The data broadly correspond with the well-known findings that defence, healthcare and
pharma, ICT and automotive are among the most R&D-intensive industries. The average R&D
intensity in our sample was 5%.




Economist Intelligence Unit

Economist Intelligence Unit background document for
Innovation: Transforming the way business creates
a white paper sponsored by Cisco

R&D intensity

No. of firms R&D (% of sales)
Aerospace/defence 9 10.8
Agriculture & agribusiness 4 4.3
Automotive 7 6.5
Chemicals 8 4.3
Construction & real estate 11 6.7
Consumer goods 23 4.6
Education 7 5.6
Energy & natural resources 15 4.6
Entertainment, media & publishing 9 2.9
Financial services 90 3.2
Government/public sector 11 3.6
Healthcare, pharmaceuticals & biotechnology 27 7.9
IT and technology 60 7.2
Logistics & distribution 2 2.0
Manufacturing 38 3.7
Professional services 38 4.3
Retailing 8 5.3
Telecommunications 15 6.7
Transportation, travel & tourism 7 2.4
Average 389 5.0

The strongest relationship of this kind was found between a firm's performance and its location.
Among firms that reside in or are closely connected to a high-tech cluster, 56.5% performed better
than their peers; only 36.1% of firms outside of a high-tech cluster performed better than their
peers (the estimated positive relationship between a firm's location and its performance had a t
statistic of 3.1).

High-tech cluster location
Companyresidesin or

closely connected to Notin high-tech

Total high-tech cluster cluster

480 62 418

Performed better than peers 186 35 151
% 38.8 56.5 36.1

Perhaps surprisingly, the weakest relationship between firms' performance and an indicator of
innovation was for the age of products. There was no significant relationship between
performance and the percentage of firms that reported that at least one-half of their revenue
came from products that were less than three years old or even less than five years old. Only in
the case of firms reporting that at least one-half of their revenue derived from products less than
ten years old (the vast majority of firms in the sample) was there evidence that these firms
performed significantly better than firms with an even older product profile.
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At least one-half of revenue derived Other

Products age profile Total  from products less than 10 years old firms
479 401 78

Performed better than peers 186 162 24
% 38.8 40.4 30.8

Finally, the results of the survey confirmed some usual findings about international "innovation
gaps". US-based firms had significantly better innovation indicators than firms in the UK and
other old EU15 countries. The "innovation gap" was bigger still for the new EU members from
eastern Europe. The latter lagged behind even the surveyed Indian firms in terms of average R&D
intensity. The sample of Chinese firms was very small, but these recorded poor indicators of
innovation.

Indicators of innovation by country location of sampled firms

R&D (% of sales) Rate innovation as critically important (% of firms)
Sample average 5.0 46.9
us 6.4 58.2
UK 6.2 41.5
Other EU15 4.6 40.8
EU NMS10 (a) 3.7 36.8
India 4.1 60.0
China 2.1 28.6

(a) The new EU member states from eastern Europe; the east European countries that joined in 2004 and the
two thatjoined in January 2007.

The macroeconomic level

The evidence for a positive link between innovation and economic performance is much more
ambiguous and patchy at the macroeconomic level. Some studies find that innovation, usually
measured by R&D spending, has a significant effect on productivity. But the presumption that
R&D is a key driver of economic growth is also difficult to reconcile with much of the empirical
evidence. In many studies the link between productivity growth and R&D, or other measures of
knowledge accumulation, is found to be weak.

The OECD has been at the forefront of those who emphasise that long-run economic growth
depends on the creation and fostering of an environment that encourages innovation (for
example OECD, 2005). Innovation is singled out as the most likely factor driving long-term
productivity and economic growth. It is argued that countries that generate innovation, create
new technologies, and encourage adoption of these new technologies grow faster than those that
do not.
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However, OECD empirical tests of this proposition have been sparse, and those that have been
undertaken for a limited subset of OECD countries have yielded ambiguous results. A wide-
ranging empirical investigation into the sources of OECD countries’ growth (OECD, 2003) found
a significant positive cross-country relationship between growth and R&D performed by the
business sector. It was estimated that increases in business-sector R&D between the 1980s and
1990s boosted output per head by over 1%. However, the sample was small and the study also
yielded the somewhat implausible and difficult to interpret finding that R&D performed by the
non-business sector actually had a significantly negative impact on growth. Overall, the results
on R&D and growth at the economy-wide level of this flagship OECD report seemed rather
fragile.

While most existing studies use only a small sample of OECD countries, an IMF paper by Ulku
(2004) examined the effect of innovation on income per head for both developed (20 OECD
economies) and a sample of ten developing (non-OECD) countries over 1981-97. The findings
suggested that innovation has a positive effect on per head output in both developed and
developing countries. A 1-percentage-point increase in innovation raises per head income by
around 0.05% in both OECD and non-OECD countries.

Although this study found support for the proposition that endogenously created innovation
promotes economic growth, it did not provide support for a key assumption of endogenous
growth theory-that of constant returns to innovation with respect to R&D. The result suggested
that increases in innovation, like growth of the capital stock, leads to only short-term increases in
the growth rate of output, and is not able to explain perpetual economic growth.

Porter and Stern (2000) also looked at a set of developed and less-developed countries and found
a significant but weak positive relationship between innovation and TFP growth. Cross-section
estimates for 49 high- and middle-income economies during 1993-2001 by the UNECE (2004)
found that a composite technology variable (based on R&D intensity, patents granted in the US
and the number of scientific articles per head) had a significantly positive, and apparently robust,
impact on growth.

Our empirical investigation looks at the impact of innovation outputs (measured by international
patents) on cross-country growth in GDP per head during 1996-2005. This procedure does not
imply that international patents constitute an ideal measure of such outputs. Instead, we are
assuming that international patents provide a useful proxy for overall innovative activity—
essentially it is assumed that an approximately constant fraction of innovative output turns out
to be valuable enough to justify an international patent.

There are 64 countries in the estimating sample, with the selection of countries governed
primarily by the availability of required data, and also by considerations—-such as the exclusion
of oil exporters-—-that are discussed below. There is a much larger number of non-OECD countries
in our sample than is usual in investigations of the relationship between growth and innovation.
In addition to high-income countries, most of the countries in the sample are middle-income
emerging markets (mainly from Asia, Latin America and eastern Europe), although there are also
a few low-income economies, mainly from Asia.
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Oil exporters are excluded, given that the growth performance of this type of economy is clearly
governed by unique factors. The extent to which innovation activity might provide a means for
oil-dependent economies to diversify and escape the “resource curse”—the various negative
phenomena associated with natural resources reliance that impeded long-term growth—is an
important question but not one that can be investigated in our framework. South Africa is the
only Sub-Saharan African country in our sample, own innovation, as opposed to technology
import, is highly unlikely to be a growth factor for the lowest-income economies.

Our empirical framework is broadly of the neoclassical variety. Initial productivity, or income
per worker (proxied by the population aged 15-65), is assumed to be a key growth determinant. It
is expected to take a negative sign and capture the convergence effect, and broadly the impact of
technology imports. Other key variables, in line with the neoclassical expectations of conditional
convergence, include the investment ratio, a demographics variable, a policy variable (an index
of regulation), and a human capital variable (mean years of schooling). These variables also act
as controls for assessing the impact on growth of patenting activity.

A one-dimensional glance at the relationship between economic growth and innovation
performance (one dimensional in the sense that the approach does not take into account or
control for other relevant factors) reveals no clear relationship even among developed countries
between economic performance and innovation. For example, a recent study for the European
Commission (Hollanders and Arundel, 2006) concludes on the basis of the bivariate relationship
that there is no link among developed economies between innovation (represented by a
composite index of various innovation inputs and outputs) and either income levels or growth. If
anything, it is argued, more innovative countries appear to have grown at a slower pace than less
innovative countries.

Looking at the top countries of our patents-based innovation index, it includes economically
dynamic countries such as the US and a few of the Scandinavian nations. But the top- and
second-ranked countries--Japan and Switzerland—-as well as some innovation-intensive countries
such as some major euro zone economies and Israel, have had very weak growth over the past
decade. As the graph below suggests, the simple bivariate relationship between annual average
growth in 1996 and 2005 and international patents per head (1996-05 average) appears even to be
negative--with GDP growth on the y axis and patents on the x axis.
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Estimation

The dependent variable in our regressions is annual average growth in real GDP per head during
1996-2005. This is the period in which a structural break in productivity trends for some
countries, especially the US, has been hypothesised. 1995 was the year of the introduction of one
of the key innovations of recent decades—the introduction of the world wide web.

Growth regressions

1 2 3 4

Coefficients tStat Coefficients tStat Coefficients tStat Coefficients t Stat
Constant 10.1930 2.9435 12.2714 2.7579 8.3803 3.7690 10.6432 3.9086
GDPW -1.8715  -4.8215 -2.4129  -4.9741 -1.7446  -5.9644 -2.2656 -6.5903
INV 0.2115 9.3795 0.2334 8.1045 0.1939 9.7869 0.2051 8.2293
POP 1.1155 2.8356 1.2327 2.4760 0.9666 3.0754 1.0703 2.7539
PATENT INT 1.4874 2.7880 2.1497 3.1956
PATENT DOM 1.4971 3.1352 2.1390 3.7391
PATENT * GDPW -0.1353  -2.6532 -0.2033  -3.1746 -0.1316  -2.6075 -0.1916 -3.1485
SCHOOL 1.6945 3.4050 2.3963 3.8491 1.4970 3.1246 1.8260 3.0618
CRISIS -0.7901 -2.9500 -1.0541  -3.0929 -0.8911 -3.8664 -1.0905 -3.8187
REG 0.5723 2.8168 0.9930 4.0148 0.8555 4.0387 1.3756 5.7341
BALTIC 2.6408 5.5036 2.1271 4.8305
IRELAND 2.4292 3.3232 2.2578 3.5172
N 64 64 61 61
Adjusted R2 0.834 0.722 0.880 0.808

GDPW-—Natural logarithm of GDP per worker (population aged 15-64) at the start of the period,
in 1995 at PPP, US$.

INV—Average share of fixed investment in GDP (at current prices) in 1995-2004.

POP—Annual average rate of growth of the working-age population (aged 15-65) minus the
annual average growth of the total population in 1996-2005.

PATENT INT-International patents. Patents granted to applicants from a country by USPTO, JPO
and EPO. Per million population, average for 1996-2005.

PATENT * GDPW-Interaction variable between patents and GDP per worker.

PATENT DOM-Domestic patents. Patents granted to residents by each country's patent office.
Per million population, average for 1996-2002.

11
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SCHOOL-The mean years of schooling of the adult population in the mid-1990s. Available
direct measures of years of schooling have been shown to be deficient in various respects. There
are also many missing country values. A proxy measure is thus constructed for mean years of
schooling that is comparable across countries, on the basis of primary, secondary and tertiary
enrolment ratios lagged by ten years for primary enrolment and five years for secondary and
tertiary. To construct this estimate, direct measures of the mean years of schooling for countries
for which they are available are regressed on enrolment ratios. The resulting equation is used to
derive our estimate of mean years of schooling of the adult population for all countries in the
sample.

CRISIS—A dummy variable taking the value of 1 if a country suffered a financial crisis during the
estimation period. The main criterion used for the classification was the standard deviation of
the country's real effective exchange-rate index for 1995-2005; countries that experienced some
sort of financial crisis during this period had standard deviations higher than 9.

REG—An index constructed by the Economist Intelligence Unit of government regulation, or
product market distortions, based on assessments of the ease of starting up new businesses, the
freedom to compete and the extent of price controls. Average value of annual indexes on 1-5
scale for 1996-2005.

BALTIC-Dummy variable for the three Baltic states (Estonia, Latvia and Lithuania).
IRELAND-Dummy variable for Ireland.

The model that is estimated is well behaved; all the standard determinants of growth, and
necessary control variables from the point of view of identifying the impact of innovation, are
identified to have a significant impact. The equations explain a considerable percentage of the
inter-country variation in growth, despite the relatively short time span. The schooling variable is
found to be highly significant, as is the product markets regulation index. It is interesting,
however, that variants that included jointly or separately labour market regulation had no
impact--despite a widespread focus on labour markets regulations in explaining growth
differences.

There are several outliers in the sample—the Baltic states and Ireland (for which dummy
variables have been introduced). The model yields relatively large positive residuals for these
countries, that is a significant portion of the very high growth achieved in Ireland and the Baltics
is unexplained by the framework. The model does not fully capture the specific circumstances of
Ireland (such as the impact of its location and positive legacies) or of the Baltics (very severe
recession before 1995, suggesting a simple bounceback effect, and a unique relationship with the
advanced Nordic economies). We report results with and without the special treatment of Ireland
and the Baltics. The significance of the estimated coefficients for our variables remains
unaffected, except that the model that includes the Ireland/Baltic dummies appears more
precisely estimated and naturally has higher explanatory power.

The patents variables are found to have a statistically significant positive impact on growth—
once all the other variables controlled for. This is an important result in the sense that a patents
variable might have had a high chance of not surviving in such a multi-variable setting.
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A key finding is that an interaction term between patents and the level productivity (initial
income per worker) is significantly negative. This, together with the statistically significant
positive coefficient on patents, implies that returns to innovation are relatively higher at lower
levels of development. Increased innovation yields lower returns, in terms of enhanced growth,
at higher levels of development.

Our results are insensitive to the type of measure of patents that is used. Equations 1 and 2 are
based on patents granted by regional centres--the USPTO, EPO and JPO. We consider this to be
the most reliable comparable measure as it minimises the distortions arising from varying
practices and criteria of national agencies. However, the results are virtually unchanged if we use
domestic patents, that is patents granted by national offices to their residents—-equations 3 and 4.
The domestic patents sample lacked data for three countries that were included in the
international patents sample (Dominican Republic, Jordan and Sri Lanka)-which probably
explains the higher R2 in equations 3 and 4 than in 1 and 2. In addition, the use of patent
applications instead of granted patents in the estimations (not reported here)-for both
international and domestic patents—-did not make for significant differences in results.

The weak bivariate relationship between growth and innovation discussed above
notwithstanding, the conventional wisdom is that innovation is most likely to be important for
spurring growth among the most developed. Other sources of growth are thought to be far more
important for poor and middle-income economies that can borrow technology from abroad and
presumably have little or no need to innovate themselves. A recent example is the finding by Xu
and Chiang (2005) that domestic innovation is significant for productivity growth only in high-
income countries and not at all in low-and middle-income economies (where imported
technology is the sole driver). This study looked at 49 economies over the 1980-2000 period.

Our finding, by contrast, finds higher estimated returns to innovation in lower-income countries.
This probably reflects the fact that own innovation activity facilitates the more efficient and
rapid absorption of imported technology. This would also tend to augur well for the catch-up
prospects of those emerging markets that have sufficient human capital and social capability and
that encourage innovation. For developed economies it is also possible that the finding reflects
the fact that as the number of products increases, an innovation in any one product affects a
smaller proportion of the economy, and therefore has a smaller proportional spillover effect on
the aggregate stock of knowledge.

Our framework is consistent with the well-known proposition that the results of innovation are
difficult to appropriate and that the gains of innovation in the technological leaders can be
diffused internationally relatively easily and benefit disproportionately the technological
laggards. For example, Eaton and Kortum (1995) found that productivity growth was mainly
driven by domestic research only in the US (over 80% of growth), with foreign knowledge
diffusion being responsible for the overwhelming share of growth in all other OECD economies.
In this sense a country like the US is to a large extent "running to remain in the same place"--it has
little scope for borrowing foreign technology and has to keep generating new ideas at a rapid
pace-which benefit other countries-to stave off a slowdown in growth.

The finding that the inexorable law of diminishing returns apparently operates also with respect
to technological change (innovation yields less and less in terms of incremental increases in
output at high income levels) raises potentially intriguing and disturbing questions about the
sustainability of long-term growth that is based on incremental technology improvements in
high-income economies, in the absence of revolutionary technological breakthroughs.
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Scenarios
Our framework is also amenable to addressing a variety of related issues. Three examples, using
equation 1 of our model, are:

» The impact of the "knowledge economy" on European performance. What would be the
likely impact on growth if the leading euro zone economies (Italy, France and Germany)
had US levels of patent activity and schooling?

* To what extent does innovation explain the difference in growth among emerging
markets, in particular between the Asian and Latin American economies?

» To what extent can emerging markets enhance their growth by increasing domestic
innovation?

Euro zone and US

Annual average growth for the three big euro zone economies in GDP per head in 1996-2005 was
a mere 1.2% (estimated at 1.1% by the model), compared with 2.1% for the US (2% estimated by the
model). The gap was thus 0.9 percentage points.

The model suggests that if the three euro zone economies had patenting activity at the US level,
the increase in their growth would be modest (in part because Germany already has high
patenting activity). But if this were also combined with the attainment of US schooling, this
would increase the three euro zone countries' annual average growth by a significant 0.36
percentage points. This is equal to almost half the 1996-2005 gap with the US, with the remainder
the result of the effect of differences in demographics and the regulatory framework.

Asia and Latin America

There are nine Latin American and 13 Asian countries in our sample. Average Latin American
growth per head at 2% in 1996-2005 was a full 1.5 percentage points below the Asian average of
3.5. Equation 1 can be used to decompose the sources of growth in the two regions, that is to
apportion the difference in the average growth rate to the differences in the main determinants.
Foreign and domestic innovation is estimated by combining the effect of patents (domestic) with
the productivity gap (foreign).

It can be seen that differences in investment rates are overwhelmingly the most important factor
(accounting for over 80% of the difference in average growth between the two regions).
Innovation accounted for a relatively small share of the difference in the two regions' growth
rates. Differences in other factors (demographics, crises, schooling and regulation ) had even less
influence.

Percentage points of growth

Difference 1.5
Innovation (foreign and domestic) 0.23
Investment 1.25
Population -0.1
Schooling 0.17
Regulation -0.18
Crisis 0.14
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Innovation and emerging markets

There are 40 emerging markets in our sample. Their actual average growth of GDP per head in
1996-2005 wWas 3.2%, and it was estimated at 3.2%. The average value for international patents per
million population for the 40 was 10. If this were tripled (from the present very low base in the
vast majority of cases) to an average of about 30, the estimated average growth rate for the 40
would rise to 3.5%-the 0.3 percentage points increment to the annual growth rate would
represent a considerable impact.
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Data for graph in text

Norway

us
Denmark
Switzerland
Austria
Japan
Canada
Germany
Belgium
Netherlands
Hong Kong
Ttaly
France
Australia
UK

Sweden
Ireland
Finland
Singapore
Israel

New Zealand
Taiwan
Spain

Ln of patents per million pop
4.63
5.86
5.48
6.19
4.93
6.68
4.86
5.68
4.77
5.27
3.74
4.13
4.92
4.08
4.64
5.80
4.20
5.72
4.61
5.23
3.76
5.53
2.63

GDP per head growth, annual av, 1996-2005
2.27
2.14
1.74
1.21
1.84
1.02
2.35
1.18
1.80
1.82
2.76
0.99
1.52
2.43
2.43
2.50
5.94
3.39
2.90
1.06
2.02
3.77
3.08
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II. Theinnovationindices based on BER

Directinnovation inputs index
This index is based on the following indicators:

1. The share of expenditure on R&D in GDP
O If more than 1.8%
O If between 1% and 1.8%
O If between 0.5% and 99%
O If between 0.1% and 49%
O If less than 0.1%

2. The availability and quality of the local research infrastructure

O Very high

O High

O Moderate

U Low

O Very low
Consider: the quality of domestic research institutions; the extent of university-industry co-
operation; the availability of scientists and engineers and the availability of skilled researchers.

3. Availability of skilled labour; mean years of schooling
O Very good: if more than 11
O Good: if between 9 and 11
O Fair: if between 7 and 8.9
O Poor: if between 4 and 6.9
O Very poor: if less than 4

4. The technical skills of the workforce

O Abundant supply, at a reasonable cost, of technically skilled professionals; full range
of training and development programmes.

O Reasonable supply of technically skilled labour; some availability of training and
development programmes.

O Technically skilled available but at a high price; training for fraction of workforce.
Older workers resistant to new technology.

O Widespread shortage of technical skills; few technical education opportunities.

O Multinationals need to import all but the most basic technical skills.

5. ICT infrastructure (based on 6 sub-indicators)
a. Fixed-line telephone density: phone lines per 1,000 population
O Very high: if more than 480
O High: if between 351 and 480
O Moderate: if between 121 and 350
O Low: if between 40 and 120
O Very low: if less than 40
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b. Reliability of telecoms network: faults per 100 phone lines per year
O Very good: if less than 13
0 Good: if between 13 and 23
O Fair: if between 24 and 56
O Poor: if between 57 and 100
O Very poor: if more than 100

c. The costs of international phone calls (US$ per 3 minutes to US)
O Very low: if lower 0.7
O Low: if between 0.7 and 1.75
O Moderate: if between 1.76 and 2.5
O High: if between 2.51 and 4
O Very high: if more than 4
Based on cost of 3-minute call to the US (for US, cost of call to Europe).

d. Mobile-phone penetration, subscribers per 100 inhabitants
O Very high: if more than 80
O High: if between 60 and 80
0O Moderate: if between 30 and 59
O Low: if between 10 and 29
O Very low: if less than 10

e. Number of Internet users, per 100 inhabitants
O Very high: if more than 45
O High: if between 30 and 44
O Moderate: if between 15 and 29
O Low: if between 5 and 14
O Very low: if less than 5

f. Number of broadband subscribers, per 100 inhabitants
O Very high: if more than 9
O High: if between 5 and 9
O Moderate: if between 0.5 and 4.9
O Low: if between 0.1 and 0.49
O Very low: if less than 0.1

Innovation environmentindex
This index is based on the following indicators:

1. Political stability (based on 6 indicators)
a. What is the risk of armed conflict (civil or external) during the forecast period?
O Very low
U Low
O Moderate
O High
O Very high
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b. What is the risk of significant social unrest during the forecast period?

O Very low

U Low

O Moderate

O High

O Very high
Consider: large-scale demonstrations and inter-ethnic, racial or religious clashes; levels and
direction of change of income inequality and unemployment; opposition to the IMF; serious
labour disputes.

c. How clear, established and accepted are constitutional mechanisms for the orderly transfer of
power from one government to another?

O Very clear, established and accepted

O Clear, established and accepted

O One of the three criteria is absent

O Two of the three criteria are absent

O Not clear, not established, not accepted
To distinguish between 4 and 5, score 5 if mechanisms in place prior to 1970; 4 otherwise.

d. Assess the impact on business of the relations between the government and opposition.

O Relations are smooth and present little risk to business.

O Relations can be fraught, with some moderate risk to policy predictability.

O Fraught relations and risks to political stability and policy predictability.

O Relations are poor and this poses major risks for business.

OConflict between government and opposition poses risks of major political disruptions.
Consider: the impact of government-opposition relations on the predictability of the business
and policy environment; the risk of major political disruptions; the extent to which governing
and opposition forces engage in populist rhetoric.

If the country is authoritarian, with latent or suppressed opposition, then score according to the
risk (5 very low to 1 very high) that the government's efforts to suppress opposition could lead to
serious disturbances in the policy and business environment.

e. Assess the threat of politically motivated violence (terrorism) to the conduct of government and
business.

U None

U Low

O Moderate

O High

O Very high

f. Assess the threat of international disputes and tensions to the economy and/or polity during the
forecast period.

U None

U Low

O Moderate

O High

O Very high
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2. Macroeconomic stability (based on 8 indicators)
a. Average annual inflation

O If less than 3%

O If between 3% and 10%

O If between 10.1% and 20%

O If between 20.1% and 40%

O If more than 40%

b. Average budget balance/GDP
O If surplus or deficit less than 0.5% of GDP
O If deficit between 0.5% and 3% of GDP
O If deficit between 3.1% and 5% of GDP
O If deficit between 5.1% and 7% of GDP
O If more than 7% of GDP

c. Average government debt/GDP
O If less than 40% of GDP
O If between 40% and 60% of GDP
O If deficit between 60.1% and 80% of GDP
O If deficit between 80.1% and 100% of GDP
O If more than 100% of GDP

d. Exchange-rate volatility; measured by the coefficient of variation of annual NCU:SDR rates
O If less than 0.05
O If between 0.05 and 0.09
O If between 0.091 and 0.12
O If between 0.121 and 0.3
O If more than 0.3

e. External stability; measured by current-account balance/GDP
O If surplus or deficit of less than 1% of GDP
O If deficit between 1% and 2.5% of GDP
O If deficit between 2.6% and 4% of GDP
O If deficit between 4.1% and 5% of GDP
O If deficit more than 5% of GDP

f. Assess the quality of macroeconomic policymaking.

O Exemplary record of consistently prudent and successful policymaking.

O Macroeconomic policies are solid, but could benefit from some reforms.

O Suboptimal fiscal/monetary policy mix; increases exposure to external shocks.

0O Macroeconomic policies are inconsistent with sustained stability.

O Very serious deficiencies in policymaking.
Consider: the quality of fiscal and monetary policy management. Is it prudent, consistent and
credible? Is the mix appropriate? Does monetary policy need to be excessively tight to offset
fiscal laxity?
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g. Assess the extent and depth of the institutional underpinnings for macroeconomic stability.

O Long-established and strong; independent central bank.

O Solid institutional underpinnings; central bank formally autonomous, but subject to

political pressure.

O Moderate institutional underpinnings; central bank subject to strong political pressure.

O Weak institutional underpinnings; central bank not independent.

O Very weak institutional underpinnings; governments dictate monetary policy.
Consider: the degree of independence of the central bank. How strong are informal pressures on
the monetary authorities to prioritise short-term growth over stability. Consider the track record
of successful implementation and commitment to IMF programme. If part of a currency union,
question refers to the common monetary authority.

h. Assess the risk of a steep decline in asset prices (property, shares, bonds).
O Very high
O High
O Moderate
U Low
O Very low

3. Institutional framework (based on 4 indicators)
a. Assess the quality of the bureaucracy and its ability to carry out government policy.
O Very high
O High
0O Moderate
U Low
O Very low
Consider: the amount of red tape encountered by business and the country’s administrative
procedures.

b. Assess the degree of transparency and fairness of the political system (including the judiciary).

O Very high

O High

0O Moderate

U Low

O Very low
Consider: the freedom of the press; the separation between the state and the ruling party; the
consistency of the application of the law.

c. Assess the efficiency of legal system.
Assess the speed and efficiency of the legal system

O Very high

O High

0O Moderate

U Low

O Very low
Consider: length of legal cases and time required to enforce contracts through the courts.
Historical data from World Bank Doing Business, supplemented by business survey data and
Economist Intelligence Unit assessments.
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d. Assess the pervasiveness of corruption among public officials.

O Very low

U Low

O Moderate

O High

O Very high
Consider: how long the regime or government has been in power; the number of officials who
are appointed rather than elected; the frequency of reports or rumours of bribery (the perception
of degree to which public officials are involved in corrupt practices such as the misuse of public
office for private benefit, accepting bribes, dispensing favours and patronage for private gain).

4. Regulatory environment (based on 2 indicators)
a. Level of government regulation (mainly licensing procedures) on setting up new private businesses.
O Very low: regulations straightforward and applied uniformly to all.
O Low: simple licensing procedures, fairly simple regulations, applied uniformly most of
the time.
O Moderate: haphazard application of regulations, complicated licensing, can be
significant hindrance.
O High: major barriers to opening business, government quotas, complex and expensive
licensing procedures.
O Very high: discouragement of new business, random application of regulations.

b. Freedom of businesses to compete
O Very high
O High
O Moderate
U Low
O Very low

5. Tax regime (based on 7 indicators)
a. Corporate tax burden

O Very low: if top corporate tax less than 25%

O Low: if top rate between 25% and 30%

O Moderate: if top rate between 30.1% and 35%

O High: if top rate between 35.1% and 40%

O Very high: if top rate more than 40%
Consider: how exemptions or the operation of the system may affect the scores based on
official tax rates. If foreign and domestic firms face different tax regimes, consider separately for
each. Consider special incentives and allowances for foreign-owned firms, as well as very
significant transfer pricing tolerated by governments. Final scores for corporate tax burden
should be an average of the two regimes.

b. The top marginal personal income tax rate
O Very low: if less than 35%
O Low: if between 35% and 40%
O Moderate: if between 41% and 49%
O High: if between 50% and 55%
O Very high: if more than 55%

22



Economist Intelligence Unit

Economist Intelligence Unit background document for
Innovation: Transforming the way business creates
a white paper sponsored by Cisco

c. Value-added tax
O Very low: if VAT rate less than 10%
O Low: if tax rate between 10% and 15%
0O Moderate: if tax rate between 15.1% and 20%
O High: if top rate between 20.1% and 24%
O Very high: if top rate more than 24%

d. Employers’ compulsory social security contributions
O Very low: if less than 7%
O Low: if between 7% and 14%
0 Moderate: if between 14.1% and 22%
O High: if between 22.1% and 30%
O Very high: if more than 30%

e. Assess the degree to which the fiscal regime encourages new investment
O Very high
O High
O Moderate
U Low
O Very low

f. Assess the consistency and fairness of the tax system
O Very high O High 0 Moderate O Low O Very low

g. Assess the complexity of the tax system

O Very simple

O Simple

O Moderately complicated

O Complicated

O Very complicated
Consider: the number of taxes that have to be paid and the time taken to process tax payments.
Word Bank Doing Business for historical data and business surveys.

6. Labour market flexibility (based on 2 indicators)
a. Degree of restrictiveness of labour laws on hiring and firing practices
O Very low
U Low
0O Moderate
O High
O Very high

b. Extent of wage regulation

O Very low: wages determined by supply and demand; no wage regulation; no
minimum wage law or law not enforced.

O Low: wages determined mainly by supply and demand; some minimum wage
regulations for specific sectors.

O Moderate: some controls including strict minimum wage law.

O High: extensive wage controls; government influence extensive.

O Very high: government determines wage structure.
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7. Openness of national economy to foreign investment
Government policy towards foreign capital
O Very encouraging: investment encouraged, almost no restrictions on activity.
O Encouraging: restrictions on investment in certain areas such as natural resources and
utilities.
O Fairly encouraging: some restrictions in addition to utilities.
O Restrictive: extensive restrictions, investments examined on a case-by- case basis.
O Very restrictive: investment banned or heavily discouraged.
Consider: restrictions on fields of activity and ownership shares, whether effective treatment is
fair and equitable, the ease and speed of registration procedures.

8. The hiring of foreign nationals
O Very easy
U Easy
0 With some difficulty
O With great difficulty
O Almost impossible
Consider: immigration barriers; rules on employment of local nationals; unofficial barriers.

9. Openness of national culture towards foreign influence
U Very open
U Open
O Fairly open
O Fairly closed
O Closed

10. Access to medium-term finance for investment

O Very good: easy access to foreign and domestic financial markets for the entire range
of financial instruments.

O Good: reasonable access, but impaired in at least one category, usually equity finance.

O Fair: access to foreign markets mainly for foreign-owned firms. Can tap domestic
bank finance, but limited availability of other vehicles.

O Poor investment mainly self-financed. Limited bank finance.

O Very poor: acute shortage of investment finance.

11. Protection of intellectual property

O Very good

0 Good

O Fair

U Poor

U Very poor
Consider: how strict and well-enforced the regulations are. How efficient are the courts in
dealing with transgressors? Can the injured party gain an injunction? Does protection extend to
patents, trademarks and service marks?
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12. Popular attitudes towards scientific advancement
Based on World Values Survey question, % agreeing with statement that scientific advance helps
mankind.

O Very high: over 60%

O High: 50-60%

0O Moderate: 40-49.9%

0 Low: 30-39.9%

O Very high: less than 30%
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