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ABSTRACT

We use ONS micro data for large UK establishments in the production industries
in the period 1997-2008 to study the relationship between their productivity and
the presence of substantial R&D activities, either at the production unit itself, or
at other UK reporting units owned by the same enterprise group. We estimate that
total factor (revenue) productivity is on average about 14% higher at the establish-
ments which have substantial R&D themselves, compared to those with no R&D.
Among the establishments with no R&D themselves, we estimate that productivity
is on average about 9% higher at those which belong to enterprise groups which do
have substantial R&D elsewhere in the UK in the same sub-sector. For the estab-
lishments with substantial R&D themselves, we also estimate a significant positive
relationship between current productivity and past R&D expenditure using dynamic
specifications which allow for both establishment-specific ‘fixed effects’ and a serially
correlated error component.
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1. Introduction

This paper uses micro data from the UK Office for National Statistics’ (ONS) main
surveys of research and development (R&D) and production activities to study the
relationship between R&D spending and (revenue) productivity among large UK es-
tablishments in the production industries in the period 1997-2008. We focus on pro-
duction units which are large enough to be surveyed each year in the Annual Business
Inquiry,! and which have either no R&D activity or which have R&D activities that are
substantial enough to be reported annually and in detail in the Business Expenditure

on Research and Development (BERD) survey. We also use ownership information
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to link production units to substantial R&D activities that are conducted elsewhere
in the UK within the same enterprise group. Our focus on larger production units
which are surveyed annually allows dynamic models of production to be considered,
thereby controlling for persistent unobserved influences on productivity which may be
correlated with R&D spending. Our focus on substantial R&D operations allows R&D
personnel and purchases to be excluded from the measures of labour and material in-
puts used in our analysis of productivity, and allows the sectoral composition of the
enterprise group’s UK R&D activity to be taken into account.

Our main findings can be summarised briefly. There is a strong association between
the presence of substantial R&D activity and higher productivity, with (measured)
total factor (revenue) productivity being about 14% higher on average in the produc-
tion units that conduct significant R&D. This association remains after controlling
for differences in size, age, ownership (domestic/foreign) and sub-sector of production
activity. Within the sub-sample of production units which have substantial R&D activ-
ities, the evidence of a positive association between higher R&D spending and higher
productivity is less strong. For a given production unit, however, we do find evidence
that an increase in R&D spending tends to be followed by an increase in productivity;
this suggests that the cross-sectional association may not be driven entirely by un-
observed heterogeneity or establishment-specific ‘fixed effects’. We also find that the
presence of substantial R&D activity elsewhere in the UK within the same enterprise
group is associated with higher productivity when that R&D is classed as being within
the same sub-sector as the production unit, but not when the R&D elsewhere relates
to a different sub-sector of production activity.

Earlier papers which have used these UK ONS micro datasets to study the rela-
tionship between R&D and productivity include Rogers (2006), Harris and Li (2009),
Sena and Higon (2014) and Harris and Moffat (2015). Our paper differs in its focus on
the behaviour of larger establishments and in its consideration of R&D conducted by
the same enterprise group but at different locations. Concerning this latter aspect, the
closest precedent that we are aware of is the study by Adams and Jaffe (1996) for the
chemicals sector in the USA.2 We share the goals of the classic contribution by Cre-
pon, Duguet and Mairesse (1998), using micro data on establishments and econometric
methods which account for some sources of simultaneity bias; lacking data from inno-
vation surveys, however, we consider the relationship between R&D and productivity
using a more traditional reduced form approach.

Sections 2 and 3 describe the data and the econometric framework that we use in

our analysis. Section 4 presents our main findings, first considering the relationship



between productivity and substantial R&D activity at the same production unit, and
then extending the analysis to consider substantial R&D activities by other reporting
units that are owned by the same enterprise group. An accompanying online working

paper provides more detail about both our sample and our results.

2. Data

Our sample is obtained from two ONS micro datasets, the Annual Respondents’
Database (ARD) which provides information on production inputs and outputs, and
the BERD survey. These are linked using the Inter-Departmental Business Register
(IDBR), which also allows us to construct, for each production unit, measures of UK
R&D conducted by the same enterprise group but at different locations. We use data
for ONS reporting units (‘establishments’), which is the most disaggregated level at
which data on gross output and all production inputs is available in the ARD.? Mul-
tiple reporting units may be owned by an enterprise, and multiple enterprises may by
owned by an enterprise group. The enterprise group is the most aggregated level to
which reporting units can be matched using the IDBR, and corresponds to the UK

component of corporate groups.4

2.1. Production data

We use annual observations on the production variables during the period 1997-2008,
in which the source for the ARD was the Annual Business Inquiry. During this period,
both the survey questionnaire and the sampling scheme remained constant. Reporting
units with 250 or more employees were surveyed annually in all production industries,
while the sampling probabilities for smaller reporting units depended on the sub-sector
of production activity. We use data on reporting units which provide information on
the production variables for 3 or more consecutive years,> which ensures that most of
the reporting units in our sample are large enough to be surveyed annually. We also
restrict our sample to reporting units in the production industries. Table 1 summarises
the main variables that we use in this paper. Nominal variables are expressed in con-
stant prices using ONS price indices for the most disaggregated sub-sectors available.
Observations with extreme high or low values for the growth rates or the ratios of any
of these production variables are dropped from the sample used for estimation. Bond

and Guceri (2016) provides further details.

[TABLE 1 HERE]



2.2. RE&D data

The BERD survey is an annual census only for reporting units with at least 400
employees or those with substantial R&D activities. A subset of reporting units with
the largest R&D expenditures are asked to provide more detailed information using
a ‘long-form’ questionnaire. The number of long-form recipients increased over our
sample period, from 352 in 1997 to 785 in 2008. These units accounted for around 80%
of total UK BERD, and around 85% of manufacturing sector BERD. The number of
these long-form recipients which also reported production data in the ARD was more
stable over our sample period, fluctuating between 131 in 2003 and 159 in 2001; these
long-form production units accounted for around 30% of total UK BERD. The number
in our estimation sample fluctuated between 87 in 2000 and 114 in 2001.

In addition to total R&D spending, the long-form BERD survey reports data for the
number and total salaries of R&D employees, and total purchases of R&D materials.
We use this information to exclude R&D personnel and R&D purchases from the
measures of employment and material inputs used in our analysis of production, as
suggested by Schankerman (1981), and to exclude R&D employees from the average
wage variable that we use as a measure of labour quality. Since we found that these
‘double-counting’ corrections had an important impact on our results, we omit from
our sample production units which have R&D activities but do not report this more
detailed information (i.e. they appear in the BERD survey but are not long-form
recipients). For the remaining production units which have substantial R&D activities,
we require that they report long-form R&D information for at least 4 consecutive
years.%

R&D expenditure is converted to constant prices using an index which gives equal
weight to the GDP deflator and the average earnings of scientists. For each produc-
tion unit, we construct measures of UK R&D conducted by other members of the
same enterprise group by summing over all reporting units which belong to the same
group and which report long-form R&D information. The sectoral breakdown of R&D
expenditure available for long-form recipients then allows us to restrict this measure
to other UK R&D which relates to the same sub-sector as the production unit’s own

production.”

2.3. Sample

Our resulting sample contains 14,242 annual observations on 2,895 distinct establish-

ments which are observed for 3 or more consecutive years between 1998 and 2008. Of



these 14,242 observations, 603 were on production units which themselves reported
detailed information on substantial R&D activities in the previous year, and 3,631
were on production units which belonged to enterprise groups in which at least one
member reported detailed information on substantial R&D activities in the previous
year.

The median age of the establishments in our sample is 23 years, with the lower
quartile and upper quartile of the age distribution being 14 and 29 years respectively.
41.5% of our observations have more than 250 employees, and 8.6% have more than
1000 employees. 22.5% of the establishments are foreign-owned. Table 2 reports the
sectoral distribution of our full sample of 14,242 observations on production units
(93.3% of which are within the manufacturing sector) and our sub-sample of 603
observations on long-form BERD recipients (almost all of which are in manufacturing).
Table 3 reports some basic descriptive statistics for the variables that are used in our
empirical analysis. The production establishments with substantial R&D activities
tend to be much larger than those with no R&D activity; they account for less than
5% of our total number of observations, but almost one quarter of the total value
added produced by the establishments in our sample. They also tend to employ more
skilled workers than the non-R&D establishments, as suggested by average annual real

wages that are about 50 percent higher at either the mean or the median.
[TABLE 2 HERE]

[TABLE 3 HERE]

3. Empirical framework

Our starting point is a 3 factor Cobb-Douglas production function which can be written

in log-linear form as

Vit = Brlis + Brkit—1 + Bumi + ai (1)

in which Yj; is a measure of the value of gross output for reporting unit ¢ in year t,
L;; is a measure of the number of employees during year ¢, K;;_1 is a measure of the
capital stock at the end of year ¢t — 1, M;; is a measure of total purchases of materials
during year ¢, and corresponding lower case notation denotes the natural logarithms of
these variables. The residual term (a;;) then denotes the log of total factor (revenue)
productivity, or the variation in the value of gross production which is not accounted

for by the measured variation in these observed inputs (given the imposed functional



form).

We allow the log of total factor (revenue) productivity to depend on measures of
previous R&D activity. In the empirical analysis reported below we consider various
functional forms for this relationship. Letting 7; ;—1 denote the log of R&D expenditure

in year t — 1, one simple example would be a linear relationship as in
ait = BRTit—1 + €it (2)
which gives the augmented production function

Yit = Brlit + Brkir—1 + Bumis + Brrig—1 + et (3)

We also include the log of the average wage (W;;) paid to employees of reporting unit
i during year ¢, which controls for variation in labour quality and/or hours worked,

giving the extended specification
Vit = Brlit + Brkit—1 + Byumis + Brrii—1 + Bwwir + wig. 4)

The restriction Sy = Br would imply that variation in labour quality/hours is fully
reflected in the cost of labour, in which case the appropriate measure of labour input
would be the wage bill rather than the number of employees; we investigate but do
not impose this restriction.

Our empirical specifications all include a full set of year dummies and a full set
of sector dummies, at approximately the two digit SIC level.® In some specifications,
the R&D variable is a binary dummy which indicates whether the reporting unit had
either substantial R&D expenditure or no R&D expenditure in year ¢t — 1. In other
specifications, we use the level of R&D spending in year ¢ — 1. Since the level of R&D
spending is zero for the majority of the reporting units in our sample, this precludes the
use of the standard logarithmic transformation. Instead we use the inverse hyperbolic

sine transformation, so that our lower case notation denotes®

zip = sinh™! Xj = In(Xy + /X2 +1). (5)

The choice between using natural logarithms or inverse hyperbolic sines made no
noticeable difference to the results for baseline specifications with no R&D variables
or for specifications with R&D dummies.!?

The use of flow data on R&D expenditure also raises a different issue, since it is

unlikely that productivity this year depends only on last year’s R&D spending. A



more plausible interpretation draws on the knowledge stock model of Griliches (1979),
in which productivity this year depends on the stock of knowledge at the end of
the previous year (Gj¢—1), given by cumulated R&D expenditures with the perpetual

inventory formulation

Git1 = Riy1+(1—0)Riy o+ (1—06)>2Rip3+... (6)
= (1-90)Git2+ Rit

in which R;;_1 is R&D spending in year ¢t — 1, and 0 is the rate at which knowledge
acquired through R&D depreciates. Along a steady state path in which both knowledge

and R&D spending are growing at the constant rate g, we have the relation

+ 6
Rit—1 = <511+9> Git—1- (7)

Close to such a steady state path, the log (or inverse hyperbolic sine) of the measured
flow variable provides an approximation to the log (or inverse hyperbolic sine) of the

unobserved stock of knowledge.!!

3.1. Some econometric issues

There are numerous reasons why ordinary least squares (OLS) estimates of production
function models like equation (4) above may be inconsistent. With panel data on re-
porting units, the residual component of (transformed) total factor productivity (u;)
may have time-invariant, persistent and transitory components. Explanatory variables
like the capital stock at the end of last year, and last year’s R&D spending, which
are quasi-fixed in the sense of being determined before the start of year ¢, may never-
theless be correlated with time-invariant or persistent components of w;;. Explanatory
variables like labour and material inputs, which are flexible in the sense that they can
be adjusted during year ¢, may also be correlated with transitory components of wu;.
Intuitively, establishments with higher productivity are likely to be larger, and the
levels of more flexible inputs are likely to be more sensitive to temporary fluctuations
in productivity. Measurement error may be a further source of inconsistency, and this
may also be more important for some of the inputs. The net effect of these differ-
ent sources of simultaneity bias on the behaviour of the OLS estimates is difficult to
characterise.!?

To investigate the reliability of our OLS estimates of the relationship between R&D
and productivity, we also consider generalised method of moments (GMM) estimates

of a dynamic production function specification, following the approach suggested by



Blundell and Bond (2000). We allow the error term (u;:) to have a time-invariant
component (7;, i.e. an establishment-specific ‘fixed effect’) and an autoregressive com-

ponent (vi)

U = 1+ (8)

Vig = Qi1+ Ei.

This formulation allows for both permanent and persistent components of (trans-
formed) total factor productivity, with productivity shocks represented by &;. Quasi-

differencing equation (4) then gives the dynamic specification
Yir = Brliy + Brkis 1 + Bumi + Brri 1+ Bwwiy + i + e (9)

in which zf, = zy — awii—1, v}, = € and i} = 7;(1 — «). Conditional on the value
of the autoregressive parameter «, this is a linear panel data model with explanatory
variables which may be correlated with the time-invariant component of the error term
(n}) and with current or past values of the productivity shocks (e;). The parameters
(BL, Br, Brs Br, Bw) can be estimated consistently using GMM. Assuming that the
e;t are serially uncorrelated, (l;1—2, ki¢—3, mjt—2,7i1—3,W;¢—2) and longer lags of these

variables are valid instruments for the equations in first-differences
Ay = BLAL + 5KAkzt—1 + BrAmy; + 5RA7”:t—1 + Bw Awjy, + Acgy. (10)

Assuming that the first-differenced variables (Al; 11, Ak; o, Amyp—1, A1 49, Aw; 1)
are uncorrelated with the time-invariant unobserved heterogeneity (7;), these lagged
first-differences are also available as instruments for the equations in levels (9). Both
sets of moment conditions can be combined using the ‘system GMM’ estimator devel-
oped by Arellano and Bover (1995) and Blundell and Bond (1998), and implemented
in Stata by Roodman (2009). Standard tests of instrument validity can then be used
to check the maintained assumptions.

The dynamic model (9) can also be written in the form

Vit = o1+ Brliy —aBrlii—1 + Brkit—1 — afrkii—2 + Brmi (11)
—afymii—1 + Brrig—1 — aBRrri—2 + Pwwi — aBwwir—1 + 10 + €t
and can be estimated without imposing the non-linear ‘common factor’ restrictions

which link the coefficients on the current and lagged values of each explanatory variable

to that on the lagged dependent variable.'® Estimates of this unrestricted specification



are useful for assessing the validity of the dynamic structure implied by (8), and for

providing consistent estimates of the persistence parameter .

4. Results
4.1. Static specifications

We begin by presenting OLS estimates of static production function specifications
for our sample of large UK establishments, initially without any R&D variables. The
first column of Table 4 reports the results for a specification with only the basic
employment, capital and material inputs, as in equation (1). The estimated partial
elasticity parameters for each of these inputs is positive and significantly different from
zero. The three parameters sum to 1.016, suggesting that the production technology is
very close to displaying constant returns to scale.'* For comparison, the average shares
of labour costs and material costs in gross output are 0.25 and 0.59 in our sample.

The second column of Table 4 reports the results for an extended specification
which includes the average wage paid to employees as a control for variation in labour
quality and/or hours worked. The estimated coefficient on the average wage is very
close to the estimated coefficient on the number of employees in this and subsequent
specifications.!® This suggests that workers who were 10% more (less) productive than
the average were also paid 10% more (less) than the average in these large UK estab-
lishments during our sample period. Given this, the effective labour input could be
measured more parsimoniously using the log (or inverse hyperbolic sine) of the wage
bill. 16

The remaining columns of Table 4 report the results for augmented specifications
with various measures of R&D activity, as illustrated in equation (4). Column (iii)
includes a binary dummy variable which takes the value one (in year t) for production
units which had substantial R&D activity in the previous year (i.e. they were long-
form recipients in the BERD survey), and zero (in year t) for production units which
had no R&D activity in the previous year (i.e. they were not included in the sampling
framework for the BERD survey). On average, we estimate that total factor (revenue)
productivity was 14.4% higher in the sub-sample of large establishments which them-
selves had substantial R&D activity. This result is not found if we do not correct the
measures of labour and materials at the production units with R&D activity for the
inclusion of R&D personnel and purchases in the standard measures of employment
and material costs.!” This contrast suggests that spending on labour and materials

engaged in R&D on average generated a similar contribution to revenue as spending



the same amount on labour and materials engaged directly in production. This in
turn suggests that the typical allocation of resources between R&D and production
activities may have been broadly efficient, at least within these establishments.

Column (iv) replaces the binary indicator of substantial R&D activity by the in-
verse hyperbolic sine of total R&D expenditure reported by the long-form recipients
in year ¢ — 1. This specification also indicates that total factor (revenue) productivity
is significantly higher in the sub-sample of establishments with significant R&D activ-
ities. For this sub-sample, the mean of the transformed R&D expenditure variable is
9.95, so this specification also suggests that their productivity is about 14% higher on
average compared to the production units with no R&D.

The two specifications considered in columns (iii) and (iv) of Table 4 differ in their
implications for whether higher spending on R&D is associated with higher produc-
tivity, within the sub-sample of establishments which have large R&D operations. Our
sample provides only weak evidence in favour of this association. The specification
reported in column (v) includes both the dummy variable and the continuous mea-
sure of R&D spending. In this case, the hypothesis that the two coefficients on these
R&D variables are both zero can be strongly rejected, but neither of the individual
coefficients is significantly different from zero. Thus we have strong evidence that es-
tablishments with substantial R&D activity tend to have a productivity advantage
over establishments with no R&D activity, but not that this productivity advantage
increases with the level of R&D expenditure.

To explore this further, the specification reported in column (vi) divides the ob-
servations with substantial R&D activity (in year ¢ — 1) into 4 quartiles according
to their level of R&D spending (also in year ¢ — 1), and includes 4 dummy variables
which indicate whether or not an observation is in the corresponding quartile of the
R&D expenditure distribution.!® This specification indicates that establishments in
each quartile of the R&D spending distribution have a significant productivity advan-
tage compared to establishments with no R&D activity. Formally we do not reject the
restriction that these 4 coefficients are all equal, which again indicates no statistically
significant difference between the productivity of the highest spenders and the low-
est spenders within our sample of establishments with substantial R&D activities.'®
However the point estimates here do suggest some tendency for the productivity ad-
vantage to increase with the level of R&D expenditure, at least up to the third quartile.
Moreover none of these R&D quartile dummies has a coefficient which is significantly
different from zero when added as an additional explanatory variable to the specifi-

cation in column (iv), with our continuous R&D spending measure.?’ Thus neither of
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the more parsimonious functional forms considered in columns (iii) and (iv) is rejected
by this consideration of more flexible specifications.

The finding that production units with substantial R&D activity have higher total
factor (revenue) productivity than production units with no R&D activity could of
course reflect other differences between these sub-samples of large UK establishments
which happen to be correlated with the presence of R&D. Among the observable
candidates, we can rule out size, age and ownership differences as being important
contributors to the relationship between R&D and productivity that we have reported
in this section. In Bond and Guceri (2016), we report results for extended specifica-
tions, based on both column (iii) and column (iv) of Table 4, with additional controls
for size (using employment size band dummies), age (using age quartile dummies) and
foreign ownership. We find evidence that productivity tends to be somewhat higher in
the larger establishments, lower in the older establishments, and higher in the estab-
lishments owned by foreign firms.?! In all cases, however, we continue to find a highly
significant difference between the establishments with and without substantial R&D

activities, and the average size of this difference is stable at around 14%.

[TABLE 4 HERE]

4.2. Dynamic specifications

We now consider specifications which allow for unobserved differences between estab-
lishments. The approach outlined in section 3.1 allows for both time-invariant and
persistent unobserved components of total factor (revenue) productivity, with the lat-
ter assumed to follow a first-order autoregressive process. Any approach which allows
observed explanatory variables to be correlated with establishment-specific ‘fixed ef-
fects’ relies on variation over time within the set of observations on a given production
unit. Since we observe almost no variation over time in the binary R&D status indi-
cator for our sample of establishments, we focus in this section on models which use
the continuous measure of R&D spending, as in column (iv) of Table 4.

Table 5 presents our system GMM estimates of quasi-differenced production func-
tions of the form of equation (9), both with and without the R&D expenditure variable.
The instruments used for the equations in first-differences are the second, third and
fourth lags of each of the included explanatory variables, and the instruments used for
the equations in levels are the first lag of the first difference of each of these variables.
We impose the value of the autoregressive parameter («) to be 0.5, based on prelim-

inary estimates of the unrestricted version of equation (11).22 These GMM estimates
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of the coeflicients for the labour, capital and material inputs are broadly similar to the
OLS estimates in, for example, column (ii) of Table 4. The estimated coefficient on
the R&D expenditure variable is positive and significantly different from zero at the
10% level. The point estimate here is larger than the OLS estimate reported in column
(iv) of Table 4, although we caution that the GMM approach estimates this param-
eter imprecisely. This imprecision reflects the limited variation over time in the level
of R&D spending reported by individual establishments. The main conclusion that
we draw from this section is that there is no indication that the association between
R&D and productivity suggested by the OLS estimates of static specifications is likely
to be seriously biased upwards by the neglect of either permanent or autoregressive
differences in productivity between establishments.

In Bond and Guceri (2016) we report the corresponding system GMM estimates
of the unrestricted version of equation (11). We also find a significant positive long-
run effect of R&D expenditure on total factor (revenue) productivity using this more
general dynamic specification. Individually, none of the non-linear ‘common factor’
restrictions, which are imposed in the specifications reported in Table 5, are rejected
for any of the included explanatory variables.?® This suggests that the persistence
in the residual component of total factor (revenue) productivity can be approximated
well using the combination of time-invariant and first-order autoregressive components

considered in equation (8).

[TABLE 5 HERE]

4.3. RE&D at affiliated establishments

Our sample also allows us to investigate the relationship between productivity at large
UK establishments and substantial R&D activity conducted by other UK reporting
units within the same enterprise group. The latter include R&D facilities which them-
selves have no significant production operations.

In the first column of Table 6, we augment the specification from column (iii) of
Table 4 by including an additional binary dummy which takes the value one (in year t)
for production units which themselves have no substantial R&D activity (i.e. they are
not long-form recipients in the BERD survey) but which belong to enterprise groups
which have substantial R&D activity elsewhere in the UK (i.e. they own one or more
reporting units that were long-form recipients in the BERD survey, in year ¢t —1). This
dummy takes the value zero (in year ¢) both for production units owned by enterprise

groups which have no substantial R&D activity in the UK (i.e. they have no members
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that are long-form recipients in the BERD survey) and by enterprise groups whose
only substantial UK R&D activity is conducted at the production unit itself.? We find
a significant association between higher productivity and the presence of substantial
R&D activity elsewhere in the UK within the same enterprise group, although the
average productivity gain associated with the presence of substantial R&D at affiliated
UK establishments is lower than the average productivity gain associated with the
presence of substantial R&D at the production unit itself. The estimated coefficient on
the dummy for the presence of substantial R&D at the production unit itself suggests
an average difference of 15.7% between the total factor (revenue) productivity of the
establishments which have substantial R&D activities and the establishments which
have no R&D activities and which belong to enterprise groups with no substantial
R&D activities in the UK.?®

In the second column of Table 6 we distinguish between the presence of substantial
R&D at affiliated UK establishments which is reported to be in the same sub-sector
as the production unit, and the presence of substantial R&D at affiliated UK estab-
lishments which is reported to be in different sub-sectors, or outside the production
industries. We find a significant positive association only with substantial R&D by
other members of the same enterprise group which is related to the production unit’s
sub-sector of production activity, and not with substantial R&D by other members of
the same enterprise group which is related to other sub-sectors of production indus-
tries, or to non-production or service sector activities.

Columns (iii) and (iv) of Table 6 report the results for otherwise similar specifi-
cations which use continuous measures of R&D spending. In column (iii), we add to
the specification from column (iv) of Table 4 the inverse hyperbolic sine of total R&D
expenditure in year ¢ — 1 reported by all other long-form recipients owned by the
same enterprise group. In column (iv), we decompose this measure into R&D spend-
ing by affiliated establishments which is related to the production unit’s sub-sector
of production industries, and that which is not. The results here are qualitatively
and quantitatively similar to those found for the specifications in columns (i) and
(ii) of Table 6, using the binary R&D indicators.?® Similar results were also found
in extended specifications with additional controls for the size, age and ownership

(domestic/foreign) of the production unit.2”

[TABLE 6 HERE]

13



5. Conclusions

We have used ONS micro data for large UK establishments in the production indus-
tries in the period 1997-2008 to study the relationship between their productivity and
the presence of substantial R&D activities, either at the production unit itself, or at
other reporting units in the UK that are owned by the same enterprise group. Correct-
ing the measures of labour and material inputs for the inclusion of R&D personnel and
purchases at the establishments which have substantial R&D activities, we estimate
that total factor (revenue) productivity is on average about 14% higher at these estab-
lishments, compared to those which have no R&D activity. This estimate increases to
about 16% when we compare establishments with substantial R&D to establishments
which have no R&D and which belong to enterprise groups which have no substantial
R&D activity within the UK. Among the establishments which have no R&D activ-
ity themselves, we estimate that productivity is on average about 9% higher at those
which belong to enterprise groups which have substantial R&D activity elsewhere in
the UK in the production unit’s sub-sector of production activity. For the establish-
ments which have substantial R&D activity themselves, we also estimate a significant
positive relationship between current productivity and past R&D expenditure using
dynamic specifications which allow for both establishment-specific ‘fixed effects’ and
for a serially correlated unobserved component of total factor (revenue) productivity.

There are several ways in which the research presented here can be refined and ex-
tended. Information on the location of production units and the location of affiliated
establishments with substantial R&D activity can be used to investigate whether geo-
graphical proximity has an important effect on the relation between productivity and
substantial R&D conducted by other members of the same enterprise group within the
UK. More accurate measures of the connections between the nature of the production
activity and the nature of the R&D activities at affiliated establishments can also be
considered, perhaps using the distance measures suggested by Bloom, Schankerman
and Van Reenen (2013). The rich information on the composition of R&D expendi-
ture for all UK establishments with substantial R&D activities that is available for
long-form recipients in the BERD survey will also allow the nature of spillover effects

from substantial R&D spending by other firms to be explored.
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Notes

I This was formerly known as the Census of Production.

2There is of course a much larger literature on externalities or ‘spillover effects’ from the R&D expenditures
of other firms. See Hall, Mairesse and Mohnen (2010) for a recent review, and Bloom, Schankerman and Van
Reenen (2013) for a recent example.

3For reporting units which have operations at more than one site, information on turnover and employment
may be available at the more disaggregated local unit level.

4The IDBR definitions of enterprise and enterprise group follow the EU Regulation on Statistical Units
(EEC 696/93). An enterprise group is an association of enterprises bound together by legal and/or financial
links. The ONS User Guide for the Business Structure Database provides further details.

5We require a minimum of 3 consecutive observations to estimate the dynamic production models reported
in section 4.2 below.

6This arises because we relate production in year t to R&D expenditure in year ¢t — 1, but also require
information in year ¢ to correct the measures of labour and material inputs for ‘double-counting’.

"We combine the sub-sectors chemicals and pharmaceuticals for this purpose. The available classification
of product groups is reported in Table 2 below, corresponding to the two digit SIC level. Further details are
provided in Bond and Guceri (2016).

8Table 2 reports the full set of sector classifications that we consider.

9Thus we have = 0 for X = 0, and « approaches In2X = In2 + In X for large X.

103ee Bond and Guceri (2016).

1 Construction of a knowledge stock measure from the flow data on R&D spending requires an initialisation
and an assumption about the appropriate rate of depreciation. We experimented with standard approaches,
finding broadly similar results to those obtained with the flow measure of R&D that are reported here. These
results are discussed further in Bond and Guceri (2016).

12See Griliches and Mairesse (1998) for a thorough discussion of these and other issues in the estimation of
production functions.

13For example, denoting the unrestricted coefficient on the lagged labour input (1; t—1) by v, equation (11)
implies the restriction v, = —afr.

14 Although the constant returns to scale restriction is strongly rejected by a standard F test.

15The restriction that these two coefficients are equal is not rejected by a standard F test at conventional
significance levels.

16Denoting the wage bill by B and the average wage by W = B/L, this follows from InL +InW = InL +
InB—InL=1InB.

17Using input measures which are not corrected for double-counting, the estimated coefficient on the R&D
dummy falls to 0.026, with a standard error of 0.023. These results are reported in detail in Bond and Guceri
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(2016).

18 Observations with the lowest R&D spending are classed as being in the first quartile (Q1), and observations
with the highest R&D spending are classed as being in the fourth quartile (Q4). All four dummy variables are
zero for observations with no R&D spending. Note that R&D spending in the bottom quartile is only ‘low’ in
the context of establishments whose R&D activity is substantial enough to be among the long-form recipients
for the BERD survey.

19The F test of the restriction that these four coefficients are equal has a p-value of 0.53.

20These results are reported in Bond and Guceri (2016).

21These differences are all quite modest. For example, we estimate the average difference between foreign-
owned and UK-owned establishments to be about 4%.

22Gimilar results were obtained using values of o in the range 0.4-0.6. For comparison, the OLS estimates of the
coefficient on the lagged dependent variable in this specification are about 0.85, while the Fixed Effects (Within)
estimates are about 0.2. The former are expected to be biased upwards in the presence of establishment-specifc
‘fixed effects’, while the latter are expected to be biased downwards due to the small number of time series
observations available for individual establishments (Nickell, 1981).

23 Although Wald tests formally reject the joint validity of these non-linear common factor restrictions.

24For the production units which themselves have substantial R&D activity, we found no further productivity
advantage associated with the presence of additional substantial R&D activity elsewhere in the UK by other
members of the same enterprise group. Indeed we found some weak evidence that additional substantial R&D
within the same group at other locations may have a small negative effect on the productivity of such reporting
units. These results are discussed further in Bond and Guceri (2016).

25This estimate is naturally higher than we found in Table 4, since the specification used in Table 6 re-
moves establishments owned by enterprise groups with substantial R&D activity elsewhere in the UK from the
comparison group.

26The sample mean of the transformed R&D expenditure variable by other members of the same enterprise
group in the production unit’s sub-sector, for production units which themselves have no R&D, is 10.289.

2"These results are reported in Bond and Guceri (2016).
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Table 1. Production variables.

Gross output (YY)

Number of employees (L)
Average wage (W)
Capital stock (K)

Material inputs (M)

Turnover plus change in stocks of finished goods and raw
materials

Average of quarterly survey reports within year t
Total salaries/Number of employees

Constructed from the data on capital expenditures, using a
perpetual inventory formula with a 6% annual
depreciation rate; initial values allocate a share of the
ONS capital stock estimate for each two digit sub-sector
to individual reporting units, in proportion to total
purchases of materials (including energy)

Total purchases of materials (including energy)

Note: Nominal values are converted to constant prices using deflators for the most
disaggregated SIC sector available:

Gross output: ONS producer price indices (output)

Materials: ONS producer price indices (inputs)

Capital: ONS implicit price indices for capital services

Wages: labour input deflators constructed using the ONS Annual Survey of Hours and

Earnings.

Further details are provided in Bond and Guceri (2016).
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Table 2. Sectoral composition of full sample and long-form BERD sub-sample.

Two Description All Share of total Long-form Share of

digit observations  valueadded @ BERD total value

sector observations  added
Agriculture, forestry,

A fishing 75 0.1%

B Extractive industries 657 2.5%

C Food, beverages, tobacco 2,280 19.2% 46 2.6%

D Textiles and clothes 1,183 1.6%

E Wood, paper, publishing 2,358 10.9%

F Refined petroleum 49 0.9% 15 0.8%

G Chemicals 899 12.8% } 141 4.6%

H Pharmaceuticals 65 0.6%

I Rubber and plastics 594 2.6%

J Nonmetallic minerals 829 2.4%

K Basic iron ore, ferro alloys 608 2.9%

L Nonferrous metals 249 1.0%

M Fabricated metal products 902 1.7%

N Machinery and equipment 849 4.8% 115 2.9%
Office machinery,

0 computers 146 1.9% 13 0.7%

P Electrical machinery 272 0.9%

Q Radio, TV, communication 253 2.7% 55 1.0%

R Precision instruments 206 1.0% 87 0.7%

S Motor vehicles 463 16.9% 29 5.1%

T Railway, rolling stock 173 0.4%

U Shipbuilding 96 0.6%

V Aircraft, spacecraft 204 6.2% 59 3.7%

w Furniture 608 1.5% 12 0.1%

X Recycling 86 0.2%

Y Utilities 138 4.0%

Other®  n/a n/a n/a 31 1.4%

Total 14,242 100% 603 23.7%

% Sectors with less than 10 long form BERD observations cannot be separately identified
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Table 3. Descriptive statistics.

a) Full sample (14,242 observations).

Variable Mean Std Dev Lower Median Upper
Quartile Quiartile
Gross output 72,780 269,660 5,927 17,926 48,410
No of employees 420 876 71 176 429
Average wage 20 16 14 19 24
Capital stock 68,354 349,190 4,304 12,958 34,848
Material inputs 46,767 189,259 3,279 10,759 30,261

b) Long-form BERD sub-sample (603 observations).

Variable Mean Std Dev Lower Median Upper
Quartile Quiartile
Gross output 406,747 818,719 82,407 164,159 537,011
No of employees 1,612 2,066 558 891 1,683
Average wage 31 39 23 28 33
Capital stock 324,620 652,439 50,600 104,319 359,654
Material inputs 261,784 576,240 39,630 100,253 292,074
R&D spending 24,312 59,214 4,695 8,528 18,487

Note: All variables (except number of employees) are measured in thousands of 1997 pounds.

For the long-form BERD sub-sample, the measures of employment, average wage and
material inputs are corrected for double-counting of R&D.
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Table 4. Static production functions.

(i) (i) (iii) (iv) (V) (vi)
BL: labour 0.247 0.331 0.328 0.328 0.328 0.328
(.008) (.009) (.009) (.009) (.009) (.009)
Bw: wage 0.338 0.331 0.331 0.331 0.331
(.031) (.031) (.031) (.031) (.031)
Bk: capital 0.114 0.079 0.075 0.075 0.075 0.075
(.013) (.010) (.010) (.010) (.010) (.010)
BL: materials 0.655 0.595 0.597 0.597 0.597 0.597
(.013) (.015) (.015) (.015) (.015) (.015)
Br: R&D dummy 0.144 0.072
(.024) (.170)
Br: R&D spending 0.014 0.007
(.002) (.017)
Br: R&D Q1 0.107
(.033)
Br: R&D Q2 0.142
(.031)
Br: R&D Q3 0.187
(.050)
Br: R&D Q4 0.139
(.037)
R squared 0.968 0.972 0.972 0.972 0.972 0.972
Observations 14,242 14,242 14,242 14,242 14,242 14,242
Obs with R&D 603 603 603 603 603 603

Note: OLS estimates.

Standard errors reported in brackets are asymptotically robust to heteroskedasticity and serial
correlation (cluster-robust at the reporting unit level).

All specifications include year dummies and two-digit sector dummies.

For column (v), an F test rejects the hypothesis that the two coefficients on the two R&D
variables are both zero, with a p-value of 0.000.
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Table 5. Dynamic production functions.

(i) (i)
BL: labour 0.381 0.366
(.058) (.053)
Bw: wage 0.378 0.362
(.135) (.113)
Bk: capital 0.061 0.049
(.050) (.052)
BL: materials 0.625 0.634
(.044) (.042)
Br: R&D spending 0.037
(.021)
Observations 11,288 11,288
Obs with R&D 492 492
1* order autocorrelation -12.37 -12.69
2" order autocorrelation 1.34 1.46
Hansen (p): all instruments 0.169 0.269
Hansen (p): levels instruments 0.025 0.060

Note: System GMM estimates, using the instruments described in the text, implemented in
Stata using Roodman’s (2009) xtabond2 command.

Standard errors reported in brackets are asymptotically robust to heteroskedasticity and serial
correlation (cluster-robust at the reporting unit level).

All specifications include year dummies and two-digit sector dummies.

Test statistics for no 1*/2™ order serial correlation in the first-differenced residuals are
Arellano-Bond (1991) tests, asymptotically standard normal under the hypothesis of no serial
correlation.

p-values are reported for the Hansen tests of overidentifying restrictions.
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Table 6. Static production functions with R&D of affiliated establishments.

(i) (ii) (iii) (iv)
BL: labour 0.327 0.327 0.327 0.326
(.009) (.009) (.009) (.009)
Bw: wage 0.328 0.328 0.328 0.328
(.031) (.031) (.031) (.031)
Bk: capital 0.072 0.072 0.072 0.072
(.010) (.010) (.010) (.010)
BL: materials 0.599 0.600 0.599 0.600
(.015) (.015) (.015) (.015)
Br: own R&D dummy 0.157 0.159
(.025) (.025)
Br: group R&D dummy 0.066
(.016)
Br: group R&D dummy: same sector 0.088
(.020)
Br: group R&D dummy: other sectors 0.007
(.020)
Br: own R&D 0.016 0.016
(.003) (.003)
Br: group R&D 0.007
(.002)
Br: group R&D: same sector 0.009
(.002)
Br: group R&D: other sectors -0.001
(.002)
R squared 0.972 0.972 0.972 0.972
Observations 14,242 14,242 14,242 14,242
Obs with own R&D 603 603 603 603
Obs with group R&D 3,631 3,631 3,631 3,631

Note: OLS estimates.

Standard errors reported in brackets are asymptotically robust to heteroskedasticity and serial
correlation (cluster-robust at the reporting unit level).

All specifications include year dummies and two-digit sector dummies.

‘Group’ R&D measures refer to R&D of affiliated establishments for the production units
which themselves have no R&D.
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