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Abstract
This paper discusses the link between R&D and productivity across the European industrial and service
sectors. The empirical analysis is based on both the European sectoral OECD data over the period
19872002 and on a unique micro longitudinal database consisting of 532 top European R&D investors
over the sixyear period 20002005. The main conclusions are as follows. First, the R&D stock has a
significant positive impact on labour productivity; this general result is largely consistent with previous
literature in terms of the sign, the significance and the magnitude of the estimated coefficients. More
interestingly – both at sectoral and firm levels  the R&D coefficient increases monotonically (both in
significance and magnitude) when we move from the lowtech to the medium and hightech sectors.
This outcome means that corporate R&D investment is more effective in the hightech sectors and this
may need to be taken into account when designing policy instruments (subsidies, fiscal incentives, etc.)
in support of private R&D. However, R&D investment is not the sole source of productivity gains;
technological change embodied in gross investment is of comparable importance on aggregate and it is
the main determinant of the productivity increase in the lowtech sectors. Hence, an economic policy
aiming to increase productivity in the lowtech sectors should support the overall capital formation.
Keywords: R&D, productivity, hightech sectors, innovation and industrial policy
JEL classification: O33
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1. Introduction
From a macroeconomic viewpoint, starting from the '90s, the US and the EU show a
persistent divide both in terms of economic growth (see Fig. A1 in the Appendix) and in terms
of labour productivity growth (see Fig. A2 in the Appendix). In particular, what seems obvious
is that the EU15's historical process of catchingup to the higher levels of labour productivity of
the US economy stops around the mid '90s (see O'Mahony and Van Ark, 2003; Blanchard,
2004; Turner and Boulhol, 2008).
Most of scholars agree that to explain the transatlantic productivity gap and the differences
within Europe, one has to seriously take into account the R&D and innovation divides which
emerged with the spread of the ICT technologies (see Daveri, 2002; Crespi and Pianta 2008).
Indeed, R&D expenditures in general and ICT technologies in particular have been
demonstrated to play an important role in explaining this persistent and somehow broadening
productivity gap within the industrialised countries (see Oliner and Sichel, 2000; Stiroh, 2002;).
Within this interpretation of recent economic trends and divides, the role of private R&D
investment by corporate firms (Business Enterprise Research and Development: BERD) has
been recognised as a fundamental engine for productivity growth both at the macro and
microeconomic level (see Baumol, 2002; Jones, 2002).
The EU15 lags considerably and persistently behind the US in this respect (see Fig. 1).
Hence the private R&D gap might be considered the main culprit of the growth and
productivity transatlantic gaps discussed above. Indeed, increasing R&D investment is an
issue of major concern for the European long term policy strategy. This is the rationale of the
"Lisbon agenda 2000" to make Europe the most dynamic knowledge economy in the world by
2010 and of the more specific "Barcelona target" which  two years later  committed the EU to
reach the objective of an R&D/GDP level of 3%, two thirds of which accounted for the private
sector (European Council, 2002; European Commission 2002)2.
If increasing R&D is envisaged as the main strategy to fill the productivity gap between the US
and the EU, a strong case in favour of the R&D intensive sectors may arise. In fact, one can
argue that the European delay in terms of private R&D investment is mainly due to a sectoral
2

In particular, the 7th Framework Programme for Research, Technological Development and Demonstration
th
activities, the 7 Euratom Framework Programme for Nuclear Research and Training Activities, the
Competitiveness and Innovation Framework Programme (CIP), and the Structural Funds are the four EU funding
sources for supporting research, development and innovation.
The EU FP7 with a total budget of over € 50 billion for the period 20072013 is the EU instrument specifically
targeted at supporting research and development. It provides funding to cofinance research, technological
development and demonstration projects based on competitive calls and independent peer review of project
proposals. Support is available for collaborative and individual research projects as well as for the development of
research skills and capacity. Since the 1980s, the successive Research Framework Programmes have played a
lead role in multidisciplinary research and cooperative transnational R&D activities in Europe and beyond.
The Euratom FP7 (20072011) has a dedicated budget of € 2.75 billion for applied research and training activities
in fusion energy and nuclear fission and radiation protection.
The CIP aims to foster the competitiveness of European enterprises and has a total budget of over € 3.6 billion for
the period 20072013. Specific CIP programmes promote innovation (including ecoinnovation); foster business
support services in the regions and better access to finance, with small and mediumsized enterprises (SMEs) as
the main target; encourage a better takeup and use of information and communications technologies (ICT); help to
develop the information society and promote the increased use of renewable energies and energy efficiency.
Finally, the Structural Funds support many thematic areas, including research, innovation and enterprise for which
EU funding in the period 20072013 will be above €86 billion. Each region or Member State has developed, in
discussion with the Commission and in partnership with all relevant private and public stakeholders, operational
programmes that cover the entire programming period.
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composition effect, since the R&Dintensive, hightech sectors are underrepresented in the
European economy in comparison with the American one (European Commission, 2008).
However, this interpretation appears controversial at the light of the very recent theoretical and
empirical debate. For instance, Mathieu and Van Pottelsberghe de la Potterie (2008), running
a panel analysis of the R&D intensity of 21 economic sectors in 10 European countries over
the period 19912002, conclude that BERD intensity is mainly driven by the degree of
specialization in R&D intensive industries. At any rate, this evidence in favour of the role of the
sectoral composition effect is limited to an analysis within European countries and to a
sectoral breakdown where manufacturing is singled out into 20 sectors while services are
treated as a single aggregate.

Fig. 1: Private R&D/GDP in EU15 and the US: 19812006
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Erken and Van Es (2007) put forward a more convincing exercise based on OECDSTAN and
OECDANBERD data concerning 14 European countries and the US and 36 industries (with a
proper disaggregation of services) over the period 19872003. Their striking result is that the
EU/US gap in private R&D intensity is mainly due to an intrinsic effect (European firms do less
R&D within each sector) rather than to the sector composition effect.
If the sectoral composition of the European economy provides only a marginal explanation for
the R&D divergence between the EU and the US, the argument for targeting hightech sectors
is partially weakened; although it remains true – by definition – that a way to increase the
European effort in private R&D is to insist on the hightech sectors, the sectoral composition of
the European economy does not emerge as the main shortcoming to catchup the US upper
trend in the private R&D/GDP ratio.
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However, the overall European productivity delay can be explained not only by a lower level of
private R&D investment, but also by a lower capacity to translate R&D investment into
productivity gains, in turn fostering competitiveness and economic growth. With regard to the
latter explanation, the European economies may be still affected by a sort of Solow's (1987)
paradox, i.e. by a difficulty to translate their own investments in technology into increases in
productivity3.
Differently from other studies, in this paper we gather available evidence and analyses with
the aim to put forward an original perspective, where hightech sectors may be crucial not
because they invest more in R&D but because within hightech sectors corporate R&D
investment may be more fruitful in terms of achieving productivity gains.
If the private R&D/labour productivity link is stronger in the hightech sectors, we would find
out an additional argument in favour of industrial and innovation policies targeted to reinforce
hightech sectors in Europe. These policies should be advisable not only because hightech
sectors invest more in R&D, but also because in those sectors private R&D investment is
more effective in getting those productivity gains which are in turn necessary to fill the
transatlantic gap in terms of competitiveness and economic growth.
The rest of the paper is organised as follows. In the next section a review of the previous
literature will be provided. In the following Section 3, the analysis – using OECD data  will be
disentangled at the sectoral level, indeed showing that the highest productivity gains can be
achieved in European hightech sectors. This outcome will be further supported by the
microeconometric evidence put forward in Section 4. The conclusive Section 5 will be devoted
to the possible implications of these empirical outcomes for the design of public instruments to
support R&D and for targeted European industrial and innovation policies.

2. Previous evidence
Starting from the seminal contributions of Zvi Griliches (1979, 1995 and 2000), the R&D
productivity relationship has been studied at the national, sectoral and firm’s level, using
different proxy for productivity according to data availability (labour productivity measured as
the ratio between value added and employment; labour productivity as the ratio between value
added and hours worked; total factor productivity; Solow’s residual; etc.).
In general, previous literature has found robust evidence of a positive and significant impact of
R&D on productivity (see, for instance, Klette and Kortum, 2004; Janz, Lööf and Peters, 2004;
Rogers, 2006; Lööf and Heshmati, 2006). In this literature, the estimated overall elasticity of
productivity in respect to R&D is positive, generally statistically significant and with a
magnitude depending on the level of analysis (country, sector or firm), on the adopted
econometric methodology and on the data used.
However, in this literature, the estimated overall average elasticity of productivity in respect to
R&D is ranging from 0.05 to 0.25 (see Mairesse and Sassenou, 1991 for a survey; Griliches
1995 and 2000; Mairesse and Mohnen, 2001).
Although previous empirical evidence from the microeconomic literature including sectoral
breakdowns is scarce, it seems to suggest a greater impact of R&D investment on productivity
in the hightech sectors rather than in the lowtech ones.

3

This paper uses firm labour productivity, as a proxy of firm performance, however the authors are conscious that
other firm performance variables can be used to explain the economic growth.
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For instance, Griliches and Mairesse (1982) and Cuneo and Mairesse (1983) performed two
comparable studies using microlevel data and making a distinction between firms belonging
to sciencerelated sectors and firms belonging to other sectors. They found that the impact of
R&D on productivity for scientific firms (elasticity equal to 0.20) was significantly greater than
for other firms (0.10).
In a more recent paper, Verspagen (1995) used OECD sectorallevel data on value added,
employment, capital expenditures and R&D investment in a standard production function
framework. His major finding was that the influence of R&D on output was significant and
positive only in hightech sectors, while for medium and lowtech sectors no significant effects
could be found.
Wakelin (2001) applied a Cobb–Douglas production function where productivity was
regressed on R&D expenditures, capital and labour using data on 170 UK quoted firms during
the period 19881992. She found R&D expenditure had a positive and significant role in
influencing productivity growth; however, firms belonging to sectors defined as "net users of
innovations" turned out to have a higher rate of return on R&D.
Finally, Tsai and Wang (2004) also applied a CobbDouglas production function to a stratified
sample of 156 large firms quoted on the Taiwan Stock Exchange over the period 1994 2000.
They found that R&D investment had a significant and positive impact on the growth of firm’s
productivity (with an elasticity equal to 0.18). When a distinction was made between hightech
and other firms, this impact was much greater for hightech firms (0.3) than for other firms
(0.07).

3. Sectoral evidence
3.1 The framework and the data
We will test the hypothesis that R&D expenditures are more effective in the hightech sectors
using comprehensive and recent databases both at the sectoral (this section) and at the firm
level (next section). In this and the following section, we will use the same specification, based
on an augmented production function:

ln(VA / E ) = a + b ln( K / E ) + g ln(C / E ) + l ln( E ) + e

(1)

Our proxy for productivity is labour productivity (Value Added, VA, over total employment, E);
our pivotal impact variables are the R&D stock (K) per employee, and physical capital
expenditures (C) per employee4. Taking per capita values permits both standardisation of our
data and elimination of possible size effects (see, for example, Crépon, Duguet and Mairesse,
1998, p.123). In this framework, total employment (E) is a control variable: if l turns out to be
greater than zero, it indicates increasing returns. All the variables are taken in natural
logarithms and deflated according to the different national GDP deflators.

4

Other explanatory variables like organizational innovation and skills (although not of the scope of this contribution)
are surely important in explaining firm productivity growth (see Piva, Santarelli and Vivarelli, 2005).
Unfortunately, given to data limitations, there was no possibility to control for the important role of human capital.
As far as spillovers are concerned, in a previous more analytical version of the paper (see Potters, OrtegaArgilés,
Vivarelli, 2008) sectoral spillovers have been controlled for and the main results turned out virtually unchanged.
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While K/E (R&D stock per employee) is capturing that portion of technological change which is
related to the cumulated R&D investment, C/E (physical capital per employee) is the result of
extensive (using the same technology) and intensive investment, implementing new
technologies. This latter component of C represents the socalled embodied technological
change with its great potential to positively affect productivity growth. The embodied nature of
technological progress and the effects related to its spread in the economy were originally
discussed by Salter (1960); in particular, vintage capital models describe an endogenous
process of innovation in which the replacement of old equipment and machinery is the main
way through which firms update their own technologies (see Freeman, Clark and Soete, 1982;
Freeman and Soete, 1987).
As is common in this type of literature (see Hulten, 1990; Jorgenson, 1990), stock indicators 
rather than flows – are considered as impact variables; indeed, productivity is affected by the
cumulated stocks of capital and R&D expenditures and not only by current or lagged flows. In
this framework, R&D and physical capital stocks have been computed using the perpetual
inventory method, according to the following formulas:

Kt 0 =

Ct 0 =

R & Dt 0
( g + d ) and K t = K t -1 × (1 - d ) + R & Dt where R&D = R&D expenditures

(2)

It0
( g + d ) and Ct = Ct -1 × (1 - d ) + I t where I = gross investment

(3)

Moreover, the use of cumulated stock permits to avoid the arbitrary choice of a particular
structure of lags in measuring the impact of current and previous R&D investments. Finally, in
using the perpetual inventory method and computing both g and δ, sectoral and country
peculiarities in the available data have been taken into account.
In this section the data sources are the OECDSTAN and the OECDANBERD databases.
Given the aims of this study, separate estimates for the high, medium and lowtech European
sectors will be put forward, using the standard OECD sectoral splitting (Hatzichronoglou,
1997)5.
Given the limitations in the availability of comparable OECD sectoral data, regressions have
been run over the period 19872002 and compounded average growth rates (g) have been
computed over at least the three years period before the reference period.
Depreciation rates (δ) have been differentiated, taking into account what commonly assumed
in the reference literature (see Nadiri and Prucha, 1996 for physical capital; Hall and Mairesse,
1995 and Hall, 2007 for the R&D stock): namely, on the one hand, depreciation rates for the
R&D stocks have been assumed larger than the corresponding rates for physical capital
(assuming technological obsolescence being more rapid than scrapping of physical capital);
on the other hand, depreciation rates for the hightech sectors have been assumed larger than
the corresponding rates for medium and lowtech sectors (under the assumption that the
technological pace is more accelerated in the hightech sectors). In detail, depreciation has
been assumed equal to 4%, 6% and 8% with regard to physical capital depreciation

5

In this section, the analysis is limited to the sole manufacturing sector and to the period 19872002 because of
data limitations in terms of availability, reliability and homogeneity. In the next section, the analysis will include the
service sectors.
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respectively in the low, medium and hightech sectors, while the corresponding δ for R&D
stocks has been assumed equal to 12%, 15% and 20% respectively6.

3.2 Empirical findings at the sectoral level
Taking into account the limitations in the OECD STAN and ANBERD sectoral databases, the
EU overall estimation accounts for (on average, with some missing values) 15 manufacturing
sectors in 9 European countries over 12 years, resulting in a total number of observations
equal to 1,591.7 Pooling estimates (POLS) have been controlled for national and annual fixed
effects through country and yearly dummies (both highly significant) and computed using
heteroskedasticity robust standard errors.
In addition to POLS estimates, we also run random effect specifications in order to control for
possible idiosyncratic sectoral effects such as particular evolutions in the sectoral cost
structure and in the sectoral demand. We chose a random rather than a fixed effects
specification because the withinsector component of the variability of the dependent variable
turned out to be overwhelmed by the betweensectors one (0.18 vs 0.46). Moreover, the
Hausman test comparing the random and fixed effects models for the whole sample clearly
supported the former (χ2=17.23, pvalue=0.24). Heteroskedasticity problems were checked
and corrected accordingly by the Eicker/Huber/White sandwich estimator.
Table 1. Sectoral estimates; Dependent variable: log(Labour Productivity) – 9 European
countries, 19872002 (column (1) Total; column (2) Hightech sectors (ISIC 2423, 30, 32,
33); column (3) Mediumtech sectors (ISIC 23, 242423, 25, 26, 27+28, 29, 31, 34, 35);
column (4) Lowtech sectors (ISIC 15+16, 17+18+19, 20+21+22, 36+37))
Whole Sample

Hightech

Mediumtech

Lowtech

Model Specification

POLS

RE

POLS

RE

POLS

RE

POLS

RE

Log (R&D stock per
employee)
Log (physical capital
stock per employee)

0.096
(0.007)
0.266
(0.012)
0.072
(0.016)
2.924
(0.085)

0.085
(0.021)
0.086
(0.019)
0.031
(0.062)
3.429
(0.223)

0.130
(0.034)
0.283
(0.046)
0.212
(0.056)
1.979
(0.255)

0.234
(0.055)
0.073
(0.066)
0.372
(0.114)
2.463
(0.401)

0.039
(0.009)
0.244
(0.022)
0.171
(0.020)
3.428
(0.116)

0.010
(0.031)
0.072
(0.023)
0.279
(0.061)
4.399
(0.275)

0.017
(0.017)
0.249
(0.025)
0.162
(0.015)
2.083
(0.120)

0.120
(0.017)
0.127
(0.029)
0.001
(0.039)
3.379
(0.249)

2.37
(0.007)
15.98
(0.000)

197.33
(0.000)
11.61
(0.169)

0.93
(0.514)
28.49
(0.000)

20.74
(0.036)
53.72
(0.000)

2.17
(0.014)
13.60
(0.000)

180.84
(0.000)
22.76
(0.003)

1.17
(0.307)
46.84
(0.000)

147.30
(0.000)
28.09
(0.000)

0.518

0.396

0.550

0.357

0.555

0.488

0.623

0.280

Log (Employment)
Constant
Wald timedummies
(pvalue)
Wald countrydummies
(pvalue)
Rsquared (overall)
observations
sectors

1591
133

308
26

863
72

420
35

Note: robust standard errors in brackets; all coefficients are significant at the 99% level of confidence
apart from those underlined (not significant).

6

It is the authors' intention to run a sensitivity analysis to see how sensitive the model is to the choice of different
depreciation rates. Some preliminary robustness checks have been performed and the results did not change.
7
See Table A1 for the covered countries and periods; the sectors involved are indicated in the headings of Table 1.
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Looking at the evidence presented in Table 1, it is obvious that both the cumulated physical
capital and the cumulated technological capital (the R&D stock) have a positive and significant
impact on labour productivity on aggregate8; however, the role of R&D is particularly strong in
the hightech sectors with an elasticity (highly statistically significant) ranging from 13% to
23%. The impact of the cumulated R&D stock in the mediumtech sectors goes down to 4%
according to POLS and becomes even not significant according to the RE estimates. Finally, if
we turn our attention to the lowtech sectors, the R&D stock has a nonsignificant or even a
counterproductive impact on productivity9. Hence, hightech sectors emerge as the only ones
where the R&D/productivity link is significant and robust to the different specifications.
The physical capital stock is also positively and significantly affecting productivity in aggregate
and this effect is homogeneously significant across sectors (with the only exception of the RE
model in the hightech sectors). Hence, embodied technological change emerges as important
source of productivity gains in all sectors of the European economy; since R&D seems to be
ineffective in the lowtech sectors, it turns out to be the sole driver of increases in productivity
in the lowtech ones.

4 Microeconometric evidence
4.1 The framework and the data
In order to further investigate whether the revealed relationship between R&D and productivity
is more obvious in firms belonging to certain sectors than to other ones, we built up an
unbalanced longitudinal database consisting of 532 top European R&D investors over the six
year period 2000200510. This unique database was constructed by merging the UKDTI R&D
Scoreboard data and the UKDTI Value Added Scoreboard data11. By merging the two
databases we obtained the necessary information to compute our dependent variable (labour
productivity, VA/E), our main impact variable (K/E) and our additional variables (C/E and E)12.

8

Both these results are expected and consistent with the previous literature discussed above.
However, the negative and significant R&D coefficient in the RE model concerning the lowtech sectors (last
column in Table 1) should be taken cautiously since – differently from the whole sample, hightech and lowtech
cases – the RE estimates dramatically depart from the POLS ones, revealing both instabilities in the single
coefficients and a disappointing fitness of the overall regression (see the low Rsquared).
10
The shortness of the panel, only six years in terms of its time series dimensions and where the dominant
component of the data variability has a purely crosssection nature, does not allow us to take into account the
dynamic properties of the model, the stationarity of the time series and the opportunity to run a specification in
terms of growth rates. This suggestion of further analyses will be taken into account in the following extensions of
the work done in this working paper. The COMPUSTAT data (comprising about twenty years) will allow
investigating the dynamic properties of the model.
11
The UK Department of Trade and Industry (DTI) collects detailed and tracked data on the larger European firms
– both in manufacturing and services  in terms of their R&D investment and value added (VA); the two separate
DTI datasets contain information at the firm level, distinguishing by country and sector. Although including data
from 14 European countries (Austria, Belgium, Denmark, Finland, France, Germany, Ireland, Italy, Norway, Spain,
Sweden, Switzerland, the Netherlands and the UK), British firms are overrepresented in the DTI databases.
12
Out of the original 577 firms, 27 firms belonging to marginal sectors with fewer than five firms were dropped, 6
outliers were excluded according to the results of Grubbs' tests centred on the sectoral average growth rates of
firms' R&D stock intensity (K/VA) over the investigated period, and 12 additional firms were dropped for reasons
related to the computation of the R&D and capital initial stocks in the year 2000. Finally, M&A were treated in a way
that does not compromise the comparability of longitudinal data; specifically, when an M&A occurs, a new entry
appears in the database, while the merged firms exit.
9
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An important caveat about the following analysis concerns the nature of the sample, which is
made by the top European performers with regard to R&D investments. In other words, while
the previous sectoral analysis based on OECD BERD data can be considered fully
representative of the European economy, here only the European "champions" are
considered. However – notwithstanding this source of sample selection – we can still provide
interesting insights on the possible differences in the R&D/productivity relationship across top
R&D investors belonging to different industrial sectors13.
In particular, we split our panel into three subgroups of comparable size: hightech, medium
tech and lowtech sectors14. Ex ante, we endogenously grouped the sectors according to their
overall R&D intensity (R&D/VA), assuming the thresholds of 5% and 15%15. Ex post, we
compared the outcome of our taxonomy with the OECD classification, and we registered a
high degree of consistency at least as far as the comparable manufacturing sectors are
concerned16. The service sectors were allocated accordingly (see Tables A2 and A3 in the
Appendix)17.
As in the previous section and accordingly with the related microeconometric literature (see
Hall and Mairesse, 1995; Bönte, 2003; Parisi, Schiantarelli and Sembenelli, 2006), stock
indicators (rather than flows) were inserted as impact variables; indeed, a firm's productivity is
affected by the cumulated stocks of capital and R&D expenditures and not only by current or
lagged flows18.
In this framework, R&D and physical capital stocks were computed again using the perpetual
inventory method. As far as the growth rates for the physical capital and R&D are concerned,
we used the OECD STAN and the OECD ANBERD databases respectively. In particular, we
computed the compounded average rates of change in real R&D expenditures and fixed
capital expenditures in the relevant sectors and countries over the period 19901999 (the ten
year period preceding the period investigated in this section).
As far as the depreciation rates for K and C are concerned we chose to apply different rates to
each of our three sectoral groups. Like in the previous section, we applied sectoral
depreciation rates of 20%, 15% and 12% to the R&D stock and 8%, 6% and 4% to the
physical capital stock (respectively for the high tech, mediumhightech and mediumlow/low
tech sectors). The resulting weighted averages were 15.6% for the R&D stock and 6.0% for
the capital stock respectively; these values are very close or identical to the 15% and 6%
commonly used in the literature19.

13

The context of organization changes, financial constraints and financial systems are some aspects that are
interested to be considered, however due to limitations of the data in this version of the working papers are not
taken into account. Financial indicators will be addressed in the next versions of the analysis using COMPUSTAT
dataset.
14
Compared with the OECD classification, we grouped lowtech and middlelowtech sectors together, in order to
have enough observations in each of the sectoral groups.
15
Note that these thresholds are significantly higher than those adopted by the OECD for the manufacturing
sectors only (2% and 5%, see Hatzichronoglou 1997); this is the obvious consequence of dealing with the top
European R&D investors.
16
Only two sectors (automobile and food) turned out to be upgraded; this is also a consequence of dealing with
top R&D investors.
17
Given the data limitations, we have grouped the sector based on the R&D intensity, it is our intention to replicate
the same analysis with COMPUSTAT data and put forward a sectoral classification based on multiple innovative
variables.
18
Using cumulated R&D and capital stocks – as in the previous relevant literature – overcomes a potential
endogeneity problem which can arise if flows are used.
19
It is the authors' intention to run a sensitivity analysis to see how sensitive the model is to the choice of different
depreciation rates. Some preliminary robustness checks have been performed and the results did not change.
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4.2 Empirical findings at the firm level
The results from the microeconometric estimates are reported in Table 2. Specification (1)
was tested through two econometric methodologies: pooled ordinary least squares (POLS)
and random effects (RE).
We chose a random rather than a fixed effects specification for various reasons. Firstly, the
nature of our unbalanced short panel (six years with an average of 3.4 observations available
per firm) severely affects the withinfirm variability component of our data. Secondly, and
consistently with the previous observation, the withinfirm component of the variability of the
dependent variable turns out to be overwhelmed by the betweenfirms component (the
standard deviations being 0.15 and 0.58 respectively). Thirdly, the Hausman test comparing
the random and fixed effects models for the whole sample clearly supports the former
(χ2=4.65, pvalue=0.79). Fourthly, in the fixed effects model the estimation of the coefficient of
any timeinvariant regressor – such as an indicator of sectoral belonging – is not possible as it
is absorbed into the individualspecific effect; this is particularly unfortunate in our case, where
the twodigit sectoral dummies always turn out to be both jointly significant (see the
corresponding Wald tests in Table 2) and individually significant in the vast majority of cases
(for instance, in 25 cases out of 27 sectoral dummies for the whole sample).
As was the case in the sectoral estimates, we used the Eicker/Huber/White sandwich
estimator; diagnosis tests reveal the satisfactory fitness of the chosen models and the
usefulness of including country, time and sectoral dummies.
As can be seen, the R&D stock has a significant positive impact on a firm's productivity with
an overall elasticity of about 10%; this general result is largely consistent with the previous
literature both in terms of the sign, the significance and the estimated magnitude of the
relevant coefficient (see Section 2)20.
More interestingly, the coefficient increases monotonically when we move from the lowtech to
the mediumhigh and the hightech sectors, ranging from a minimum of 35% in the lowtech
industries (and turning barely significant in both the models) to 1113% in the mediumtech
sectors (achieving 99% significance) and to a maximum of 1417% in the hightech ones (also
fully significant). These outcomes are consistent with the previous empirical results at the
sectoral level (see Section 3): on the whole, hightech sectors not only invest more in R&D21,
but are also getting more  in terms of productivity gains – from their own research activities.
On the other side of the spectrum, a clear link between private R&D and productivity does not
come out as far as the lowtech industries are concerned.
The physical capital stock also increases a firm's productivity, with an overall elasticity which
turns out to be around 12/13%; however, this effect is stronger in the lowtech sectors, lower
but still significant in the medium tech sectors, while it turns out to be not significant in the
hightech sectors22. Consistently with what emerged in the previous section, this evidence
20

The results are far from being expected: giving the law of decreasing returns, exante expectations are exactly
the opposite. One would have expected lower marginal coefficients in the hightech sectors, characterized by
largely higher level of the knowledge stock. Results show that, at least in Europe, hightech sectors have still a lot
to gain from R&D investment, both in terms of average and marginal productivity returns.
21
See Table A2 in the Appendix for some descriptive statistics, where it clearly emerges the higher average R&D
intensity (K/E) characterising the firms belonging to the hightech sectors.
22
At the micro level, it may well be the case that a hightech firm is always "on the frontier" as far as the installed
capital is concerned (for instance, using the latest vintages of machineries incorporating the most recent process
innovations). In this context, marginal productivity gains only come from the R&D activities and the correlated
product innovations. In the lowtech sectors, the opposite can happen, with productivity gains mainly associated
with the process innovations associated with a gradual renewal of the installed capital (embodied technological
change).
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seems to suggest that the embodied technological change is crucial in the lowtech sectors23,
while in the hightech sectors technological progress is mainly introduced through R&D
investments.
Table 2. Firm level estimates; Dependent variable: log(Labour Productivity)
Whole Sample

Hightech

Mediumtech

Lowtech

Model Specification

POLS

RE

POLS

RE

POLS

RE

POLS

RE

log(R&D stock per
employee)
log(physical capital per
employee)

0.104
(0.009)
0.132
(0.013)
0.078
(0.009)
0.088
(0.195)

0.104
(0.017)
0.123
(0.018)
0.115
(0.017)
0.809
(0.293)

0.169
(0.019)
0.002
(0.019)
0.059
(0.014)
1.533
(0.196)

0.138
(0.030)
0.017
(0.024)
0.118
(0.028)
0.532
(0.263)

0.115
(0.014)
0.154
(0.019)
0.086
(0.014)
0.977
(0.167)

0.126
(0.031)
0.147
(0.031)
0.089
(0.027)
0.919
(0.299)

0.029
(0.015)
0.245
(0.021)
0.092
(0.018)
0.497
(0.195)

0.048
(0.026)
0.223
(0.032)
0.127
(0.028)
1.130
(0.297)

Wald sectordummies
(pvalue)

7.67
(0.000)
46.04
(0.000)

95.68
(0.000)
382.93
(0.000)

2.97
(0.012)
28.16
(0.000)

29.93
(0.000)
43.91
(0.000)

3.87
(0.002)
14.05
(0.000)

32.37
(0.000)
19.98
(0.003)

6.46
(0.000)
36.35
(0.000)

54.63
(0.000)
161.23
(0.000)

Wald countrydummies
(pvalue)

8.11
(0.000)

32.70
(0.002)

21.28
(0.000)

85.55
(0.000)

30.11
(0.000)

79.34
(0.000)

6.38
(0.000)

19.06
(0.087)

0.663

0.651

0.581

0.556

0.515

0.507

0.802

0.789

log(Employment)
Constant
Wald timedummies
(pvalue)

Rsquared (overall)
observations
firms

1787
532

600
170

671
196

516
166

Note: robust standard errors in brackets; all coefficients are significant at the 99% level of confidence
apart from those either underlined (not significant) or in italics (barely significant at the 90% level).

5 Conclusions and policy implications
Consistently with the evidence from previous literature, this study further confirms that the
relationship between R&D stock and productivity is positive and statistically significant, with an
overall elasticity around 0.10. Moreover, this report provides the following further original
findings.
1. The positive and significant impact of R&D on productivity is confirmed at both
sectoral and firm levels.
2. R&D is clearly and significantly linked to productivity in the hightech sectors
and – to a lesser extent – in the mediumtech industries; differently, a
significant impact seems not to be found within the lowtech sectors. Hence,
firms in hightech sectors not only invest more in R&D, but also achieve more in
terms of the productivity gains connected with research activities.

23

On the crucial role played by embodied technological change in traditional sectors, see Santarelli and
Sterlacchini (1990); Conte and Vivarelli (2005).
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3. Investment in physical capital is significantly linked to productivity gains,
confirming that the "embodied technological change" is a crucial driver of
productivity evolution. This relationship is particularly strong in the lowtech
sectors, where investment activities are the sole significant sources of
productivity gains.
The implications in terms of European research and innovation policy are straightforward.
1. Considering that higher productivity gains can be achieved in the hightech
sectors, the allocation of the R&D efforts is as important as its increase; hence,
hightech sectors should be targeted by the R&D policy.
2. Considering that the relationship between R&D and productivity is stronger in
the hightech sectors, another way to increase the European productivity
performance consists in an industrial policy based on incentives in favour of the
expansion of the presence of the hightech sectors in the European economies.
In other words, the European industrial structure – although given in the short
term – should be addressed in the longrun, to favour the relative growth of the
hightech sectors.
3. Considering that productivity gains within lowtech sectors are better achieved
through the implementation of embodied technological change, a proper policy
aiming to increase productivity in those sectors should foster investment in
physical capital.
On the whole, the findings of this report support a targeted research policy rather than an
"erga omnes" type of public intervention. This consideration applies both to the distribution of
subsidies and to the design of fiscal incentives targeting corporate R&D investment.
As far as fiscal policy is concerned, most of European governments (Germany being a notable
exception) have adopted tax incentives to foster R&D expenditure, leaving the private sector
to decide which is the most productive way to invest the fiscal gain (see CREST, 2004 and
2006). However, most of the adopted fiscal measures are "erga omnes" and related to general
R&D costs and investment. Exceptions can be found in particular fiscal schemes addressed
either to innovative SMEs (such as, for instance, the EUROSTARS scheme24), startups or
research cooperation. However, sectoral discrimination in fiscal measures does not seem on
the agenda of European governments, apart from specific measures to support the socalled
new technology based firms (NTBFs; see Nill, 2006). As it will be now obvious to the reader,
the picture that emerges from this report favours targeted fiscal measures to foster R&D in the
hightech sectors, far away from increasing the adoption of fiscal incentives on a general
basis.
To summarise, it is nowadays necessary to go a step ahead of the current conventional
wisdom, stating that increasing R&D is crucial to foster European productivity and
competitiveness. While this is the common background of the LisbonBarcelona targets, the
evidence provided in this study not only confirms the need to increase corporate R&D
investment, but supports the view that this effort should be concentrated in the hightech
sectors. Overall, the allocation of the R&D effort is as important as its increase.

24

The EUROSTARS programme will offer funding to those European SMEs with less than 250 employees
who invest at least 10% of their annual turnover in R&D activities.
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Appendix
Fig. A1: Real GDP growth in the US and the EU15: 19802007 (Source: OECD)
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Fig. A2: Labour productivity growth in the US and the EU15: 19962006 (Source: OECD)
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Table A1: The OECD sectoral dataset
Country
Finland
France
Germany
Ireland
Italy
Netherlands
Spain
Sweden
United Kingdom

N° of
sectors
17
13
17
14
17
12
9
17
17

manufacturing Period
19872002
19872002
19912002
19912002
19912002
19872002
19872002
19872002
19872002

2005

2006
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Table A2: Descriptive statistics (532 UK Scoreboard firms)

Variable

All firms

Hightech

Mediumhigh

Lowtech

Mean

SD

Mean

SD

Mean

SD

Mean

SD

VA/E

0.068

0.062

0.063

0.037

0.053

0.024

0.095

0.100

K/E

0.032

0.049

0.062

0.069

0.021

0.026

0.012

0.013

C/E

0.473

1.756

0.158

0.400

0.135

0.176

1.280

3.091

E

36120

62434

40626

73890

22736

38350

48258

69635

Table A3: Sectoral classification and composition of the UK Scoreboard sample

Hightech
Technology hardware & equipment
Pharmaceuticals & biotechnology
Leisure goods
Aerospace & defence
Automobiles & parts
Software & computer services
Electronic & electrical equipment
Mediumtech
Chemicals
Industrial engineering
Health care equipment & services
Household goods
General industrials
Food producers
Media
Lowtech
Fixed line telecommunications
Industrial metals
Electricity
Oil equipment, services & distribution
General retailers
Support services
Construction & materials
Banks
Gas, water & multiutilities
Oil & gas producers
Mobile telecommunications
Industrial transportation
Beverages
Mining
Total

R&D intensity firms

observations

0.21
0.41
0.28
0.25
0.20
0.16
0.16
0.15
0.08
0.12
0.08
0.08
0.06
0.05
0.05
0.05
0.02
0.03
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.00
0.09

600
77
120
25
82
140
56
100
671
154
209
43
51
69
105
40
516
43
39
43
22
29
67
65
6
75
48
17
23
20
19
1787

170
22
30
7
21
37
21
32
196
42
58
14
18
20
31
13
166
14
14
13
7
9
22
15
6
23
13
6
11
8
5
532
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Abstract
This paper discusses the link between R&D and productivity across the European industrial and service
sectors. The empirical analysis is based on both the European sectoral OECD data over the period
19872002 and on a unique micro longitudinal database consisting of 532 top European R&D investors
over the sixyear period 20002005. The main conclusions are as follows. First, the R&D stock has a
significant positive impact on labour productivity; this general result is largely consistent with previous
literature in terms of the sign, the significance and the magnitude of the estimated coefficients. More
interestingly – both at sectoral and firm levels  the R&D coefficient increases monotonically (both in
significance and magnitude) when we move from the lowtech to the medium and hightech sectors.
This outcome means that corporate R&D investment is more effective in the hightech sectors and this
may need to be taken into account when designing policy instruments (subsidies, fiscal incentives, etc.)
in support of private R&D. However, R&D investment is not the sole source of productivity gains;
technological change embodied in gross investment is of comparable importance on aggregate and it is
the main determinant of the productivity increase in the lowtech sectors. Hence, an economic policy
aiming to increase productivity in the lowtech sectors should support the overall capital formation.
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