
This chapter discusses the influence of innovation on
production and productivity growth. It focuses on
manufacturing, first at the aggregate level, then at the
level of sectors and industries. The data confirm the
key role of capabilities, knowledge , ICT and resear-
ch output in growth and productivity. The industry pat-
tern of productivity growth appears to be similar
across countries and to have recently become even
more similar, with technology-driven industries now
taking the lead in productivity increase in Europe
also. With respect to the forces facilitating innovation
and growth, lagging European countries are catching
up, albeit slowly, and some European countr ies com-
pare well with the US.

As discussed in Chapter I, the US is forging ahead in
productivity growth. Following a long per iod of more
rapid productivity growth in Europe, productivity grow-
th accelerated in the US during the last decade and
is now higher than in Europe and in Japan43. Between
the first and the second half of the 1990s the US
experienced an acceleration in terms of both output
and productivity. In contrast, in the EU productivity
decelerated by 0.7 percentage points despite accele-
ration in output of 1.1 percentage points. The next
section investigates these trends in the manufactu-
ring sector.

Labour productivity in EU manufacturing increased at
3 per cent per year during the 1990s and, in contrast
to productivity in the whole economy, a modest acce-
leration was registered between the first and the
second halves of the decade. Nevertheless, this
acceleration was less strong than in the US (see
Graph IV.1). The highest productivity growth in the EU
during the nineties was recorded in Ireland, Finland,
Austria and Sweden; in these four countries, produc-
tivity in manufacturing rose faster than in the US (see
Graph IV.2).The lowest growth rates were recorded in
Portugal, Spain and France (less than 2 % p.a.). In
the second half of the 1990s, three countries saw pro-
ductivity increase faster than in the US, eleven coun-
tries experienced productivity growth lower than in
the US, and in Spain productivity growth was negati-
ve (see Table IV.1).44

In manufacturing production, EU growth, which had
been superior to that in the US in 1986–90, declined
at a lower rate than US growth in the 1990s (1.7 %
annually compared to 4.1 % annually in the US).
Countries with low growth recorded barely more than
1 % annually for the decade, while countries with high
growth achieved around 4 %, with the exception of
Ireland (11.2 %) and Finland (6.2 %). Nevertheless,
an important acceleration took place in almost all
Member States between the first and the second half
of the 1990s.



As discussed in Annex II.1, modern growth theories
suggest that innovation is a crucial determinant of
growth. Innovation can be achieved through different
channels – through own R&D activities leading to
new products or processes, but also through a diffu-
sion effect associated with imported technology or
inputs or due to the presence of multinational firms; or
through spillover effects that magnify the benefits of
own R&D efforts. For this reason, when evaluating the
innovative strengths of a country, indicators other

than the ones directly related to own innovation (such
as measures of R&D effort) must be taken into
account. In particular, equally relevant are indicators
on the ability of a country to build on and to make the
most of existing knowledge and innovation through a
process of diffusion and adoption. Stern et al.(2000)
in fact shows that innovative performance depends
not only on research input but also on other variables
such as the existing stock of knowledge, the open-
ness of the country to international trade and invest-
ment and the share of GDP spend on higher educa-
tion.



This section examines the relation between indicators
on research, the knowledge base, ICT and capabili-
ties, and growth of output and productivity. Each indi-
cator is subject to measurement problems and can
account for only part of the growth differences; toge-
ther they establish a system of growth forces which
relate to the performance differences of EU countries
in the 1990s. Clearly, these indicators do not capture
all aspects relevant for fostering and implementing
innovation. Factors such as the presence of multina-
tional firms, the degree of labour mobility between
universities and firms or across countries, or the
openness of an economy, are important determinants
of the absorptive capacity of a country and of the
extent to which spil lovers can successfully take
place.45

The present discussion concerns ex c l u s i vely the
manufacturing sector.46 There is evidence that it is the
manufacturing rather than the service sector that
drives productivity growth and differentials thereof.47

Moreover, examination of the manufacturing sector
allows the use of additional information on research
intensity at sectoral level. Other than the indicators
related to knowledge, innovation and ICT, this section

also uses information contained in the Community
Innovation Survey to verify the importance of capabi-
lities.48 These variables are presented in Table IV.2.
Also, a measure of the speed of structural change
may indirectly add information regarding the need, as
well as the potential, for change, building a bridge to
the country profiles presented in Annex 1. Finally, the
potential relation between the growth forces and the
performance indicators is evaluated by means of rank
correlations and the results are reported in Table IV.2.
It should be stressed that correlation indicates only
the closeness of a relation but proves no causality.
Graph IV.3 shows the relationship between producti-
vity growth and each of the underlying forces.



• Research indicators

Growth of production and productivity are positively
related to research inputs, patents and publications.
Although the relationships are not particularly close,
those between growth and publications and between
productivity growth and patents are statistically signi-
ficant (see Table IV.2 and Graph IV.3). Sweden and
Finland rank high according to both research and per-
formance indicators; Germany ranks high in patents
and research input, but has only a moderate position
in output growth and productivity; the UK, which is
among the leading countries with respect to research
i n d i c a t o r s, displays low productivity gr ow t h . I n
contrast, Austria is far better ranked in growth perfor-
mance than in research indicators. The southern
countries – Greece, Spain, Portugal and Italy – rank
low in all research indicators and in performance indi-
cators. Ireland, the fastest growing economy, has
seen an increase in its research input and output, and
enjoys a high share of technology-driven industries,
but lags behind compared to research-intensive
countries.

• Knowledge base

To capture the concept of knowledge base, human
capital indicators (such as secondary and tertiary
education and human resources in technology as dis-
cussed in Chapter II) are combined with indicators of
production and use of ICT. Sweden (see Graph IV.3)
ranks highest according to human capital indicators
and Denmark and Belgium also rank high, reflecting
high expenditure on higher education. The UK per-
forms less well in this category, and Austria and
Ireland rank better in human capital than according to
research and ICT (see Graph IV.3). For ICT, Ireland
ranks high in consumption and in the production
share of ICT industries in manufacturing, but only
moderately with respect to diffusion (Internet hosts
and computers per resident). Germany and Belgium
rank lower in ICT production and computers per resi-
dent. The Member States ranking lower in this cate-
gory are the same as those for R&D indicators.

Finally, all correlations are positive and the share of
the work-force with tertiary education, computers per
resident and Internet hosts are significantly correla-
ted with production growth (see Table IV.2).

• The role of capabilities

The results show that indicators meant to capture the
notion of firms’ capabilities are closely related to

growth. There is a consensus that capabilities are
decisive for the performance of firms, but also that
they are difficult to measure. Four indicators from the
CIS innovation survey which proxy some aspects of
capabilities are used here, (see Ta ble IV. 2 ) .
Innovation expenses relative to sales,49 and the share
of firms that report co-operative and continuous
research are significantly related to production grow-
th; the last two are also related to productivity growth.
However, the share of new products in sales does not
find decisive statistical support.

According to the capability indicators, Ireland and
Austria rank lower than according to the performance
indicators, while the opposite holds for Germany,
France and the United Kingdom. Greece, Spain, Italy
and Portugal rank low in terms both of performance
and capability indicators – and in particular rank the
lowest in innovation expenditure and in the share of
firms reporting co-operative activities and continuous
research. In contrast, Finland and Sweden rank high
in both dimensions.

• Growth and speed of change

The speed of change of industrial structure50 is signi-
ficantly related to productivity growth, being highest in
the case of Ireland where productivity growth is also
the highest. Finland, which registers high productivity
growth, ranks fourth in the speed of change indicator.
At the lower end, Germany, Italy and the UK display
both slow speed of change and slow productivity
gr ow t h . Au s t ria's and Sweden's productivi ty has
increased despite slow structural change, while in
Portugal rapid change combines with low productivity
growth – see Table IV.2 and Graph IV.3.

Given the complexity of the relationship between the
innovation system and productivity growth, no close
statistical correlation between any single indicator
and growth performance should be expected. When
information on the possible growth factors is combi-
ned in a single indicator (called "combined indicator"
in Table IV.2 and Graph IV.3), measurement errors in
the individual series are reduced, and the results indi-
cate that a statistically significant relation between
the variables exists.







To sum up, among the various sets of indicators,
those meant to capture the notion of capabilities
appear to bear the closest relation with manufacturing
growth performance, supporting the relevance of evo-
lutionary theories and of approaches emphasising
the absorptive capacity of firms.51 None of the avai-
lable indicators on human capital shows a significant
relation with productivity growth in manufacturing,
and only public expenditure in education and working
population with tertiary education bear a significant
relation with production growth. Among the indicators
on ICT, Internet penetration and number of PCs per
inhabitant display a positive relation with both pro-
duction and productivity growth in manufacturing,
while ICT production or expenditure do not appear to
be significantly related to the performance, indicators.

Concerning research, R&D inputs, R&D intensity and
R&D personnel in the labour force are not significant-
ly related to growth performance while research out-
puts – patents and publications per resident – bear a
significant relation with performance, the first with
productivity growth and the second with production
growth. Note that, in general, the indicators are more
closely related to production growth than to producti-
vity growth.52



In the second half of the 1990s productivity increased
fastest in technology-driven industries, while in the
first half it grew fastest in capital-intensive indus-
tries53. The experience of the second half of the deca-
de suggests that a close connection between resear-
ch intensity and productivity growth across sectors
could be present. However, the experience of the first
half weakens this relationship since own–research
input is typically low in capital–intensive industries.54

• Technology, restructuring, and productivity growth

Graph IV.4 presents data on manufacturing produc-
tion and productivity growth in the EU and the US for
the period 1991–1998. High–tech industries wi th
strong productivity growth in the EU are electronic
equipment and medical equipment, but productivity
also increased very fast in capital–intensive indus-
tries like basic metals, pulp and paper, and chemi-
cals. In the last two sectors, apparent productivity
growth was influenced by reductions in employment.

The smallest increases are found in the cases of
apparel, leather and the food sector. Textiles registe-
red an average growth in productivity and a steep
decline in employment. In printing and publishing,
productivity increases were modest and employment
was on the increase.

In the second half of the 1990s, technology–driven
industries recorded marked increases in productivity
growth. None of the capital–intensive industries men-
tioned above recorded an increase in productivity
growth between the first and second halves of the
decade.55 In the early 1990s, the greatest productivity
increase took place in capital–intensive industries
(4.1 %), followed by technology–driven industries (3.4
%), wi th labour-intensive and marke t i n g – d r i ve n
industries trailing in productivity performance. In the
latest years, however, technology–driven industries
increased productivity most strongly (4.8 %). This
suggests that this group accounts for a large part of
the acceleration in productivity gr owth observe d
during this period. Capital–intensive industries expe-
rienced a modest 2 % productivity growth during this
latter period (see Graph IV.5).56

• Impact of technology on US industry

In the US, the role of technology-driven industries in
productivity growth is even more important than in the
EU. First, their share in manufacturing is larger than
in the EU (see Graph IV.6). Second, in the US these
industries recorded an average annual productivity
increase of 8.3 % in the 1990s – a much higher rate
than the 3.5 % achieved by the EU technology-driven
industries. In technology-driven industries, productivi-
ty accelerated from 5.4 % per year in the first half of
the decade to 13.3 % per year in the second. In 14
i n d u s t ri e s, productivity increased at doubl e – d i g i t
rates in the period 1996–1998, most of which are
technology-driven industries. In Europe, only four
industries enjoyed such large productivity increases57

• Sectoral research intensity in the EU and the US

Graph IV. 7 presents data on research intensity
during the 1990s, measured by R&D expenditure
over production, for the 11 highest and lowest resear-
ch intensity sectors in the EU and the US.

The data show that the telecommunications equip-
ment sector has the highest research intensity among
European sectors. In the leading sectors, research
relative to sales declined in the late 1990s, while pro-
ductivity growth increased.

In the US, office machinery, other transport, and tele-
communications equipment are the most research –
intensive sectors. Productivity – notoriously difficult to
measure in these industries – increased during the
1990s, partly in the second half (in office machinery
and in aerospace), and partly in the first. The ranking
of sectors by research intensity is very similar in the
US and the EU, but research intensity is higher in the
US in 16 of the 22 sectors. Three sectors with low
research activity are leading in increases: leather,
t extiles and printing recorded large increases in
research intensity.





• Research intensity and productivity growth

Productivity growth in the 1990s and research inten-
sity are significantly related across sectors (see Table
IV.3).This holds for the EU as a whole and for the US,
but not for the majority of the member countries indi-
vidually. International spillovers in research could be
one reason for the lack of correlation at country level.
Research intensity does not relate closely to produc-
tion growth – with the notable exceptions of Finland
and Sweden. Lags do not change the closeness of
the relation. 58

Electronic equipment, instruments and computers
are sectors with both high research intensity and high
productivity gr ow t h .5 9 A d d i t i o n a l l y, chemicals and
motor vehicles are in the top third of the sectors for

both indicators (see Graph IV.8). In the chemical sec-
tor, biotechnology undoubtedly accounts for these
results. Leather and apparel and the food industry
have low research intensities and low productivity
growth.

Textiles combines low research and low production
growth, and although apparent productivity is about
average, competitive pressure has led to decreasing
employment (- 3.9 % between 1991 and 1998). Other
t ra n s p o rt is the sector with the second highest
research input but production and productivity



increases are low, possibly reflecting the wide diver-
sity of this sector (from aircraft and spacecraft to rail-
ways). In addition, the locations of research and pro-
duction in this sector are not the same and are some-
times even outside Europe. E l e c t rical machinery
belongs to the top three sectors in research intensity
and has a moderate position in productivity growth.
Publishing and printing is a sector with low direct
research intensity but is implementing new forms of
technology at a very fast speed, via technology
investments embodied in equipment and intermedia-
te inputs. It is a high-growth sector, but its employ-
ment is also increasing, so that apparent productivity
performance is below average (ranking the fourth
l owest, as measured by real value added per
employee).

Table IV.4 is a matrix classifying sectors according to
productivity and research intensity in the EU and in
the US. The purpose is to uncover regularities across
these variables in the two regions. It is clear, to begin
with, that high research intensity is not associated
with low productivity growth either in the EU or in the
US. In the EU, low research intensity is not associa-
ted with high productivity growth either. However, this
is so in two sectors (tobacco products and wearing
apparel and dressing and dyeing of fur) in the US.

Electronic equipment displays high research intensity
and high productivity growth in 10 of 11 EU countries.
This favourable position is attained five times for ins-
truments and three times for other transport. For
motor vehicles, chemicals and office machinery, the
matrix contains two entries. On the other hand, in at





least three countries, food, wood products, and pulp
and paper combine low research intensity and low
productivity growth. Publishing and printing is an
exception in that in six countries research intensity
and productivity gr owth are low, but production
growth is high.

This section extends the study of the patterns of pro-
ductivity growth across the EU and the US to the 3-
digit industry level. In the 1980s, productivity growth
across industries in the EU differed significantly from
the pattern observed in the US. However, the 1990s
witnessed a convergence in the industry hierarchy of
productivity growth, as shown by a positive and signi-
ficant correlation between the two regions’ productivi-
ty growth at industry level.60 This similarity became
more evident in the second half of the 1990s, and the
correlation between the respective EU and US

variables reached its highest value in the last years of
the decade. The results, based on rank correlation
coefficients, are presented in Table IV.5. Even the
acceleration in productivity is significantly related, at
least at 2-digit level.

S eve ral factors are behind these findings.
Technology–driven industries, which had a disappoin-
ting productivity performance in the 1980s, started to
experience a reversal of fortune in the early 1990s. In
the EU, during this per iod, productivity in these indus-
tries was growing slowly (see Graph IV.6), possibly as
a result of slowness in the adoption of new technolo-
gies and timid structural reforms, and partly reflecting
the impact of the recession of the early 1990s and the
recurrent ERM crises. Competitive pressures, on the
other hand, led to an increase in apparent productivi-
ty in capital–intensive industries. In the second half of
the 1990s productivity increased the most in techno-
logy–driven industries, in both the EU and the US, but
at a significantly higher rate in the latter. The weak
similarity in the early 1990s was probably a reflection
of the macroeconomic difficulties ex p e rienced in
Europe, but in the second half of the decade techno-



logical forces appear to have played a crucial role in
determining the pattern.

As already mentioned, the impact of technology–dri-
ven industr ies on overall productivity is greater in the
US than in the EU. First, productivity increased faster
in these industries; second, in the beginning of the
1990s, the share of technology–driven industries was
22 % in the EU and 26 % in the US; and, third, the
productivity lead of the US – however difficult it may
be to measure productivity levels – was particularly
large in these industries, so that the dynamics of this
sector took place on top of a strong starting position.

Among the top 25 industries in both regions, three are
electronic industries (equipment, computers, valves
and tubes) and two are motor-vehicle industries
(bodies for motor vehicles and parts and accessories
for motor vehicles). Weapons and ammunition, and
instruments are other high–technology industries in
which productivity increased substantially both in the

EU and in the US (see Table IV.6). Most other indus-
tries in the top 25 group are capital–intensive indus-
tries, ranging from man–made fibres to steel and pulp
and wood. Technology–driven industries with high
productivity increases in the EU which are not among
the industries with high productivity growth in the US
are pharmaceuticals, electronic apparatus, and recor-
ded media. In general, of the 25 industries with the
highest productivity increases in the 1990s in the EU,
14 are also among the first 25 in the US.61 The simi-
larities at the lower end of the spectrum are less mar-
ked. Of the 25 industries with the lowest productivity
increases in Europe, only 10 are in the same group in
the US, among which are five textile industr ies, oils
and fats and motorcycles.

Comparison of the individual countries with the EU
average shows that patterns of productivity growth
have become similar across Member States. In 11





countries during the 1990s, the ranks in each country
are significantly related to the corresponding EU
ranks.62 The only countries where the correlation is
not significant are Denmark, Ireland and Finland. In
the case of France, Spain, the Netherlands and
Austria, the correlation is significant both for sectors
(2-digit level) and for industries (3-digit level). Three
small countries (Belgium, Po rtugal and Swe d e n )
have, together with two large countries (France and
Spain), the closest conformity to EU productivity
growth patterns.63

If there is a strong pattern of variation in productivity
growth across industries, countries with a higher
share of industries that have experienced high pro-
ductivity growth should themselves experience higher
productivity growth. This is to some extent the case.
For example, if the US had had the EU production
structure, its increase in productivity would have been
slower by half a percentage point in the 1990s. The
reason is that the high productivity growth in techno-
logy–driven industries would have had less weight
compared to the actual US data. However, if the EU
had had the US production structure, it would not
have had a higher productivity increase since several
of the capital–intensive industries, in which producti-
vity increases in the EU were specifically strong,
would have had less weight. According to the same
hypothesis, Greece (because of its high share of
capital–intensive industries) and Ireland (because of
its greater share of technology–driven industries than
the US) would have registered the greatest reduction
in productivity growth, while the highest gains would
have been achieved in the Netherlands and Belgium.

Innovation, leading to new products and production
processes, is an important determinant of productivi-
ty improvements and economic growth. But innova-
tion is also a complex process intertwined with factors
such as the strength of the knowledge base, institu-
tional arrangements, qualification of the labour force,
openness of the economy and overall ability to take
on board improvements achieved in other countries
or sectors. Other than through own innovation, an
economy may also improve its performance as a

result of innovation diffusion or through technology
embodied in inputs and new capital goods, which in
t u rn may magnify the benefits of own research
efforts. Indicators proxying different aspects that faci-
litate innovation and growth are indeed shown to be
related to productivity and economic performance in
manufacturing. The relationship is not necessarily
significant for each indicator separately, conceivably
due to the complex nature of innovation, the comple-
mentarity required between certain factors, and the
multiple roads to innovation and growth.

In the 1990s, EU technology-driven industries expe-
r ienced the highest productivity growth, followed by
capital-intensive industries, where this high growth
took place mainly in the first half of the decade. In the
US, technology-driven industries took the lead in pro-
ductivity growth in every sub-period.

The good performance of capital-intensive industr ies
in the EU during the first half of the 1990s is most pro-
bably the result of the restructuring that took place in
these industr ies and hints at the importance of embo-
died technology in innovation diffusion and its effect
on economic performance.

In the 1990s, research intensity and productivity
growth are significantly related across sectors, both in
the US and within the EU, though not in each Member
State individually. This relationship reveals the role of
research efforts for innovation and performance; on
the other hand, the lack of such relationship at coun-
try level may be a sign of international spillovers at
work.

In terms of patterns of productivity growth, there
appears to have been increasing convergence bet-
ween the US and the EU. While in the 1980s the US
hierarchy of productivity growth across industries was
significantly different from that in the EU, in the 1990s
these patterns became more and more similar. This is
partly the result of the lag, relative to the US, in pro-
ductivity performance of technology-driven industries.
In the EU, it was not until the second half of the 1990s
that technological forces appear to have played a
determining role in the industrial pattern of producti-
vity growth; while competitive forces, driving the
restructuring of capital-intensive industries, are most
likely behind the developments of the first half of the
decade.
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