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Abstract
This paper investigates the effects of UK and EU innovation subsidies on private R&D in a
sample of about 22,000 UK firms. The sample consists of R&D-active firms surveyed in at
least one year over 1998-2012. The results are obtained from four different estimators with
various degree of control for selection correction and time-invariant fixed effects. We report
that UK subsidies are not associated with additionality in privately-funded R&D intensity,
and the additionality effect in manufacturing is small. In contrast, EU subsidies are associated
with the robust additionality of two percent. Ordered-Heckman estimations indicate that an
increase in UK subsidies in total R&D is not likely to make a difference to private R&D
effort. However, an increase in EU subsidy intensity is associated with higher rise in R&D
investment for companies with certain R&D effort. This calls for better mechanism designs in
public support of business innovation.
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1. INTRODUCTION
Public support for business R&D is usually justified on the basis of market failures due to inappropriability of knowledge as public good, increasing returns on R&D and R&D return
uncertainty (Arrow, 1996). In the knowledge-based economy with global competition,
governments have devised various schemes to provide direct or indirect support for R&D
investments, but which one is efficient? Knowledge cannot be absorbed unless imitating firms
invest in R&D in the first place (Cohen et al., 1987). However, imitation R&D may not be
efficient and may lead to excess expenditures. Excess R&D investment can also occur when
firms engage in ‘patent race’. Dixit and Pindyck (2008) reviewing the patent race literature
conclude that inter-firm competition for obtaining a patent may result in higher-than-optimum
levels of R&D as part of that investment may entail sunk costs when the patent race is lost.
These perspectives imply that direct public support for business R&D may not be effective in
inducing firms either to undertake the optimal level of R&D investment or to additionally
increase private R&D investment. The magnitude of additional increase in R&D with a unit
of subsidy is at the centre of policy debates, and a greater increase in R&D investment over
the amount of subsidy is known as additionality effect. A large volume of empirical work has
been undertaken to find out how various public support schemes have affected firm behaviour
with respect to R&D effort. While Hall and van Reenen (2000) review the literature on
indirect support schemes, David, Hall and Toole (2000) review the literature on direct
support schemes. Recently, Cerulli (2010) provides a review of the models and estimators
used in the empirical literature.
The aim of this study is to add to existing knowledge in three areas. First, we provide
evidence on UK firms with a view to bridge the evidence gap on a country that have wellestablished direct and indirect support mechanisms for business R&D. To the best of our
knowledge, there has been no recent study investigating the consequences of UK support
schemes for input additionality.1 We also use controls for firm selection in line with the
existing literature, which was missing in previous UK-based studies. Secondly, we provide
novel evidence with the approach that corrects for firm-specific effects in both the selection
and outcome models. Third, we demonstrate how the relationship between subsidy and the
R&D effort differs between firms when they are divided into latent classes based on subsidy
intensity measured as the ratio of subsidy to privately-funded R&D.
2. A REVIEW OF THE EMPIRICAL LITERATURE
Following the pioneering work by Blank and Stigler (1957), a large body of empirical work
has utilised a variety of datasets and different estimation methods to ascertain whether public

1

We have identified only one study – a Department for Business, Innovation and Skills (BIS) paper on output
additionality (BIS, 2014). The only study on input additionality was Buxton (1975), based on industry data.
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and private R&D investments are complements or substitutes. The policy-relevant question is
whether public support for R&D is associated with additionality (complementarity) or
crowding-out (substitution) effects on privately-funded R&D investment. The literature has
evolved over time, starting with estimations of structural models without any control for
selection, going through structural models with selection, and finally the emergence of
matching models based on propensity scores (Cerulli, 2010). David et al. (2000) is an early
review of the literature on direct public support schemes and private R&D effort. Out of 14
firm-level studies reviewed by David with colleagues, only four used a selection equation or
some instrumental variable (IV) estimator. In terms of findings, three studies report
additionality, five studies report substitution (crowding-out) effects, and the remaining six
report mixed/heterogeneous findings driven by differences in the sample or chosen estimators.
Later reviews also report mixed findings in the empirical literature. Drawing on a sample of
28 studies that utilize firm-level data, Garcia-Quevedo (2004) reports that seven studies find
additionality, ten studies find no significant subsidy effects and eleven find crowding-out
effects. Dimos and Pugh (2014) provides a meta-analysis study based on 52 studies published
till March 2013. With respect to 300 effect-size estimates from 27 publications where
additionality and crowding-out effects can be separated, they report that 164 effect-size
estimates indicate additionality, whilst 136 estimates indicate no effect (117) or crowding out
(19 estimates). Overall, the balance of evidence remains ambiguous.
We observe an increase in the number of findings indicating additionality effects with partial
crowding out of private R&D. For example, in the evaluation of the technology development
funds in Latin America, Hall and Maffioli (2008) report strong evidence of additionality.
Similary Czatrnitzki and Lopes-Bento (2012) using the fourth Community Innovation Survey
(CIS4) and matching methods also report additionality effect in Flanders. Other studies in the
area input additionality include Czarnitzki and Toole (2007) who report an additionality with
respect to R&D intensity of German firms; Hussinger (2008) uses semi-parametric selection
models also report additionality among German firms; Duguet (2004) reports a similar finding
for R&D intensity of French firms; and Aerts and Schmidt (2008) who utilise a conditional
difference-in-difference estimator for repeated cross-section data and report a positive subsidy
effect on firm R&D effort in Germany and Flanders.
What emerges from recent studies is an evident clustering of the additionality findings with
respect to firm-level data from a few continental European countries, which raises the issue of
data overlap and dependence between findings. However, it also raises the issue identified by
David, Hall and Toole (2000) whether the subsidy regimes are different and more conducive
to additionality in those countries. This reinforces the need to investigate the effects of
subsidies in the UK that has not featured in literature of the last decade.
3. FUNDING REGIMES AND DATA
A feature of the UK business expenditures on R&D (BERD) is that R&D activity tends to be
concentrated in terms of firm size as well as technology classes (Hughes and Mina, 2012).
The total public support for business R&D is around 0.16 per cent of GDP and this is higher
than most other OECD countries, excluding the US, Korea, Canada and France (National
Audit Office, 2013). Direct public support for business R&D includes funding from the UK
government departments, their agencies and non-departmental public bodies, e.g. Technology
Strategy Board or its successor, Innovate UK. Given this landscape, different selection criteria
may have been used during the estimation period from 1998 to 2012, partly due to
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multiplicity of funding bodies and the change in often implicit funding rules over time. We
rely on the funding rules used by the Innovate UK, which we assume to be representative. Its
funding depends on firm size and type of R&D. The agency decides on whether to fund and
the amount of partial funding taking into account the project documentation and other
information about the applicant. However, Innovate UK does not publish information about
how they set funding priorities, with some exception of policy documents. There is an
accounting-based audit process, but we do not know how the Innovate UK ensures that partfunding is spent in accordance with the original project objectives or performance indicators.
Absence of such information has an important impact on modelling of the selection decisions.
In this study, we use data from the BERD – a repeated annual survey of R&D expenditures
and employment in the UK businesses. Throughout the estimation period from 1998 to 2012,
the BERD survey has been based on a random sample stratified by product group and
employment size-bands. The sample itself consists of all firms known to be R&D-active
through information from HMRC R&D Tax credit claimants, community innovation surveys,
and responses to a survey question about R&D activity in the business surveys.
Table 1 presents the summary statistics.2 The first observation to make is that the UK
government support is highly generous: UK firms have received government support of 92%
of the firm-year observations. However, the average UK subsidy intensity is 7.0%, with a
third-quartile value of 9% and a 95th-percentile value of 28%.
Table 1: Summary statistics: 1998-2012

UK subsidy dummy
EU subsidy dummy
Private R&D (£'000)
Total R&D (£'000)
Private R&D intensity
Total R&D intensity
Deflated private R&D
Deflated total R&D
UK gov. support (£'000)
EU support (£ '000)
UK subsidy intensity
EU subsidy intensity
Multiple subsidy dummy
Turnover (£'000)
Deflated turnover (£'000)
Deflated turnover growth
Age
Employment (count)
2

Sample with the UK subsidies
Obs.
Mean
Std. Dev.
195,151 1.00
0.00
195,151 0.80
0.40
195,138 556.20
15424.28
195,151 638.56
16457.67
193,730 0.80
36.23
193,742 0.90
37.56
195,138 622.19
16848.80
195,138 715.22
18037.17
195,151 78.51
2945.44
195,138 3.81
126.87
195,151 0.07
0.09
195,138 0.01
0.03
195,151 0.80
0.40
195,150 2.70
4.15
195,016 2.88
4.81
187,038 0.02
0.67
195,151 16.71
10.39
195,150 146.12
1884.73

Sample with NO UK subsidies
Obs
Mean
Std. Dev.
16,429
0.00
0.00
16,429
0.14
0.35
16,405
4.63
6.59
16,429
4.62
6.59
16,039
1.40
32.99
16,063
1.40
32.98
16,405
7.36
5.04
16,428
7357.57
50361.51
16,429
0.00
0.00
16,405
6.74
202.00
13,051
0.00
0.00
13,050
0.02
0.06
16,429
0.00
0.00
16,429
1.44
1.05
16,422
1.69
1.29
15,594
0.03
0.69
16,429
18.81
10.30
16,429
648.83
4828.83

Minimum and maximum values are excluded to comply with non-disclosure requirements of the data host. We
do not provide a similar table for cases for EU subsidies to save space.
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UK ownership dummy
Herfindahl index (3-digit)
Herfindahl index squared
Capital R&D intensity
Capital R&D int. squared
R&D scientists and
technicians (count)
Defence-related R&D
activity dummy
Pavitt class1
Pavitt class2
Pavitt class3
Pavitt class4
Pavitt class5
Average real effective
exchange rate of £ (RER)
Financial crisis dummy
(takes 1 after 2007)
Logarithm of FTSE-100

195,151
195,150
195,150
193,742
193,742

0.88
0.10
0.02
0.04
4.12

0.33
0.11
0.06
2.03
1006.27

16,429
16,429
16,429
16,063
16,063

0.78
0.13
0.04
0.09
26.83

0.41
0.14
0.09
5.18
2860.29

195,151

5.66

83.64

16,429

36.97

154.80

195,151
195,151
195,151
195,151
195,151
195,151

0.59
0.34
0.22
0.10
0.28
0.06

0.49
0.47
0.42
0.30
0.45
0.23

16,429
16,429
16,429
16,429
16,429
16,429

0.24
0.18
0.11
0.14
0.43
0.14

0.42
0.38
0.31
0.34
0.50
0.35

195,151

92.21

9.48

16,429

95.80

7.86

195,151
195,138

0.47
7.93

0.50
0.13

16,429
16,428

0.34
7.96

0.47
0.12

In other words, the UK provides close to the maximum level of subsidy only to the top 5% of
the successful applicants. The third observation is that the mean of R&D intensity of
receiving subsidy firm-year observations (0.8) is lower than that of non-subsidized firm-year
observations (1.4). However, the mean conceals a high degree of right-skewness as the
respective median values are 0.03 and 0.01. Non-subsidized firms are usually larger and older
with higher level of R&D-related capital (equipment and buildings) and R&D personnel.
4. THEORY OF EMPIRICAL METHODS
The important aspect of estimation methods is that subsidies are endogenous due to three
reasons. First, the firm’s R&D effort and the level of subsidy granted may be determined
simultaneously. If the funding agency selects firms on perceived R&D effort, the OLS
estimate for subsidy’s effect on R&D effort will be biased upward. Otherwise, the OLS
estimate will be biased downward (Heckman, 1978; Cerulli, 2010). Secondly, endogeneity
may be due to omitted variable bias that arises when the researcher does not have the
necessary information about crucial variables such as project quality that affect subsidy.
Finally, the data may be subject to measurement error leading to correlation between the error
term and regressors.
The first generation structural models are built on a demand and supply framework
compatible with profit maximization, but they treat the subsidy as exogenous. When these
models relax the assumption of exogenous subsidy, all they can do is to use instrumental
variable (IV) techniques such as three-step least-squares (3SLS) (Wallsten, 2000). We build
on the second generation of models using a structural model with selection to estimate the
effects of both UK and European Union (EU) subsidies on privately-funded R&D investment.
In what follows, we draw on Busom (2000) and Takalo et al., (2013) to specify the binary
selection model.
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Let F* denotes the unobserved net profit of the firm, Z is the vector of observable variables
that determine net profit, and u is the error term. Then the firm’s net profit function can be
stated as
. Firm’s decision to apply for subsidy or abstain depends on F*. The
firm decides to apply if profits net of application and other costs are non-negative; otherwise
it abstains. This can be expressed with the firm R&D decision indicator variable, which takes
value one if
and zero otherwise. The funding agency’s behaviour is modelled
analogously, with G* denoting the objective function of the agency, W is the vector of
observable factors that affect the agency decision, and v the error term,
. The
funding agency grants the R&D subsidy if the proposed project net of the agency’s costs
could bring non-negative utility; otherwise it abstains as expressed by the agency decision
indicator variable , which takes value one if
and zero otherwise.
In the data, we do not observe the firm’s and the agency’s decisions separately, but observe
the joint outcome of both decisions. Denoting this outcome by indicator I, we write:
(1a)
Using the equivalents of F* and G* we can re-write (1a) as follows:

(1b)
Here h(.) is a function of observables in Z and W, and of the error terms u and v. Now let’s
specify the firm’s behavioural equation - the R&D outcome equation as follows:
(2)
The RD is observed only for firms participating in the public funding competition (when I =
1) or only for non-participants (when I = 0). In other words, ‘non-participants’ are the basis
for the estimation of the participants’ unobservable counterfactual. Combining (1b) and (2),
and denoting matrix Q = [Z, W] with i-th firm subscript i, the system becomes:

(3)
Compared with matching or OLS models that assume selection on observables, model (3) has
the advantage of taking into account the effect of unobservables. This is done by assuming
non-zero correlation between the error terms of the outcome and selection equations by
assuming that
. This assumption, however, is not sufficient for
consistent estimation if some unobservables affect both the firm’s R&D effort and its
treatment (receipt of subsidy) simultaneously. The good news is that the endogenous binary
selection model is a non-linear estimator – it consists of binary selection equation estimated
by probit/logit and an outcome equation estimated by (pooled) OLS after taking account of
the endogenous subsidy (Cerulli, 2010).
Imbens and Wooldridge (2009) propose a conditional mean approach to correct for firmspecific effects in the selection and outcome models. The approach involves estimating
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inverse-Mills ratios for each firm in each year of the time dimension. This involves estimation
of T-probit selection models, where T is the number of years over which the firms are
observed. The model can be specified as follows:
outcome equation and
selection equation
(4)
where and
are unobserved firm-specific effects. The firm-specific effect in the outcome
equation ( ) can be eliminated by using a fixed-effect (within-group) estimator. However,
the firm-specific effect in the selection model ( ) cannot be eliminated with the same method
because the selection model is non-linear and estimated with a probit estimator. Wooldridge
draws on Chamberlain’s conditional mean theorem and demonstrates that the unobserved
can be substituted by inverse-Mills ratio for each firm/year observation by running T crosssection probit estimations. Then the outcome model to be estimated with:
(5)
Model (5) can be estimated consistently using a fixed-effect estimator. The coefficient on the
intervention variable ( ) will be unbiased because its estimation takes account of the
selection rule through inclusion of the inverse-Mills ratio and is carried out after eliminating
the firm-specific effects ( ). However, the consistency of the estimate for the subsidy effect
depends on correct specification of the selection and outcome equations. Given these
methodological considerations, we will provide estimates based on different estimators. The
results will include OLS and fixed-effect estimates not corrected for selection bias, followed
by structural selection model estimations from (3) and selection-corrected fixed-effect
estimates from (4) and (5). Our preferred estimator is Wooldridge’s fixed-effect estimator,
which corrects for endogeneity of the subsidy after eliminating the time-invariant firm effects.
Having established a complementary or substitution effect, we will also check whether the
effect of subsidy on R&D effort varies between firms with different levels of subsidy
intensity. In other words, we will try to identify the classes of firms where subsidy intensity is
more likely to leverage private R&D investment following (Hughes and Milna, 2012). For
this we use an ordered-probit selection model proposed by Chiburis and Lokshin (2007). This
model allows for sorting the firms into J+1 classes of 0, 1, 2, … J on the basis of an orderedprobit selection rule where the latent selection variable (subsidy intensity) is not observable,
but the categorical variable that depends on particular realisations of the latent variable is
observed (Chiburis and Lokshin, 2007).
We assume that firms belong to different classes of subsidy intensity as a result of a selection
process that we do not observe. It is assumed that the outcome measured by R&D effort is a
linear function of parameters that vary between categorical classes. The first categorical
variable corresponds with the class of firms that do not receive subsidy in a year; and the
remaining classes are sorted on the basis of increasing subsidy intensity by quartiles of
subsidy intensity distribution. The latter is defined as the ratio of UK or EU public support to
total R&D expenditures. These models are estimated through a two-step procedure, which is
more efficient than the maximum likelihood if normality condition is violated.

Advances in Business-Related Scientific Research Conference 2015 in Rome
(ABSRC 2015 Rome)
October 14–16, 2015, Rome, Italy

5. METHODS
Given the methodological framework above, the selection and outcome models we estimate are as follows:
(Selection model)

(Outcome model)
In the selection model, we assume that the funding agency selects applicants on the basis of firm size - a dummy that distinguish between SMEs with less than 250
employees; whether the firm is a start-up, i.e., it is born in 1998 or thereafter; intensity of R&D investment in research labs and equipment and its square; number
of R&D personnel employed and its square; firm age and its square; number of employees and its square; growth rate of deflated turnover between year t-1 and t;
whether the firm is engaged in defence-related R&D; and the firm’s membership of Pavitt technology classes. A prefix (l) indicates that the variable is in logs, a
prefix (l2) indicates squared value of the logged variable, and a subscript (t-1) indicates that the variable is lagged one year. The lagged value is used as the funding
agency examines the firm’s annual statements in its evaluation of the applications. Covariates in the selection model are chosen on the basis of information about
funding criteria/priorities indicated in documents published on the Innovate UK and from modelling literature.
A similar approach has been adopted in specifying the outcome model. The level of deflated output as measured by firm turnover is a proxy for cash flow, which is
a significant determinant of R&D investment (Brown et al., 2009; Hall et al., 1998). Firm age from the date of registration is also a frequently-cited determinant of
R&D investment, with older firms reported to have lower innovation intensities (Huergo and Jaumandreu, 2004; Balasubramanian and Lee, 2008). There is also a
long-standing debate about whether firm size and innovation intensity are related (see Cohen et al., 1987; Shefer and Frenkel, 2005; and Tsai and Wang, 2005).
Market concentration measured by Herfindahl index at 3-digit industry level is included in line with Schumpeterian models of innovation (Aghion et al., 2005;
Polder and Veldhuizen, 2012). Finally, we include dummies for Pavitt technology classes, treating the unclassified industries (Pavitt5) as the excluded category3.

3

Pavitt class 1 consists of firms in science-based industries such as chemicals, office machinery, precision, medical and optical instruments industries, ICT, etc. Pavitt class 2 consists of industries
that are specialized suppliers of technology or capital goods to other industries such as mechanical engineering industries, manufacturers of electrical machinery, equipment hire &lease industries,
and business services suppliers, etc. Pavitt class 3 consists of scale-intensive industries – pulp &paper, transport vehicles, mineral oil refining industries, financial intermediaries, etc. Pavitt class 4
consists of technology-supplier-dominated industries such as textiles & clothing, food & drink, fabricated metals, etc.
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6. FINDINGS AND DISCUSSION
To save the space we report only findings for the UK subsidies in full sample. Detail
estimations for the selection models and the EU subsidy sample, as well as for the UK
manufacturing sample are readily available upon request. In these estimations the dependant
variable is logarithm of private R&D intensity.
In the probit estimation results for the selection model (not reported), the exclusion restriction
is ensured by using a size dummy that features in the selection of both UK government and
the European Union funding rule. This dummy is equal one if the firm is classified as smallto-medium-sized (SME) in both regimes; and zero otherwise. This dummy is not correlated
with the private R&D intensity. Comparing the UK and EU selection, both funding regimes
exercise similar selection criteria that favour growth firms, companies with defence R&D, and
firms within Pavitt classes one, two and three, in i.e. sciences-based, specialized suppliers and
scale-intensive firms. However, the probability of receiving UK subsidy is higher than that of
receiving EU subsidies for growth firms and firm with engagement in defence R&D; in
contrast, the EU is more likely to grant subsidies in this case.
Even though both UK and US subsidy regimes favour SMEs with a size dummy coefficient of
0.12 and 0.07 respectively, the probability of granting subsidy decreases when employment
size increases. After the turning point, large firms are more likely to receive subsidies. A
similar pattern is observable with respect to capital R&D intensity and number of R&D
personnel employed. However, the UK regime is more likely to support start-ups, while the
EU subsidy regime is less likely to do so. The estimated correlation between the error terms in
the selection and outcome model shows that both UK and EU regimes are essentially picking
up winners on the basis of some information that is not measured in the data. The high level
of correlations between the unobservables indicate that the estimated effect of subsidies will
be biased upward in both pooled OLS and fixed-effect estimates without control for selection.
The estimated outcome models are reported in Table 2.
In contrast to UK subsidies, similar estimates for the EU subsidies (available on request) have
the additionality effect as the coefficient on EU subsidy is positive and significant. This result
suggests that the UK selection regime can learn from EU experience in order to leverage more
private R&D effort from supported firms. Similar estimates for the manufacturing sector only
indicate a small additionality effect in the case of EU subsidy: an effect of 1.9% in
manufacturing compared to 2.1% in the full sample. There is also an additionality effect
associated with UK subsidy in the manufacturing sector, but the effect is much smaller 0.9%.
Overall, these findings indicate that the EU regime is more successful in leveraging
additionality compared to the UK regime. We have also estimated the ordered-Heckman
model (available on request) to identify the variation in the relationship between subsidy
intensity and private R&D intensity. The results are presented in Table 3. The estimated
parameters indicate that UK funders are unable to leverage additional private R&D effort in
any of the subsidy intensity classes. In these estimates, a 1% increase in UK subsidy intensity
is associated with additional crowding-out effects of -1.73% in the subsidy intensity class 2
and -0.13% in the intensity class 4. In contrast, an increase of 1% in EU subsidy intensity can
leverage an additional private R&D intensity by 4.83% in subsidy intensity class 3.
Nevertheless, an increase of 1% in EU subsidy intensity is associated with a high degree of
crowding out (-18.46%) in subsidy intensity class 2. The subsidy intensity class 2 is the least
likely class for leveraging R&D.
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Table 2: Effect of UK subsidy on Private R&D intensity – full sample
UK subsidy dummy
Log (Deflated turnover)
Log(Def. turnover squared)
Log(Age)
Log2(Age)
Log(Employment)
Log2(Employment)
UK ownership dummy
Herfindahl index
Herfindahl index sq.
Pavitt class1
Pavitt class2
Pavitt class3
Pavitt class4
RER
Crisis dummy
Log(FTSE-100)
Multiple subsidy dummy

(1)
-0.0442***
(0.00629)
-0.437***
(0.00643)
0.0215***
(0.00039)
0.0115*
(0.00698)
-0.00848***
(0.00138)
0.381***
(0.00770)
-0.0357***
(0.00079)
-0.0119***
(0.00383)
0.0696***
(0.0217)
-0.0733**
(0.0363)
0.113***
(0.00990)
0.0340***
(0.00777)
0.0538***
(0.00782)
0.00853
(0.0069)
-0.00316***
(0.00018)
-0.0222***
(0.00328)
-0.0506***
(0.00465)
-0.00254
(0.00263)

(2)
-0.0133***
(0.00413)
-0.517***
(0.00847)
0.0254***
(0.00060)
0.137***
(0.0123)
-0.0234***
(0.00282)
0.242***
(0.00800)
-0.0240***
(0.000948)
0.00620*
(0.00328)
-0.0269
(0.0174)
0.0111
(0.0240)
0.0285
(0.0200)
-0.00803
(0.0166)
0.00637
(0.0170)
-0.00180
(0.0156)
-0.00240***
(0.00017)
-0.0258***
(0.00318)
-0.0628***
(0.00484)
0.00807***
(0.00168)

2.072***
(0.0480)

2.424***
(0.0612)

Inverse Mills - UK

(3)
-0.462***
(0.00808)
-0.433***
(0.00139)
0.0210***
(0.00010)
-0.00142
(0.00667)
-0.00688***
(0.00130)
0.405***
(0.00182)
-0.0393***
(0.000237)
-0.00541***
(0.00194)
0.0820***
(0.0157)
-0.0810***
(0.0244)
0.147***
(0.00918)
0.0739***
(0.00789)
0.0749***
(0.00769)
0.0303***
(0.00726)
-0.00306***
(0.000205)
-0.0138***
(0.00387)
-0.0385***
(0.00499)
-0.00382**
(0.00194)

(4)
0.00284
(0.00466)
-0.523***
(0.00972)
0.0256***
(0.00069)
0.178***
(0.0225)
-0.0247***
(0.00469)
0.251***
(0.00878)
-0.0246***
(0.00103)
0.00676*
(0.00355)
0.0267
(0.0190)
-0.0484*
(0.0259)
0.0483**
(0.0233)
0.00938
(0.0187)
0.0136
(0.0189)
0.00086
(0.0172)
-0.00261***
(0.00019)
-0.0372***
(0.00406)
-0.0797***
(0.00551)
0.00380**
(0.00174)
0.0809***
(0.00608)
2.444***
(0.0784)

2.293***
(0.0451)
lambda
0.223**
sigma
0.269
0.328
rho
0.827
0.675
Observation
209652
209652
162733
162733
Note: Cluster-robust standard errors are in parentheses. All estimations include 2-digit
industry dummies. Time dummies are not included as the crisis dummy, the FTSE-100 and the
Constant
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average effective exchange rates capture time variation. (1) and (2) are pooled OLS and
fixed-effect without selection correction; (3) is pooled OLS with selection correction; and (4)
is fixed-effect with selection correction; * p < 0.10, ** p < 0.05, *** p < 0.01.
Table 3: Ordered Heckman estimates for UK subsidy intensity classes.
Class 1
Class 2
Class 3
Class 4
***
Log(UK subsidy intensity + 1)
-0.328
-1.702
-0.0335
-0.131***
(0.553)
(0.304)
(0.0666)
(0.0161)
***
***
***
Log (Deflated turnover)
-0.401
-0.485
-0.401
-0.523***
(0.00272)
(0.00266)
(0.00247)
(0.00281)
***
***
***
Log(Def. turnover sq.)
0.0194
0.0253
0.0212
0.0272***
(0.000194)
(0.000210)
(0.000191) (0.000251)
***
***
Log(Age)
-0.0228
-0.0274
-0.0288***
-0.0508***
(0.00211)
(0.00221)
(0.00216)
(0.00256)
Log(Employment)
0.322***
0.403***
0.354***
0.474***
(0.00318)
(0.00353)
(0.00329)
(0.00393)
Log2(Employment)
-0.0298***
-0.0418***
-0.0370***
-0.0479***
(0.000386)
(0.000463)
(0.000437) (0.000554)
UK ownership dummy
-0.00646**
0.000542
-0.00111
0.00717
(0.00297)
(0.00355)
(0.00386)
(0.00531)
Herfindahl index
-0.0619**
-0.0300
0.0368
-0.0172
(0.0284)
(0.0342)
(0.0292)
(0.0376)
Herfindahl index sq.
0.124***
0.0564
-0.0611
0.0399
(0.0452)
(0.0565)
(0.0455)
(0.0642)
Pavitt class1
0.130***
0.106***
0.0695***
0.0388
(0.0159)
(0.0201)
(0.0244)
(0.0513)
Pavitt class2
0.0516***
0.0243
0.0473***
0.0255
(0.0159)
(0.0178)
(0.0122)
(0.0214)
Pavitt class3
0.0958***
0.0281*
0.0517***
-0.00788
(0.0150)
(0.0155)
(0.0137)
(0.0227)
***
***
Pavitt class4
0.0507
0.0174
0.0454
0.0421**
(0.0139)
(0.0160)
(0.0130)
(0.0171)
**
***
RER
-0.00077
-0.00049
-0.00254
-0.0121***
(0.00034)
(0.00069)
(0.00055)
(0.00055)
Crisis dummy
-0.0154***
-0.0253*
-0.0335***
0.0320***
(0.00569)
(0.0135)
(0.0104)
(0.0104)
Log(FTSE-100)
0.00565
0.0136
0.0606***
-0.110***
(0.00819)
(0.0107)
(0.0116)
(0.0132)
Multiple subsidy dummy
0.00514
0.0142***
-0.0296***
0.114***
(0.00351)
(0.00458)
(0.00395)
(0.00681)
Constant
1.330***
1.523***
0.956***
3.387***
(0.132)
(0.130)
(0.0789)
(0.119)
Lambda (λ)
0.0191***
0.0273***
-0.00473
0.116***
(0.00449)
(0.00541)
(0.00616)
(0.00905)
Observation
161829
161829
161829
161829
Note: Categorical class with 0 (zero) subsidy intensity is excluded. Class 1 consists of
firm/year observations where subsidy intensity is greater than zero but less than or equal to
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the value at the first quartile; Class 2 refers to subsidy intensity between the first-quartile and
median values; Class 3 refers to subsidy intensity between the median and third-quartile
value; and Class 4 refers to subsidy intensity equal to or greater than the value at the third
quartile.
7. CONCLUSION AND IMPLICATIONS
We have investigated the effects of UK and EU subsidies on privately-funded R&D intensity
of a sample of about 22 thousands R&D-active British firms from 1998 to 2012. The results
are obtained from four different estimators with different degrees of control for selection and
time-invariant fixed effects: pooled OLS and fixed-effect panel estimators with and without
selection correction. We report that the UK subsidies are not associated with additionality in
privately-funded R&D intensity in the full sample, and the additionality effect in
manufacturing is very small. In contrast, the EU subsidy is associated with an additionality
effect of 2% in both samples. Ordered-Heckman estimations of leverage indicate that an
increase in the UK subsidy intensity, measured as ratio of subsidy in total R&D, is not likely
to make a difference to private R&D effort in any of the subsidy intensity classes demarcated
by quartiles of the subsidy intensity distribution.
The findings also indicate that private R&D intensity is non-linearly related to wide range of
other firm-level, industry and macroeconomic variables. Results from the full and from the
manufacturing samples depict a consistent picture with respect to the effects of these
covariates. Whilst turnover as a proxy for cash flow has a U-shaped relationship with R&D
intensity; the market concentration (Herfindahl) index, firm age and size as measured by
employment have an inverted-U relationship. In the case of industry-level factors, we observe
that private R&D intensity is consistently higher in Pavitt technology classes one, two, and
three compared to the excluded category of the unclassified technology class. Finally, private
R&D intensity is lower during the post-crisis period of 2008-2012, which have been
accompanied with appreciation of British pound and increasing FTSE-100 stock index.
The main implication of the estimations is that European R&D funding regime appears to
provide businesses with greater incentives for additional R&D investment. This might be
explained with our findings that the EU scheme is more likely to award the subsidy to
sciences-based, specialized suppliers and scale-intensive firms, which tend to have much
larger R&D projects where extra support might make a difference in undertaking additional
innovation. Further research is necessary to identify why the firm selection in the EU subsidy
regime is more successful in leveraging additionality compared to the UK regime.
However, both the UK and the EU innovation support regimes are essentially picking winners
with already high R&D intensity that favour firms with high turnover growth, with large
employment, or companies with defence R&D. Relatively small magnitudes of the estimated
additionality effects suggest that a better mechanism design for public R&D support is needed
both in the EU and the UK. Such support would benefit from joint development of new
innovation support schemes for public-private partnerships and some experimentation with
different approaches to select what really works best for businesses.
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