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1 Introduction

Productivity, or the amount of output produced by a given number of in-
puts, can be measured in a number of ways;! the focus of Government
policy, and much of the theoretical and empirical literature, is on labour
productivity, which provides the theme of the discussion in this review.

A central plank of UK Government policy concerning Britain’s long run
economic performance relates to microeconomic policies aimed at raising
the rate of productivity growth. The first major assessment of productivity
policy by the Labour Government observed that:

The productivity challenge for the UK is to have a faster rise in
productivity than its main competitors as it closes the produc-
tivity gap. This challenge is increasing as major economies, es-
pecially the US, continue to have stronger productivity growth
than the UK and to widen the productivity gap.

HM TREASURY (2000, p. 8)

In response to this challenge, a policy framework has been developed that
identifies five drivers of productivity, which comprise the engine of long
term economic growth (see Box 2, and HM Treasury(2000, 20014, 20015,
2003, 2004)).

To place this objective in context, a brief overview of recent performance
is helpful. Since the end of the Second World War, UK productivity growth
has lagged behind that of her major advanced competitors, as shown in
panel (a) of the figure on page 4. The UK economy enjoyed a dominant
position in the nineteenth century, and conventional growth theory sug-
gests that other economies should have caught up with the UK over time,
before growing at the same rate. The evidence, however, refutes this pre-
diction: far from converging to UK productivity levels, several advanced
economies caught up, and promptly overtook the UK, driving a ‘productiv-
ity gap” which still exists today, and may even be worsening for particular
sectors.

Behind this aggregate figure of output per hour lies a number of trends
in factor inputs. Panel (c) shows that there has been a consistent downward
trend in the average number of hours worked per worker in the UK over
the post-war period, such that by 1999, the average hours were 20 per cent
lower than in 1950. In a comparative context, panel (d) shows that some
of the differences between productivity figures are accounted for by cross-
country differences in average hours worked. Thus for instance, the fact
that French average hours are roughly 8 per cent lower than in the UK
implies that the productivity gap between the two measured by output per

'Box 1 provides an explanation of the relevant issues.



Box 1: DEFINING PRODUCTIVITY

In general, productivity relates units of outputs to units of inputs. Specif-
ically, this can be represented as:

Output
Input

Productivity =

In the context of this study, the measure of output is generally national
income, or gross domestic product (GDP), whilst a number of inputs
appear in the literature. Two approaches are considered here: Labour
productivity, and Total Factor Productivity (TFP). These are examined
in turn.

1. Labour productivity is measured in various ways, depending on
the choice of labour input:

e OUTPUT PER CAPITA provides a broad indication of the aver-
age income per head across the whole population (or just the
population of working age)

e OUTPUT PER WORKER is focussed more specifically on the out-
put generated by people in work. A frequent assumption in
the literature on economic growth is that all available labour
is fully employed, meaning that output per worker and per
capita are equivalent; Aghion and Howitt (1998, Chapter 4)
study the effect of relaxing the full employment scenario.

e OUTPUT PER HOUR WORKED offers one of the most direct
measures of productivity performance, since it controls for
differences in working hours, which can be significant across
countries (see the figure on page 4).

2. Total Factor Productivity, or TFP, captures the contribution to out-
put of all inputs together. In an accounting sense, TFP is the ‘resid-
ual” growth in output that is not accounted for by growth in inputs.
Stylistically:

Growth in Output = Growth in Inputs 4 TFP growth.

TFP in this sense is a measure of what cannot be explained directly
by observed inputs; thus whilst it could capture the effect of tech-
nological progress (where higher TFP growth would indicate bet-
ter performance), it could also reflect differences in the structure of
sectors of the economy, as well as the influence of other factors that
have been erroneously omitted from the model.
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worker rather than output per hour, will be smaller than panel (a) implies.
Another indication of variations in inputs is suggested in panel (b), which
points to substantial differences in capital per hour worked.

Table 1 provides a snapshot of recent relative performance on a total-
factor productivity measure which captures the efficiency with which both
labour and physical capital are used in the economy. Although the total
economy-wide figures point to a smaller productivity gap with respect to
the USA and France, this aggregate picture hides differences at a sectoral
level. Where the UK is a leader in TFP levels for transport and communica-
tions, for example, in other areas such as manufacturing and financial and
business services, levels of TFP in competitors are up to 43 per cent higher
than the UK. This variation in performance could provide important in-
formation about the nature of growth, innovation, enterprise and related
activity across the sectors of the economy, with potentially significant im-
plications for policy.



Table 1: TOTAL FACTOR PRODUCTIVITY BENCHMARKS, 1999

Relative TFP (UK=100)
USA France Germany
Total Economy 115.0 105.6 103.3
Market Sectors 1294  103.9 108.8
Transport and Communication | 94.3 88.9 72.1
Manufacturing 1434 1104 120.5
Financial and Business services | 124.1 ~ 98.7 122.2

NOTES: Data source: NIESR

2 Productivity Growth in Theory

What does the literature on economic growth have to say about the deter-
minants of productivity performance?? Early post-war models developed
a ‘neo-classical” framework in which output (national income, or GDP) is
produced by a function of inputs (in a simple case, labour and capital).?
Taken in isolation, however, these inputs do not provide a complete expla-
nation for economic growth. The amount of labour in the economy is af-
fected primarily by the population growth rate, and the amount of capital
by the aggregate savings rate, but once the effects of changes in each input
are transmitted to output, there is no further growth in the economy. Thus
a key result of the neo-classical model is that government policy affects the
long run level of GDP, but not its long run growth rate.

Rather, an exogenous factor called technological progress (in a very
broad sense), is the source of growth in the long run. It affects the efficiency
with which capital and labour inputs enter into the economy’s production
function, and from a growth accounting perspective, represents the growth
in output that is not captured by growth in inputs. As a consequence of
its exogeneity, technical progress itself is not explained by the neo-classical
model: in the words of one critic, it falls from the sky ‘like manna from
heaven.’

This implies that any empirical work based on such a model would
be able to identify technical progress only as a ‘residual’; in reality, this
residual could capture a great number of issues besides technology, includ-
ing measurement error, specification mistakes relating to the variables in-
cluded, and further errors resulting from the omission of other relevant
factors. For these reasons, amongst others, the residual has been termed
the measure of our “ignorance.’

2A review of this issue is provided by Freeman (2000). Romer (2001, Chapters 1 and 3)
offers a compact review of developments in growth theory, whilst Barro and Sala-i Martin
(1995) and Aghion and Howitt (1998) concentrate on the foundations of recent economic
growth models.

3See, for example, Solow (1956).



Box 2: THE FIVE DRIVERS OF PRODUCTIVITY: A SUMMARY

First discussed in HM Treasury (2000), the Five Driver framework un-
derlies the Government’s approach to microeconomic reform of the
economy. The drivers offer a useful presentational framework to analyse
the most important determinants of long-run productivity performance.

¢ Investment in physical capital, which affects productivity directly,
as workers have more equipment to use in production; and indi-
rectly, since new capital may be necessary to implement new in-
novations.

e Skills levels of the working population are important, as a flexible
and active labour market requires a skilled workforce capable of
adapting to new production techniques, etc.

¢ Innovation, principally as a result of research and development
spending, generates new ideas, thereby adding to the overall “stock
of knowledge.’

e Competition, which is driven by market structure, can affect firms’
behaviour by changing their incentives to engage in a particular
activity (such as innovation), or by influencing their organisational
structure.

o Enterprise, which relates to the attitudes and capabilities of man-
agers, amongst other things; this could be relevant to the imple-
mentation of new innovations.

The drivers are interdependent, since contribution of each depends upon
the support of the others (for example, a skilled and flexible workforce
is essential to new discoveries found through innovation), but this de-
lineation offers a useful structure to identify areas of policy intervention,
and evaluate its effectiveness.

The response of growth theorists was to develop models that could ac-
count for technological progress itself: long run growth was ‘endogenised’,
in that it could be explained by internal, rather than extraneous, factors.
From the literature emerged a range of factors that could raise long run
productivity performance: from ‘learning by doing’, productivity improve-
ments gained from production experience (Arrow (1962)); improvements
in ‘human capital” (i.e. skills) raising long run growth rates (Lucas (1988));
a specific R&D sector increasing the variety of intermediate inputs in the
production process (Romer (1990)); to R&D improving the quality of inter-



mediate inputs (Aghion and Howitt (1992, 1998, 2005)).*

These recent contributions are among those dispensing with the con-
ventional assumption of perfectly competitive markets, to permit the exis-
tence of imperfect competition. This offers an attractive solution to the prob-
lematic inconsistency of innovating firms reaping the rewards of research
spending, when factor inputs are assumed to be paid their marginal prod-
uct, as is the case within a perfectly competitive framework.

Whenever idea-producing activities such as research and development
generate spillover effects (affecting not just the party engaged in research,
but other external firms), returns to scale tend to be increasing, if the stock
of knowledge (the supply of ideas) is included as a factor of production.
However, perfect competition would imply that old ideas should be com-
pensated according to their marginal production cost, which is zero — the-
reby undermining the incentives for firms to spend money on research at
the outset (Barro and Sala-i Martin 1995).

By allowing firms engaged in R&D to protect their discoveries with
patents, for example, the imperfect competition framework allows appro-
priate incentive structures to be constructed, in which research takes place,
and where government policies can affect incentives in such a way as to
yield an optimal level of R&D activity (Aghion and Howitt 1998).

In summary, the sources of growth in theory are numerous. Whilst de-
velopments in post-neoclassical endogenous growth theory have offered
more convincing explanations for long run growth than their earlier coun-
terparts, they have failed to deliver the firm policy conclusions heralded
by some. As a result, it falls to empirical data to disentangle the sources of
recent productivity performance.

3 The Empirical Literature

Many empirical studies are based on specific theoretical models, with the
effect that most examine the effect of one factor (e.g. innovation) in isola-
tion from another (e.g. competition). Accordingly, the following sections
introduce the empirical evidence relating to each of the Five Drivers of pro-
ductivity, since this offers a logical structure to consider the findings.

3.1 Physical Investment

Can physical investment raise productivity growth rates? Neoclassical mo-
dels would suggest not, whether through labour productivity of TFP gro-
wth. As a straightforward input into the production function, physical cap-
ital can only affect the level of output rather than its long-run growth rate;
further, TFP is calculated by adjusting output growth for changes in inputs,

*A review of the recent growth literature is provided by Temple (1999).



so physical capital would not be a source of its growth in any conventional
sense.

However, dismissing physical capital as unimportant on this basis is
unwise since it clearly occupies a central function in production: without
an adequate capital stock, there could be no productivity growth in any
case. Two further points support this view. First, available data on capital
stocks makes little or no correction for improvements in the quality of in-
vestment over time (that is, its productivity-level enhancing effects). Thus
if the productivity of capital increases in time, and this is not captured
by available data, then the true contribution of capital to output growth
could be understated, with the effect of TFP correspondingly overstated.
Since empirical studies such as Mankiw, Romer and Weil (1992) suggest
that capital accounts® for one-third of the level of output per head before
any corrections are made, this suggests a significant and important role for
capital in production. Secondly, capital investment may be important in en-
dogenous growth models, where it could be a complement to innovations,
whose implementation might require an upgraded capital stock.

A contrasting view to the Mankiw, Romer and Weil estimates of the
contribution of capital to output has been suggested by De Long and Sum-
mers (see Temple (1998) for a summary). Their argument revolves around
the hypothesis that investment in equipment has had a significant positive
effect on growth, through the presence of strong externalities which raise
TFP growth. There is some evidence to suggest that the social return to
equipment investment is high (see Temple), but difficulties remain in the
interpretation of this evidence.

Therefore, rather than asking whether investment can raise productiv-
ity performance in a direct way, a more prescient question to ask is whether
UK firms under- or over-invest relative to a notional ‘optimal” investment
rate. The direct relevance of this issue to productivity was stated in Sec-
tion 1, which identified differences in capital intensity as a partial explana-
tion for the productivity gap. Unfortunately, the question is very hard to
answer directly, since this would require knowledge of the efficient bench-
mark level of investment which, as Bond (2000) observes, is ‘difficult to pin
down.” Of interest, therefore, is whether UK firms face investment con-
straints imposed by the financial system, or other elements of the economy.

Although there are some indications that finance constraints have re-
stricted investment in UK firms in recent times, the supporting evidence
is not overwhelming. Bond and Meghir (1994) find that the sensitivity of
investment to cash flow (which could reflect the presence of finance restric-
tions) is more concentrated in those firms in their sample paying low divi-
dends, pointing to relatively severe constraints. Results presented by Bond,
Elston, Mairesse and Mulkay (2003) suggest that the availability of internal

°In a purely growth accounting sense, rather than through a direct causal mechanism.



funds was more of a constraint for UK firms than other European firms
over the period 1978 to 1989, which could suggest that capital markets, as a
source of external funding, were less effective in the UK in providing funds
for profitable investment opportunities. However, as the authors note (p.
162), ‘[these] results are doubtless consistent with other interpretations.” As
Bond and van Reenen (2003) and Bond, Klemm, Newton-Smith, Syed and
Vlieghe (2004) observe, tests for financing constraints could also be detect-
ing other sources of mis-specification in underlying theoretical models of
investment, providing support to the view that the case for capital market
imperfections as a constraint on UK investment is by no means certain.

3.2 Skills

How important are skills in determining productivity performance? Early
neoclassical models of growth were silent on this question, since they did
not take explicit account of improvements in the quality of labour inputs
(implying that, like the case of capital stocks above, unadjusted TFP fig-
ures would overstate the contribution of technological progress to growth).
However, recent models have provided the empirical literature with more
promising avenues.

On one hand, the case studies supporting Arrow (1962)-style learning
by doing models suggests that where workers perform the same tasks fre-
quently, the skills they acquire by doing so raise their productivity levels
significantly. The scope for these kinds of skills having an effect on long-
run productivity growth, though, seems limited; and since the skills may
be technology- and capital-specific, the advantage they bring could be lost
whenever innovation or investment altered the production process.

This would suggest that the kind of skills that might be of interest from
a policy perspective would be those of a more general (and transferable)
nature, captured by levels of educational attainment in the workforce. This
approach is taken by Mankiw et al. (1992), who use evidence on the pro-
portion of the working-age population in secondary schooling to build a
measure of human capital’, which is then treated as an input in the same
way as (say) physical capital. This approach goes some way towards cap-
turing the effect of a better-skilled workforce, and the evidence suggests
that the elasticity of output with respect to skills is one-third, equal to that
of physical capital.

Whether education can raise the level or growth rate of productivity is
unclear. Within the model of Mankiw et al. (1992), the human capital stock
exerts only a level effect on output per worker, which contrasts with the
framework in Lucas (1988), where educational choice is modelled explic-
itly with reference to the returns to schooling, and skills can have a growth
effect. The empirical literature approaches these issues from many an-
gles, with a cross-country perspective in Barro and Sala-i Martin (1995)



analysing the effect of schooling alongside a number of other factors, and a
microeconomic perspective in Card (2001), inter alia, exploring the returns
to education.

The empirical literature on education and productivity is reviewed in
an extensive survey by Sianesi and van Reenen (2003), who observe that
whilst there is no consensus about the type of effect, it is clear that education
does have a significant effect of some kind.

3.3 Innovation

What is the effect of innovation on productivity? In seeking to answer this
question, the empirical literature has studied the effect of a range of inno-
vation measures on labour productivity and TFP, concentrating broadly on
four key issues: what is the elasticity of output to innovation; what is the
social rate of return to research and development; what are the spillover
effects of research and development; and what is the role of technology
transfer, as opposed to primary innovation, in closing a productivity gap.

Studies trying to capture the sensitivity of productivity to innovation
have typically focussed on research and development spending, estimating
the elasticity of a measure of productivity to the level of R&D spending.®

Griliches (1980b) is a good example from the literature, where the con-
sensus is that there is a positive and significant link between R&D capital
and productivity. Griliches’s elasticity estimate of output with respect to
R&D of 0.07 - suggesting an increase in R&D of 1% would raise the level
of output by 0.07% — is in line with the range of early estimates in the liter-
ature, which vary from 0.05% to 0.1%. More recently, Cameron (2003) and
Coe and Helpman (1995), amongst others, have found the elasticity to be
somewhat higher, at around 0.2-0.3.7

An alternative to output elasticities is the social (gross) rate of return
to knowledge. This is typically estimated using the growth in output or
TFP, regressed against a measure of R&D intensity (such as the ratio of
R&D expenditure to value added). As Jones and Williams (1998) discuss,
this approach typically yields a lower bound to the social rate of return to
R&D; Cameron (1998) reports that the consensus in the literature suggests
a social gross rate of 20% to 50%.

Further, as Griliches (1986) observes, while overall and basic R&D con-
tribute to productivity growth, the latter has a higher return. Cameron
(1998) also reports differences in returns to process and product R&D, with
the former typically yielding higher returns, whilst those in R&D intensive
sectors generally appear higher than the average.

®See Cameron (1998) and Mairesse and Sassenou (1991) for surveys.

“Klette and Griliches (1996) discuss potential sources of downward bias when estimating
elasticities using a production function approach; this bias is one possible explanation for
the lower estimates in earlier studies.
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From a discussion of social rates of return, it is natural to move onto
the existence of spillover effects of R&D. External effects of R&D can take
place through four mechanisms:® on the positive front, surplus appropri-
ability (where innovators cannot appropriate the total social benefit of the
good they create); standing on shoulders (where existing knowledge con-
tributes to the capacity to innovate); and on the negative front, stepping on
toes (new discoveries create negative duplication externalities, arising for
example out of patent races); and creative destruction (where a new good
supersedes an existing one, rendering it valueless).

These are important because they determine whether too little — or too
much — R&D is actually taking place, relative to a socially optimal level.
The search for spillovers in the literature has been extensive, although es-
timates of their extent and nature vary across studies. Nevertheless, as
Griliches comments:

“In spite of [many] difficulties, there has been a significant num-
ber of reasonably well done studies all pointing in the same di-
rection: R&D spillovers are present, their magnitude may be
quite large, and social rates of return remain significantly above
their private rates.”

GRILICHES (1992, p. 543)

Accounting for spillovers is possible via a number of channels. One implicit
method relies on the differences between varying levels of data aggrega-
tion: in the absence of a specific variable to capture externalities (such as
other firms’ R&D spending), differences between the rate of return to R&D
for firm-level and industry-wide studies could reflect spillover effects be-
tween firms in an industry.” This approach is explored by Griliches (1988),
who finds little convincing evidence in support of this hypothesis, a result
mirrored in the literature (see Cameron (1998)).

Direct measurement of spillovers is examined by Coe and Helpman
(1995) and Bernstein and Mohen (1998), amongst others, who extend the
method of estimating elasticities discussed above, to include the effect of
foreign R&D capital stocks for a sample of countries. The results presented
in Coe and Helpman (1995) point to the existence of significant links be-
tween an economy’s TFP and not only its domestic R&D capital stock, but
also those of its trading partners. Further, this effect appears to be stronger,
the more open an economy is to international trade.

This trade dimension opens a major avenue of the innovation and pro-
ductivity empirical literature. An economy’s productivity performance is

8See Cameron (1998), or Jones and Williams (2000).
?Similarly, differences between industry- and country-wide studies could be driven by
cross-industry spillovers.
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determined not only by its research and development effort, but also by the
extent to which it falls behind the global productivity leader. As Bernard
and Jones (19964, 1996b) discuss, TFP for a ‘follower” country is affected by
the size of the TFP gap with the leader, and the speed of catch-up.

Distinguishing between convergence and direct innovation as twin so-
urces of productivity growth makes it possible to disentangle the effects of
a number of factors. Cameron (forthcoming) and Cameron, Proudman and
Redding (1998, 2005) adopt a flexible structure to examine the mechanisms
by which TFP followers catch up with the leader. Using a panel of UK
manufacturing sectors, the latter study finds a significant role for interna-
tional trade in facilitating productivity catch-up (with the US), while R&D
expenditure has a direct effect on productivity growth (with a social rate of
return of just under 50%). Using this framework, van Reenen, Griffith and
Redding (2004) explore the same issues across a panel of OECD countries,
finding similar results, and in addition, a role for human capital in aiding
both catch-up and productivity growth directly.

3.4 Competition and Market Structure

Does market structure affect productivity performance? Conventional eco-
nomic models suggest that greater competition can deliver static gains, in
the form of higher consumer surplus. However in addition to this, compe-
tition can have dynamic effects on an economy, through incentives for in-
novation, organisational behaviour and investment, and so an assessment
of the long-term impact is essential.

In this context, the empirical literature comprises two strands: one at-
tempts to estimate a direct effect of competition and entry on TFP, and the
other examines an indirect effect through the impact of competition on in-
novation.

As Nickell (1996) observes, there is some theoretical basis for believing
that greater competition should raise firm productivity, but ‘the basis is not,
as yet, a strong one.” (Nickell 1996, p. 728). Nevertheless, there are some
suggestions supporting the hypothesis that competition is beneficial. Nick-
ell points to three examples of prima facie evidence: first, the fact that liberal
Western European economies have enjoyed substantially better productiv-
ity growth than their dirigiste Eastern European counterparts; secondly, the
fact that Japanese industries subject to the greatest domestic competition
were also those with the most successful industrial performance; and fi-
nally the observation that in general, deregulation is fuelled by significant
productivity gains.

More concretely, evidence based on a panel of UK manufacturing firms
during the 1970s and early 80s suggests that there is a ‘robust and substan-
tial effect of ...competition on productivity growth’ (Nickell 1996, p. 739,
emphasis in original). Another study (Nickell, Nicolitsas and Dryden 1997)

12



examines the role of three factors in determining a firm’s productivity per-
formance: product market competition, financial market pressure (related
to high debt servicing costs and risk of bankruptcy) and shareholder con-
trol. Looking specifically at total factor productivity, the authors find that
all three have an impact. Competition is found to be positively related to
TFP growth,!? whilst interest payments normalised on cash flow are pos-
itively related to future productivity growth, and firms with a dominant
external shareholder (from the financial sector) have higher productivity
growth rates. A significant feature of these results is that the last two ele-
ments can act as partial substitutes for competition, implying that the pres-
ence of either might attenuate the impact of increased competition on a
firm.

Firm entry can reflect competition in a market; this avenue is explored
by Aghion, Blundell, Griffith, Howitt and Prantl (20044, 2004b), using the
policy reforms of the Thatcher Government in the 1980s as a trigger for
the entry of more foreign firms into UK markets. Three mechanisms link
entry and productivity performance: the ‘batting average” effect, in which
technologically more advanced entrants have higher productivity growth,
leading to a reallocation of inputs from lower productivity firms; the imita-
tion effect, where incumbent firms improve organisation and reduce slack,
imitating new entrants’ practice; and finally the ‘innovate to escape’ effect,
where incumbents raise innovative effort in response to the threat of entry,
in order to escape having to compete. In all three cases, entry, or the threat
of it, is predicted to raise productivity growth.

Using a panel of UK manufacturing firms covering 1987 to 1993, the
authors find evidence in support of their two main theoretical predictions
regarding productivity. First, the threat of entry by foreign firms (which are
assumed to be close to the technological frontier) is found to have a positive
and significant effect on TFP growth in domestic incumbent plants.!! Evi-
dence suggests that increasing the entry rate by half a percent (or one stan-
dard deviation) raises average TFP growth in domestic incumbent firms by
one and a half percentage points.

Secondly, for industries closer to the technological frontier, the effect of
tirm entry on TFP growth is much stronger than for plants further away.
This is consistent with the model of innovation developed by Aghion and
others,'? in which firms close to the technology frontier have an incentive to
innovate so as to escape competition with new entrants. Firms far behind
the frontier, however, have little incentive to innovate, since even by doing
so, they would not progress sufficiently to compete successfully with new

10 Average rents normalised on value added is used as an inverse measure of competition,
and a negative relation between this and TFP growth is estimated.

"Lagged actual firm entry is used as the measure of entry threat.

12Gee Aghion, Harris and Vickers (1997), Aghion, Harris, Howitt and Vickers (2001), Ace-
moglu, Aghion and Zilibotti (2003) and Aghion and Howitt (2005).
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firms.

An inverted-U relationship between competition and innovation is also
found in empirical evidence examined by Aghion, Bloom, Blundell, Grif-
tith and Howitt (2005), relating to data on UK industries covering 1973 to
1994. This result is based on the same model of innovation and entry dis-
cussed above, which represents the ‘state of the art” of empirical studies
into competition and innovation. Thus the positive link between the two
that was found by Geroski (1990), Blundell, Griffith and van Reenen (1995)
and Blundell, Griffith and van Reenen (1999), inter alia, and the negative
link found by Greenhalgh and Rogers (2005), has been supplemented by
recent evidence pointing to a more subtle relationship that depends on the
relative technological position of each domestic industry.

Stemming from this, an important question to ask is how far the inv-
erted-U style of analysis applies to UK firms. It is not difficult to imagine
that within the country, some industries are closer to the global technology
frontier in their sector than others. In this case, it would seem appropri-
ate for different competition policies to apply to different industries, based
on an assessment of the position of each relative to the frontier. However,
a major challenge in this regard is identifying which sectors would benefit
from strengthened competition, and which would not: this in itself is not
straightforward, but would nevertheless be essential if the empirical litera-
ture were to lead to any firm policy conclusions. OECD (2005), for example,
observes that whilst differences in the industrial mix of firms, and the asso-
ciated patterns of R&D spending, can explain some of the productivity gap
between the UK and leading EU states, it does not explain the UK’s gap
with the US. Thus it is not inconceivable that comparisons of market struc-
ture, and the distance to the technological frontier, depend on the countries
examined, in addition to the industries considered.!?

3.5 Enterprise and Entrepreneurship

The dearth of robust measures of enterprise that capture entrepreneurship,
without being affected by other factors, has hindered empirical studies into
its direct effect on productivity. In one sense, this stems from the lack of a
clear definition of ‘enterprise’, which is a relatively abstract concept. The
principal econometric problem is that variables that might be interpreted
as measuring entrepreneurship — such as the number of firms entering a
market — are also measures of other factors (in this case, of market competi-

13A further section of the literature on industrial organisation, that discusses the endo-
geneity of sunk costs (see, for example, Sutton (1991)), suggests that the evolution of fixed
costs, and through this, market structure, might be determined by firms’ investment be-
haviour directly, rather than by exogenous factors. In this light, the relationship between
market structure and innovation, investment and productivity growth becomes even less
clear.
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tion), and distinguishing between the impact of enterprise specifically and
other factors is extremely difficult.

Compounding this problem is the absence of unambiguous measures of
enterprise. HM Treasury (2004) proposes a range of indicators of each of the
Five Drivers, but several enterprise variables raise problems. For example,
it is by no means obvious what relationship exists between productivity
and the “fear of failure preventing people from starting a business.” On one
hand, potential investors imposing high “psychological hurdle rates” could
be depressing the amount of investment and number of business start-ups
below their efficient levels; however, it could also be the case that the fear of
failure would ensure that only high-return, high-productivity investments
took place, eliminating the tail of underperforming investments without
affecting profitable opportunities.

However, despite this rather pessimistic outlook, there are causes for
optimism. Entrepreneurs, or individuals who help implement innovations,
are important, in the same way that for example, a skilled workforce may
be essential to implement productivity-enhancing improvements in the cap-
ital stock. This avenue is explored by Michelacci (2003), who finds some
evidence in support of the hypothesis that entrepreneurs defined in this
way are essential to exploit the potential of research and development ex-
penditure.

4 Evaluating the Literature

How can we interpret the empirical evidence? The foregoing discussion
has highlighted the myriads of estimates relating to productivity determi-
nants, presenting the problem of determining which one to follow from a
policy perspective. As might be expected, the problem is more subtle and
complex than simply choosing one particular estimate above all others: the
nature and scope of different studies is such that some variation in esti-
mates is inevitable. The task therefore is to disentangle the sources of this
variation, to distinguish between more and less robust methodologies and
therefore advise on the most relevant range of estimates.

To this end, the discussion below highlights a number of concerns re-
lating to methodology and data reliability, and examines how the literature
can be interpreted.

4.1 Assessing the Estimates

A summary of the studies discussed in Section 3 is presented in Tables 2 to
5, which capture the relevant elements of their empirical work, including
the estimates of important coefficients (such as the social rate of return).
Both the tables and the above discussion highlight the substantial variabil-
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Table 4: R&D elasticities: Selected Earlier Studies

| PAPER | ELASTICITY | PAPER | ELASTICITY |
USA France
Griliches (19800b) 0.06 f Cuneo and Mairesse | 0.22-0.33 f
(1984)
Griliches (1980a) 0.00-0.07 i | Mairesse and Cuneo | 0.09-0.26 f
(1985)
Nadiri (1980) 0.06-0.10 p | Patel and Soete (1988) 0.13 ¢t
Griliches (1986) 0.09-0.11 f | Mairesse and Hall | 0.00-0.17 f
(1996)
Patel and Soete (1988) 0.06 t West Germany
Nadiri and Prucha | 0.24 ¢ Patel and Soete (1988) 021 ¢t
(1990)
Japan United Kingdom
Patel and Soete (1988) 037 t Patel and Soete (1988) 0.07 t
Sassenou (1988) 0.14-0.16 f | G7
Nadiri and Prucha | 0.27 ¢ Coe and Helpman | 0.234 ¢
(1990) (1995)

NOTES: Source: adapted from Cameron (1998). Estimates derived
from data on: f: firm level; i: industry level; p: private economy.

Table 5: Rates of Return to R&D: Selected earlier studies

| PAPER | ELASTICITY | PAPER | ELASTICITY |
USA France
Griliches (19800b) 027 f Hall and Mairesse | 0.22-0.34 f
(1995)
Griliches (1980a) 0.00-0.42 i | Griliches and Mairesse | 0.31 f
(1983)
Griliches and Mairesse | 0.19 f Japan
(1983)
Griliches (1986) 0.33-0.39 f | Griliches and Mairesse | 0.20-0.56 f
(1986)
Jaffe (1986) 025 f UK
Nadiri and Prucha | 0.24 ¢ O’Mahony (1992) 0.08 1
(1990)

NOTES: as Table 4
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Box 3: INTERPRETING THE LITERATURE

From the discussion in Sections 3 and 4, and the data in Tables 2 to 5, it
is clear that the literature can only be of assistance in suggesting a likely
range for a particular estimate, rather than a single point estimate. This
is partly due to the fact that variation in the methodology, data coverage
and scope of studies inevitably leads to differences for even the same
variable across each. Further, since empirical studies only look at a lim-
ited snapshot of a particular country, or sector, it is not hard to imagine
that the true figure for a variable (such as the rate of return to R&D)
might differ from an estimate.

In light of these observations, what pragmatic response can the litera-
ture offer? First, from the point of view of a policy-maker, certain frame-
works might be more useful than others; as Hall and Mairesse (1995)
comment, “...there is more than one measure of the elasticity of output
with respect to R&D capital: which one is preferred depends on the pur-
pose to which it to be put.” Thus as Section 4 observes, where elasticities
and rates of return are estimated in the literature, the scope for justified
intervention might be more obvious when looking at the latter, to see
whether the social rate of return to a particular activity (such as educa-
tion) exceeds the private rate.

ity that can exist in the estimated coefficient for a particular variable (such
as the elasticity of R&D capital) across studies. in many cases, this reflects
differences in the time period covered, the countries considered and the
scope of industries assessed. To this extent, it may not be possible to con-
clude that one estimate is particularly more robust than another, especially
when studies share a common methodology. Thus for example, van Reenen
et al. (2004) uses the conceptual framework and estimation technique devel-
oped by Cameron et al. (2005), suggesting that each study’s estimate of the
social return to R&D (43% and 49% respectively) is legitimate. In this con-
text, therefore, the most pragmatic response is to advise on a robust range
for a particular estimate, as reported in Box 3.

Notwithstanding these issues, though, some observations can be made
about the robustness of different techniques, and the relevance of various
approaches to policy-making. In this regard, the most important point for
discussion is the distinction in the literature on R&D and innovation, be-
tween elasticities and gross social rates of return.

From a methodological standpoint, elasticity estimates require the con-
struction of a R&D capital stock, which enters either directly into a firm’s
production function (see Hall and Mairesse (1995)), or into an expression
for TFP (see Cameron (2003)). This could be problematic, since only flows
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into the capital stock are measurable, necessitating an estimate of a bench-
mark value of the stock at a particular time. Of particular concern is the fact
that little account can be taken for differences in the quality of R&D capital
over time (see Griliches (1979)). Further, in parallel to the physical capi-
tal literature, the R&D capital stock is subject to a rate of depreciation over
time. No definitive justification for depreciation in the stock of knowledge or
ideas exists, although it could be seen within an endogenous growth frame-
work, where the discovery of new ideas by others might reduce the value
of a firm’s own ideas. In any case, it is not clear why such a depreciation
rate would remain constant over time, firms or industries. In addition to
these concerns, there is no reason to presume that the problems surround-
ing the measurement of physical capital stocks (see Bigrn, Lindquist and
Skjerpen (1999)) are not also relevant to measuring knowledge capital.

In contrast, measuring the rate of return to R&D requires only the re-
search and development spending for a particular year, which represents
only the latest increment to a national “‘R&D capital stock’, thereby dispens-
ing with the need to calculate the value of the stock. How can we interpret
the rate of return figures? Some authors (see, e.g. Hall and Mairesse (1995))
believe that timing problems and depreciation render estimates of the R&D
return unreliable. In the first case, however, it is not clear why the timing
of R&D expenditure — capturing how long it takes for new ideas to have an
effect on productivity — is any more uncertain than that of the overall cap-
ital stock, which affects elasticity estimates. Nor is it obvious why the as-
sumption of no depreciation in the capital stock should fatally undermine
estimates of the overall return, when no theoretical, empirical or intuitive
reasoning has been presented for any particular rate of depreciation.

What bearing does this have on advising which estimate is the most ro-
bust? Several considerations are relevant here. First, from the perspective
of identifying areas in which intervention might be justified, a rate of re-
turn will be of much greater use then an elasticity. In particular, the degree
to which the private and social rates of return to a particular driver differ,
is critical. If the returns to tertiary education, say, were captured more or
less entirely by the individual, then there would be little case for govern-
ment subsidies in that sector (ignoring, of course, other possible motiva-
tions for subsidies). The general picture in the literature appears to be one
in which the biggest divergence between private and social returns exists in
innovation, where high gross social rates of return have been consistently
estimated.

Spillovers might present further problems for interpretation, since it
might not be possible to generalise the results of one study and apply them
to a different context. Thus for example, the presence of spillovers between
countries in R&D spending, for example, need not point to the existence of
the same effects between individual firms within a sector of the economy.
This would suggest that policy intervention on a sectoral level, for instance,
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would need to use sector-specific evidence, rather than aggregate results.

A related point underlines the light that the empirical evidence can shed
on interpreting the Five Drivers framework. Whilst the Drivers play an
important part in the growth process, they do so in differing ways. Thus the
evidence suggests that physical capital affects the level of output per hour,
but not its growth rate; in contrast, the literature on the effect of education
and skills, though inconclusive, does not deny the possibility that it can
raise the long run growth rate of productivity.!* In any case, the practical
distinction between a ‘level effect’ which takes several years to occur, and a
‘growth effect” over the same period, could well be so slight as to make little
difference;’® however, the point still remains that the literature should be
interpreted within the context that the Five Drivers can operate in different
ways.

As an example of the interdependence of the Drivers, it is interesting to
consider the effect of innovation in the service sector. Although the scope
for research and development might be low in some service sectors, it is
possible that various other innovative activities might interact with other
drivers, besides innovation. Thus if ICT leads to changes in working prac-
tices in ICT-using sectors (such as retail and financial services), then this
could raise labour productivity, and in this context, differences in labour
market regulations across countries could be important. This is particu-
larly relevant to the the recent productivity performance of the EU, which
Inklaar, O'Mahony, Robinson and Timmer (2003) find has been poor for
ICT-using service sectors relative to the US, since 1995. As Gust and Mar-
quez (2004) argue, it is quite plausible that the extent of labour market reg-
ulation in Western Europe significantly slows the speed of adoption of new
technologies and new ways of doing business. Whilst the UK experience
does not necessarily mirror exactly that of the EU, the potential remains for
the Drivers to affect each other.

4.2 Remaining Issues in the Literature

How effectively does the empirical literature continue the search for pro-
ductivity sources, where theory left off? In the opinion of some authors,
progress has not fulfilled its potential:

Endogenous growth theory has sketched the bare bones of an
aggregate model of technological change. Firm-level studies of

“4Cameron (2003) found evidence of a significant effect of the level of R&D on the level
of UK manufacturing TFP, but not its growth rate; this implies that a permanent increase in
R&D spending would only generate short run growth.

1> As Temple (1999) observes, ‘it is always worth remembering that “the long run growth
rate” is a theoretical abstraction, never observable in practice. Debates about whether or not
policy affects it will distract us from more questions that are ultimately of more practical
importance.” (p.141).
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R&D, productivity, patenting, and firm growth could add flesh
to these bones. So far they have not.

KLETTE AND KORTUM (2002, p. 2)

However, in reality the problems facing empirical estimation appear more
subtle than the quotation suggests. Section 2 observed that far from con-
structing a single framework to analyse technological change, theory has
presented a vast array of competing models, each placing a different em-
phasis on the various sources of growth. In truth, there are so many alter-
native models that the answer to the search for the various sources of pro-
ductivity growth will inevitably need to come from evidence, rather than
theory.

The empirical search for productivity determinants concentrates pri-
marily on labour productivity, and total factor productivity,'® and several
data-related observations can be made in relation to this. First, the quality
of data is not consistently uniform across countries or sectors. As O’Mah-
ony (1999) discusses, measuring productivity in the service sector is par-
ticularly difficult, due to the absence of a tangible output, and appropriate
methods of adjusting for changes in the quality of output. This is somewhat
problematic, since a comprehensive strategy to improve whole-economy
productivity performance would be undermined if the available literature
ignored four-fifths of the economy. This would suggest a need for further
research into service sector productivity explicitly, and its determinants.

Additional problems arise in the interpretation of public sector produc-
tivity data, since an increase in the number of teachers tending to a fixed
number of students (for example) would lower productivity in the edu-
cation sector (if the number of graduating students was used to measure
educational output), whilst potentially bringing significant benefits to the
quality of education received. It is not difficult to imagine further examples
applied to other sectors. In this respect, initiatives such as the Atkinson Re-
view (Atkinson 2005) represent an important step towards implementing
productivity policy across a broader section of the economy:.

Finally, several studies have discussed sources of error in the measure-
ment of TFP. One basic concern affecting both neoclassical and endogenous
growth models is that a TFP index relies on the accurate measurement
of factor inputs, which can be difficult, for example in the case of capital
stocks. Further, double-counting of factors such as labour used in research
and development, could introduce measurement bias (Cameron 2003), as
could errors in estimating price indices (Crafts and Mills 2005).

16Box 1 provides an explanation of each.
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PRODUCTIVITY POLICY AND THE FIVE DRIVERS
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5 Productivity and Policy

How can policy affect long term productivity growth? The figure on page
23 identifies a number of areas in which government policy might influence
the Five Drivers, without creating adverse distortions in the economy.
Essential in achieving this, though, is an acknowledgement that gov-
ernment policy is best directed towards creating a suitable environment in
which the productivity drivers can operate, via the levers identified in the
tigure. Thus for example, as Hassett and Hubbard (1996) and Hall and
van Reenen (1999) discuss, R&D policy is more effectively implemented
through the allocation of credits and subsidies, which operate at the mar-
gin, rather than the kind of direct targets favoured by some policy-makers:
in this regard, the European Commission’s objective of raising research and
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development spending to 3% of GDP appears as an arbitrary goal with rel-
atively little regard to the demand for R&D activity within firms or indus-
tries.

What role should economic policy play in raising productivity growth,
and what are the major challenges? The foregoing discussion has empha-
sised the importance of rates of return to different factors as an important
guide, but even where an opportunity for policy intervention has been
identified, the appropriate set of policies is not obvious. Thus there is no
concrete link between one policy level on one hand, and a productivity
outcome on the other. For example, a drive to encourage firms to engage
in R&D in the UK as opposed to abroad might well increase the amount
of domestic innovation taking place, whilst at the same time reducing the
spillover effects of foreign R&D on the UK.

6 Concluding Comments

The Five Drivers framework comprises one of the two central plank of the
UK Government’s microeconomic policy reforms, along with labour mar-
ket policy. Appealing to a broad range of theory on the sources of eco-
nomic growth in the short-run and long-run, the Drivers represent five key
parts of a central ‘engine” of growth. Two of these, physical investment
and workforce skills, have traditional interpretations within early post-war
models of growth, whilst the remaining three — innovation, competition
and enterprise — have a role within more recent endogenous growth mod-
els.

Whilst the progression from theoretical models to empirical estimates
does entail a range of econometric problems, the evidence on some of the
Drivers is relatively clear. Physical investment, skills and innovation do
have a positive effect on either the level or growth rate of productivity,
although the evidence on the effect of competition remains somewhat in-
conclusive, and data on enterprise is scarce. Interdependencies among the
Drivers pose further problems in the interpretation of the available evi-
dence.

Despite these issues, however, it is possible to draw out a number of
policy-related themes in the literature. First, with regard to identifying the
scope for justified policy intervention, evidence on the rates of return to
different activities, such as investment or innovation, seems to be more
appropriate than other evidence based, for example, on elasticities. Em-
pirical estimates suggest that rates of return to research and development
in some manufacturing industries are particularly high, which, given the
low rates of R&D spending in the same UK sectors, would suggest that
there is some scope for encouraging innovation. Similarly, rates of return
to different levels of education do point towards an opening for policies
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to encourage greater skills within the workforce, although the strength of
evidence in this regard is somewhat weaker. In any case, it is clear that the
most appropriate strategy is to create a climate in which an activity (such
as greater innovation by firms) is encouraged, rather than one in which the
government intervenes directly to engage in the activity itself. Secondly,
the evidence available underlines the importance of the international di-
mension to economic growth, through technology transfer, and spillovers
arising from innovation, amongst other factors.

Finally, it should not be forgotten that knowledge of the channels through
which changes in the Drivers affect growth is at best imprecise, and the em-
pirical literature sheds only a partial light on some of the important issues.
Further, the links from policy to the Drivers themselves are not fixed, and
the interdependent nature of the sources of growth, and its international
dimension, only serve to cloud understanding of the effects of policy. How-
ever, in view of the fact that the Five Drivers framework offers a pragmatic
programme that identifies the principal sources of growth, it provides a
structure to consider the theoretical and empirical literature. Although this
review has not commented on the links between macroeconomic policy
and growth directly, macroeconomic stability must be an integral part of
a climate inducive to economic growth. In this context, it is interesting to
note that EMU members have somewhat less incentive to make progress on
microeconomic reforms when they cannot be sure that the macroeconomic
policy response will help to offset any short run costs to such reforms (Du-
val and Elmeskov 2005).
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