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Abstract
This paper analyses the relationship between productivity growth and R&D expenditure. A Cobb–Douglas function including R&D intensity is estimated for 170 UK firms. A positive and significant role is found for the firm’s own R&D expenditure
in influencing productivity growth. Separating the firms according to their innovation histories, the rate of return to R&D is
much higher for innovative than non-innovative firms. Firms located in sectors that are defined as net users of innovations
also appear to have a high rate of return on R&D, both their own and that of other firms in their sector. The innovation history
of both the firm and the sector appear to be important in influencing the rate of return to R&D. © 2001 Elsevier Science B.V.
All rights reserved.
Keywords: Productivity; R&D expenditure

1. Introduction
The renewed interest shown in empirical research
into the importance of technology in productivity
was prompted by the productivity slowdown noted
in much of the industrialised world in the 1970s
(Griliches, 1986). As research into the role of technological change in economic growth indicated that
technological change is one of the key explanatory
factors in productivity growth (Solow, 1957), the observed decline in productivity led to concerns that
the level of technological change was diminishing.
This in turn increased efforts to assess the importance of R&D expenditure, along with other indicators of technology, in influencing both the level
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of productivity and changes in productivity for different countries and different periods. Many of the
ensuing studies examined the determinants of productivity at an aggregate level, either by country or
by sector; some research took the firm as the unit of
analysis.
In keeping with the last category of studies this paper examines the relationship between R&D expenditure and growth in productivity at the firm level; it is
the first study to do so for the UK. There are a number of advantages in considering the relationship from
the perspective of the firm. First, by considering the
firm, we can separate productivity improvements that
occur as a result of the direct R&D efforts of the firm
from the technological improvements and advances
that are general to the sector. Thus, we can attempt
to pinpoint the contribution of the firm’s own technological resources to its productivity growth. Second, a
greater number of observations are generally available
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for firms than for sectors. One drawback of the firm
approach is the generally poor quality of the R&D data
at the firm level. While the evidence from firm-level
studies for other countries confirms a positive role for
R&D expenditure in explaining productivity growth,
R&D expenditure has been of only limited explanatory power in explaining differences in productivity
rates among firms, sectors and countries (Griliches and
Mairesse, 1990).
Technology is treated in two different ways in the
paper. First, the current commitment of resources to
R&D expenditure is taken as one indicator of a firm’s
technological level. Second, the paper also aims to
investigate if the relationship between productivity
growth and R&D intensity varies according to the
innovation history of the firm. In order to do this
the firms are separated into two groups: innovators
and non-innovators, based on their past production
of innovations. This classification aims to capture
some aspects of technology which are not adequately
reflected by R&D expenditure. The innovation history of a firm may proxy accumulated technological
advantages, such as the attitude of the labour force
and management towards innovation, and the general
ability of the firm to implement change. There is
some evidence (Blundell et al., 1995; Malerba et al.,
1997) that the ability to innovate is persistent and firm
specific, making innovative firms qualitatively different from non-innovating firms. To investigate if this
is the case our estimates of productivity growth are
made separately for innovating and non-innovating
firms.
As a comprehensive survey of the impact of
R&D on productivity at the firm level already exists
(Mairesse and Sassenou, 1991), we will concentrate
on the practical problems raised in estimating productivity functions at the firm level and alternative
ways of dealing with them. Section 2 sets out the
relationship to be estimated. Section 3 provides information on the sample and outlines the data used.
Section 4 examines the results, which are presented
for all firms and for innovating and non-innovating
firms separately. Section 5 looks for any variations in
the relationship which may occur due to the sector
in which the firm is located, including the role of
spillovers of innovation from other firms in the economy on firm productivity. The last section gives some
conclusions.

2. R&D intensity and productivity growth
The model used to estimate productivity growth is
a version of the Cobb–Douglas production function in
its growth rate form. The production function includes
the standard factors of capital and labour as well as
the additional factor of knowledge capital. The objective is to attribute the rate of increase in productivity to increases in its inputs. Productivity is measured
as labour productivity and the assumption of constant returns to scale of capital and labour is explicitly
tested.
The objective in including knowledge capital in the
production function is to account for increases in productivity which occur due to technological improvements at the firm level. A number of proxies can be
used for knowledge capital, including stocks of R&D
expenditure, patent counts and data on actual innovations. R&D expenditure is the most common choice. 1
The production function is given by:
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where Q is a measure of output for firm i at time t (in
this case total sales), K is a measure of physical capital, L denotes the number of labour employed, and R
the knowledge capital. A is a constant and α, β and
γ are the elasticities of output with respect to physical capital, labour and knowledge capital. λ represents
disembodied technical change, ε is an error term. By
taking logarithms of the variables and first differencing, the relationship can be e0xpressed as a linear one
in terms of the change in labour productivity:
(q − l)it = λ + α(k − l)it + γ rit + θlit + vit
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where the variables in lower case are the rates of
growth of output (q), labour (l), physical capital (k),
and knowledge capital (r). By using the rate of change
of productivity, firm heterogeneity related to the level
of productivity is removed; only firm-specific growth
1

One problem in including R&D expenditure with capital and
labour is that some double counting occurs: capital equipment and
researchers in R&D laboratories will be included in the capital
and labour variables, respectively. As the necessary data are not
available double counting cannot be corrected for here. The result
is likely to be a downward bias in the estimates of the R&D
coefficient.

