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this panel of firms permit to account for the time dimension and selection mechanism in public support as well as
for observed and unobserved firm heterogeneity. Results on the impact of public support appear to depend on
the econometric specification and estimation procedure that is considered. Robust results indicate that the ef-
fectiveness of R & D support decreases when firms benefit from different schemes at the same time, especially
when firms combine subsidies with several tax benefits.

1. Introduction

Public financial support to business R & D increased in most OECD
countries over the last decade. Government expenditures for R &D
shifted from public towards private research, especially through the
introduction, or the increase in the generosity, of tax incentives. Despite
the apparent general popularity of tax benefits, there are still sub-
stantial differences in the extent to which countries opt between direct
and indirect financial support to business R &D.! Whereas countries
such as Belgium, Canada, France and the Netherlands increasingly fa-
vour tax incentives, countries such as Estonia, Germany, Mexico,
Sweden and Switzerland only provide direct support. Even in times of
austerity policies, the budgetary cost of government support to business
R & D has risen in most OECD countries (OECD, 2016).

Fig. 1 shows total public support to business R & D as a percentage
of GDP in 2014, or the latest year available, for OECD countries, with a
breakdown between direct and indirect support (on the left-hand side
Y-axis) and Gross domestic Expenditure on R &D (GERD), also as a
percentage of GDP on the right-hand side Y-axis.

Although public support and GERD are positively correlated,” some
of the most R & D intensive countries spend relatively little on public
support and tend to rely mostly — or only — on direct support, such as
Finland, Germany, Sweden and Switzerland.

The differences in the generosity and the policy mix of public sup-
port to business R & D suggest disagreement among policy-makers as to

E-mail address: dm@plan.be.

the effectiveness of public support in general and individual policy
instruments more specifically. Dimos and Pugh (2016) argue that there
are indeed no definitive guidelines, theoretically or empirically, on the
effectiveness of public subsidies in stimulating business R & D. Their
meta-regression analysis of 52 micro-level studies indicates that sub-
sidies do seem to stimulate R & D efforts of private firms but the effect is
only limited. Two other recent meta-regression analyses, by Castellacci
and Lie (2015) and Gaillard-Ladinska et al. (2015), also indicate a
statistically significant but modest impact of tax incentives on R &D
efforts of private firms. In their conclusions, Castellacci and Lie (2015)
point out that most studies assess the impact of tax credits and subsidies
separately and advocate that future studies should assess the effec-
tiveness of the combination of policy instruments. Busom et al. (2015)
and Guerzoni and Raiteri (2015) point out that most studies on public
support to R & D assess the impact of individual support schemes al-
though in most countries firms can receive subsidies as well as tax
benefits.

This paper assesses the effectiveness of public support to business
R & D in Belgium by considering jointly all available policy instruments.
As shown in Fig. 1, Belgium is by now the most generous OECD country
in terms of public support to business R & D. In 2012, public support in
Belgium was evenly split between direct and indirect support. More-
over, indirect support to business R &D in Belgium also consists in
different types of tax benefits.

The number of studies that have considered the combination of

! The OECD considers grants; government support in equity and debt financing and public procurement as direct public support to business R & D and tax incentives such as tax credits;
R & D allowances; reductions in wage taxes and social security contributions of R & D personnel and accelerated depreciation of R & D capital; as indirect public support to business R & D
(OECD, 2016, p. 174). This paper only considers financial support provided to firms. Public funding of research by universities or public research institutes, which can benefit private
companies and is sometimes considered as indirect support (for example, Guellec and van Pottelsberghe de La Potterie, 2003), is not considered in this paper.

2 For the 33 countries considered, correlation between total support and GERD is 0.44, which is statistically significant at 1%.
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Fig. 1. Direct and indirect public support to business R & D and GERD in% GDP in 2014.
Note: Public support in% of GDP on left-hand side Y-axis and GERD in% GDP on right-hand side Y-axis. Only OECD countries with data available for all variables are considered. Direct
public support: grants, loans and public procurement, indirect public support: tax incentives.
Source: OECD, R & D Tax Incentive Indicators, http://oe.cd/rdtax and Main Science and Technology Indicators, www.oecd.org/sti/msti.htm, July 2016. All observations apply to 2014 or

the latest available year (see source for details).

different R & D support schemes is rather limited. In contrast with most
of these studies, this paper considers a continuous variable for public
support instead of a binary or categorical variable and uses panel es-
timation to account for the time dimension of R & D expenditures and
support as well as unobserved firm heterogeneity whereas the potential
selection bias in public support is acknowledged through the estimation
of a selection model.

The paper is organized as follows. Section 2 discusses the role of the
policy mix of public support to business R & D. Section 3 proposes the
econometric procedure to assess the additionality of individual policy
instruments and their combination. The data used for estimation are
discussed in section 4. Estimation results are reported in Section 5 and
Section 6 summarizes and concludes.

2. The policy mix of public support to business R & D*

The diversity in the relative use of direct and indirect support but
also in the mix of policy instruments used by countries to support R & D
performed by firms is indicative of the lack of consensus as to which
instruments are most effective in raising business R & D. As mentioned
in the introduction, recent meta-regression analyses confirm that sub-
sidies and tax incentives appear to stimulate R&D efforts by private
firms but only to a limited extent. Whereas recent studies that assess the
effectiveness of public support tend to acknowledge unobserved firm
heterogeneity and selection mechanisms in public support, some issues
have clearly not received sufficient attention. As mentioned in the in-
troduction, Busom et al. (2015) and Guerzoni and Raiteri (2015) re-
cently argued that the estimation of single policy instruments, without
controlling for other available instruments, may result in a hidden
treatment bias.

Guellec and van Pottelsberghe de La Potterie (2003) provide evi-
dence, for 17 OECD countries over the period 1981-1996, that direct
funding as well as tax incentives are effective in increasing business-
financed R & D but that increasing one form of support reduces the ef-
fectiveness of the other form of support. Only few firm-level studies

3 In the categorization of the policy mix for innovation of Borras and Edquist (2013),
this paper only considers the second category of three categories of instruments (financial
instruments) that aim at increasing the first of four innovation activities (the provision of
knowledge inputs).
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followed up on this early cross-country aggregate level indication that
direct and indirect public support to business R&D could be sub-
stitutes.

Haegeland and Mgen (2007a) were among the first to use firm-level
data to assess the interaction between subsidies and the R & D tax credit
in Norway. Their results suggest that direct and indirect support are
complements. More recently, Czarnitzki and Lopes-Bento (2014) also
find indications of complementarity between R & D subsidies granted by
the German government and research support by the European Com-
mission. The estimation on French data by Guerzoni and Raiteri (2015)
suggests that different R & D policy instruments are most effective when
they interact. Marino et al. (2016), also using French data, on the other
hand conclude that the combination of the French tax credit with R &D
subsidies reduces the additionality of public support. All recent studies
that assess the policy mix of policy instruments in support of R &D
consider a binary or categorical treatment variable. Dimos and Pugh
(2016) point out that the use of this type of variable precludes a full
assessment of the additionality of public support. The use of binary
treatment variables is often due to the lack of data on the amount of
support. For this study data are used from the Belgian Policy Mix R & D
database, which contains information on the amount received by in-
dividual firms, in all existing schemes of public support to R&D (sub-
sidies and different types of tax benefits). The database contains addi-
tional firm-level data that permits to construct a panel of firms and
account for the time dimension (including years before the introduction
of the tax benefits) as well as observed and unobserved firm hetero-
geneity. Given the 50/50 share of direct and indirect support but also
the different types of tax benefits for R&D that can be combined,
Belgium seems an appropriate country to assess the effectiveness of
different individual instruments but also to investigate whether the
different support schemes tend to reinforce or weaken one another.

As a result of state reforms in the 1980s and the 1990s, most
competencies in science and technology in Belgium now reside at the
level of the three regions: Brussels-Capital Region, Flanders and the
Walloon Region. The regions provide substantial direct support to R & D
and innovation by firms, mainly through subsidies. To fulfil its com-
mitment to a 3% target for R&D intensity, the Belgian federal gov-
ernment introduced several tax incentives in support of business R & D.
Following the recommendations of Van Pottelsberghe et al. (2003),
who evaluated the rather unsuccessful tax allowance for additional
employees in scientific research in Belgium — which was abolished as
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of tax year 2008 — the federal government introduced new tax in-
centives from 2005 onwards. The most popular measure is the partial
exemption from advance payment of the withholding tax on the wages
of R & D employees. There are currently four possibilities for companies
to obtain such a partial exemption:

o for R & D personnel in companies that cooperate in research with a
university, a higher education institution in the European Economic
Area or a scientific institution registered by the Council of Ministers
(as of 1 October 2005);

e for Young Innovative Companies (YIO)* (as of 1 July 2006);

o for R &D personnel with a PhD degree in exact or applied sciences,
doctor degree in (veterinary) medicine or a civil engineering degree
(as of 1 January 2006: labelled as List 1 throughout the rest of the
text);

e For R&D personnel with a master's degree, with the exception of
masters in social and human sciences (as of 1 January 2007: labelled
as List 2 throughout the rest of the text).

For the first two measures the exemption originally amounted to
50% and for the last two to 25%. The exemption, for all four measures,
was raised to 65% in July 2008, to 75% in January 2009 and as of 2013
the exemption amounts to 80%.

Starting in tax year 2008, the federal government grants a deduction
of 80% of qualifying gross patent income — for example from licensing
to third parties — from the taxable basis. With a statutory corporate
income tax rate of 33.99%, this implies effective taxation of 6.8% on
patent income

As of tax year 2007, Belgian companies can choose between a tax
deduction or a tax credit for investment in R&D (tangible and in-
tangible fixed assets and patents). The tax deduction provides a de-
duction of the taxable base whereas the tax credit is a reduction of the
tax due. The advantage of the tax credit is that if companies cannot use
the entire tax credit against taxable income, the part that has not been
used within five years, is refunded. For this reason the majority of firms
prefer the tax credit over the tax deduction.

In contrast with most other countries with tax incentives for R & D,
which restrict themselves to a single tax benefit (most often a tax credit
for R & D investment), Belgium has opted for several distinct schemes of
tax support for R & D. The four schemes of partial exemption from ad-
vance payment of the withholding tax, are provided apart from cor-
porate income taxation. Firms that are eligible for partial exemption do
not have to pay 80% of the withholding tax that is normally deducted
from salaries. These schemes therefore provide immediate financial
support, also to firms without any profit (for example, biotech start-
ups). In addition to the partial exemption, the more traditional tax
deduction/credit for R & D investment and the tax deduction of 80% of
qualifying gross patent income are implemented through corporate
income taxation and therefore only apply to firms that make profit,
except for the tax deduction that can be carried forward for an un-
limited period in case of insufficient profits and the part of the tax credit
that is not used after 5 years, which is refunded. Firms can combine
subsidies with tax benefits but can also combine different tax benefits.
Table 1 shows the extent to which firms combined, over the period
2007-2011, the different available schemes of support to R &D, in ef-
fect, direct support (subsidies) provided by regional authorities, the
four schemes of partial exemption as well as the two tax benefits
through corporate income taxation provided by the federal govern-
ment. For each policy instrument, the shares in each column sum to 1.

“ A Young Innovative Company is defined (see Belgian Science Policy, 2006) as a
company which: carries out research projects; has been set up for less than 10 years
before January 1 of the year during which the advance payment exemption is granted; is
not set up within the framework of concentration, a restructuration, an extension of a pre-
existing activity or resumption of such activities; has made expenditures on R&D re-
presenting at least 15% of the total costs in the foregoing taxable period.
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Taking the example of firms that benefit from regional subsidies, 54%
benefit only from subsidies in a given year, 5% combine subsidies
support with a partial exemption for research cooperation and so on
until 19% that combine subsidies with at least two different tax bene-
fits.

Of those firms that benefit from a regional subsidy or a partial ex-
emption from advance payment of the withholding tax for R &D per-
sonnel of Young Innovative Companies, 54% did not receive any other
public support in Belgium. For firms that benefit from a tax credit for
R & D investment this share is only 23%. Almost half (47%) of firms that
benefit from the R & D tax credit, combine this with at least two other
support schemes. Except for YIC and regional subsidies and for List 1
and List 2 which are often combined without any other support scheme,
if firms combine individual schemes they at least benefit from three
different schemes. Table 1 clearly shows that firms that receive public
support for R&D in Belgium pervasively benefit from several support
schemes. This indicates the need to control for all available instruments
in estimating the impact of each individual instrument but also that an
assessment of the extent to which the combination of different schemes
affects the effectiveness of public support is warranted.

3. Methodology

The evaluation of the impact of public support on the R&D activ-
ities of private companies is hampered by the limitations of econo-
metric methods to establish causal links. Regression provides indica-
tions of association (correlation) between variables but does not permit
to prove indisputably any causal link. It is necessary to realize that a
private company decides autonomously how much it invests in R&D.
Availability of direct support or tax benefits is only one factor that
companies take into consideration (see Becker, 2013 for a recent survey
on the determinants of R & D investment by private companies). It is
also the company that decides to apply for a subsidy or a tax benefit.
This complicates the assessment of the effects of introducing a support
scheme or changing the conditions of public support. Moreover, public
agencies follow explicit rules to grant subsidies. For example, most
regional agencies in Belgium have programmes that specifically target
SMEs or technology fields. Subsidies are granted, based on the quality
of the project proposal which may reflect firm-specific characteristics
known to the agency or the reviewers but most of the times not to the
evaluator. More implicitly, agencies may favour a strategy of “picking
the winner”. The granting of subsidies or tax benefits is clearly subject
to selection by agencies and self-selection by companies which implies
that companies that receive public support for their R &D activities
cannot be considered as a random sample of the population of com-
panies (Lichtenberg, 1984; Busom, 2000; David et al., 2000; Klette
et al., 2000; Wallsten, 2000; Jaffe, 2002; Cerulli, 2010; Cantner and
Kosters, 2012).° If the selection by agencies that provide direct support
and the self-selection and autonomy of firms to decide how much to
invest in R & D are not accounted for, regression may result in a biased
(optimistic) estimate of the causal impact of public support. Different
estimation procedures exist to address the selection bias of public
support. All procedures have known advantages as well as several
limitations. Unfortunately, no single method that is based on observa-
tional data can be considered to provide undisputed evidence on the
causal effect of public support. Angrist and Pischke (2009, 2015) con-
sider four alternative methods to account for selection and endogeneity
in a context in which random assignment of treatment (in this case,
receiving a subsidy or tax benefit for R & D) is not applicable and as-
sessment is based on observational (post-treatment) data: Regression,
instrumental variables, regression discontinuity and differences-in-

S Antonelli and Crespi (2013) distinguish between vicious Matthew effects and virtuous
Matthew effects of R&D subsidies. They present evidence for Italy that suggests the
picking-the-winner strategy adopted by authorities positively contributed to the effec-
tiveness of the subsidies.
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Table 1
Policy mix: combinations of public support to Business R & D in Belgium (2007-2011).
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Partial exemption from payment of withholding tax on wages R & D

Corporate income taxation

personnel
Regional subsidy Research cooperation YIC Listl List 2 Tax credit Tax deduction 80% patent
R&D income
Single use 0.54 0.38 0.54 0.38 0.39 0.23 0.34
Combined with:
Regional subsidy 0.20 0.26 0.08 0.08 0.06 0.07
Research cooperation 0.05 0.01 0.03 0.01 0.01 0.00
Young Innovative Company (YIC) 0.08 0.01 0.01 0.00 0.10 0.02
List 1 0.06 0.08 0.02 0.27 0.08 0.06
List 2 0.06 0.03 0.00 0.26 0.05 0.08
Tax credit R&D 0.01 0.01 0.04 0.01 0.01 0.00
Tax deduction 80% patent income 0.00 0.00 0.00 0.01 0.01 0.00
Combined with at least two other 0.19 0.29 0.12 0.23 0.23 0.47 0.42

support schemes

Note: The table shows the share of firms that received, in a given year over the period 2007-2011, only one of the given forms of public support (single use), combine it with one of the
other benefits (second up to seventh line) or combine it with at least two other benefits (last line), so that columns sum to 1 (except for rounding error).

differences. Causal inference of these methods relies on the conditional
independence assumption or the selection on observables assumption
which implies that all potential covariates that may affect (self-) se-
lection are known and observed. If the assumption holds, the selection
bias can be removed by controlling for observed covariates and a causal
interpretation can be justified. Angrist and Pishke argue that including
covariates as control variable increases the plausibility of the condi-
tional independence assumption.

The approach used in this paper is a fixed effects panel regression
with known determinants of R &D expenditures as covariates, in ad-
dition to variables of the amount of public support received by firms.
Selection is accounted for through the prior estimation of a selection
specification (Heckman selection model). Instrumental variable esti-
mation is considered, in this paper, in the Generalized Method of
Moments estimation of a dynamic panel specification that accounts for
the substantial persistence in R & D expenditures as reported by Arqué-
Castells (2013), Arqué-Castells and Mohnen (2015) and Huergo et al.
(2016). Regression discontinuity is not considered as this approach
requires some threshold or unexpected discontinuity in the public
support variables (see for example de Blasio et al., 2015; Dechezleprétre
et al., 2016) that is not available in the Belgian data. Differences-in-
differences is mostly applied when data over a long period of time are
not available (mostly one observation before and one observation after
a firm receives support). The fixed effects regression, as discussed in the
next section, can be considered as a generalization of differences-in-
differences in a panel context (Heckman et al., 1998; Angrist and
Pischke, 2009; Klette et al., 2000). Klette and Mgen (2012) argue that
when data for more than two years are available, and the amount of
support is known, a fixed effects specification is to be preferred to a
differences-in-differences estimator. Fixed effects permit to account for
time-invariant firm heterogeneity. If firm-specific effects related to the
selection process of public support change only little over the con-
sidered period, fixed effects can be useful in addressing the endogeneity
problem.®

In this study detailed firm-level data on the amount of public sup-
port granted to individual firms in all available schemes are used to
construct a panel covering the period 2003-2011 with a continuous
rather than a binary or categorical treatment variable as in most stu-
dies. The panel estimation permits to control for observed as well as

S 1 would like to thank an anonymous referee for pointing out this advantage of fixed
effects.

unobserved (time-invariant) firm heterogeneity, which Dimos and Pugh
(2016) point out as an issue that can explain the diverging results in the
literature on the effectiveness of public support to business R & D. The
panel considers the cross-section as well as the time dimension of R & D
expenditures and public support. The period that is covered moreover
contains a number of years prior to the introduction of the federal tax
benefits (starting in 2005 as listed in the previous section).

The panel specification estimates the impact of each support scheme
conditionally on the other support schemes, avoiding the possible bias
due to omitting available information on other forms of public support.
Moreover, the specification contains variables on the amount received
by firms that combine two schemes as well as a variable with the total
amount of public support received by firms that combine subsidies with
at least two tax benefits and a variable with the total amount of public
support for firms that combine at least three different tax benefits but
receive no subsidies, in a given year. These variables are constructed
such that they only differ from zero when firms actually use a specific
combination of support measures. The variables thereby permit to as-
sess whether the combination of different measures of public support
increases or decreases the effectiveness of support relative to the ef-
fectiveness of individual measures. Given seven different schemes
(subsidies and six tax benefits), 21 combinations exist, although some
combinations are not possible by definition or not considered due to a
lack of sufficient observations that differ from zero. The coefficients of
the combination variables should be interpreted as additional effects of
combining two schemes relative to the individual schemes. A statisti-
cally significant positive coefficient implies that combining the two
schemes provides a complementary impact and a negative coefficient
would indicate that the combination results in some crowding out of
R & D expenditures.

Given the assumption, explicit in most estimation procedures, that
errors are normally distributed, a log-log specification is preferred (see
for example Clausen, 2008)”:

7 The estimates of a linear specification would provide a direct estimate of the Bang for
the Buck (see end of Section 5), in effect, how much one euro in public support gives rise
to how much additional own R & D expenditures by companies. However, the distribution
of R & D expenditures, as well as the distribution of public support for R & D, is extremely
skewed and far from normal. The logarithm of R & D expenditures is relatively normally
distributed. As only firms with support in all schemes would be considered in a log-log
specification, 1 euro is added to all support variables. This also permits to consider the
control group of R&D firms that do not receive any public support in a given year. The
log transformation may pose a problem under heteroscedasticity as discussed in the text.
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Dependent variable:

RD;: Internal R & D expenditures (excluding the amount of public
support) of company i in year t

Explanatory variables (public support for R & D):

X;¢: Total amount of regional subsidies received by company i in
year t

X;*P: Total amount saved through partial exemption of the with-
holding tax on the wages

of researchers cooperating with a university, college or a scientific
institution

XYC: Total amount saved through partial exemption of the with-
holding tax on the wages

of R& D personnel in Young Innovative Companies (YIC)

X;51: Total amount saved through partial exemption of the with-
holding tax on the wages

of researchers with a List 1 degree (PhD in exact or applied sciences,
doctor degree in (veterinary) medicine or a civil engineering degree)

X;5'2; Total amount saved through partial exemption of the with-
holding tax on the wages

of researchers with a List 2 degree (Master’s degree except for
master in social or human sciences)

XErdt: Total amount saved through the tax credit for R&D in-
vestment

XFaent: Total amount saved through the tax deduction of 80% of
qualifying gross patent income

X; + X}: Total amount of support received by firm i that combines
support scheme j and k if X > 0 and X} > 0

X,2ormore; Total amount of support received by firm i that combines
at least three different types of public support. If a firm does not
combine three different types (or more) of support the variable equals
zero. In the estimation this group is split between firms that combine a
subsidy with at least two different tax benefits and firms that do not
receive a subsidy but combine at least three different tax benefits.

Control variables:

CF: Cash flow

Employees: Number of full time equivalent (FTE) employees

Age: Number of years since the company was incorporated

K/L: Capital intensity (tangible fixed assets per employee)

g error term (assumed to be randomly distributed with an ex-
pected value of 0 and a constant variance).

The dependent variable is total R&D expenditures reported by a
firm minus the total amount of public support for R & D received by that
firm. As pointed out by Cerulli (2010), if the amount of public support
is known, ‘own R & D’ (total R & D minus public support) should be the
target variable for the estimation of the input additionality of public
support. If ‘total R& D’ (R & D expenditures including support) is used
— which is the case in many empirical studies as data on the amount of
support is not available- the fact that support is included in the target
variable is a confounding element in assessing the effectiveness of
public support (Cerulli, 2010, p. 427; see also among others David
et al., 2000; Clausen, 2008; Zuniga-Vicente et al., 2014).

Estimation of Eq. (1) includes year dummies to account for year-
specific shocks and industry-year dummies to control for time-varying
industry-specific characteristics, following Aghion et al. (2012) and
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Eini6 (2014). Industry is considered at the two-digit NACE level.

In the interpretation of the estimates of the direct support variable it
should be kept in mind that, as the total amount of all regional subsidies
received by companies is considered, the variable on direct support
does not account for the potential different effects of specific pro-
grammes and possible differences across regions. Given the plenitude of
subsidy programmes, an evaluation of the complementarity between
different types of subsidies is beyond the scope of this paper.

As pointed out before, if the selection criterions of agencies that
provide direct support and the self-selection and autonomy of firms to
decide how much to invest in R &D and whether or not to apply for
public support are not accounted for, regression may result in a biased
estimate of the impact of public support. Henningsen et al. (2015)
considered the evaluation grades of applications by firms, for R &D
subsidies granted by the Research Council of Norway. Evaluation
grades appear to predict, to a large extent, R & D investment of firms.
However, the grades do not change much over time such that, at least in
the sample of Henningsen et al. (2015), unobserved project quality can
be absorbed by firm fixed effects. However, not all factors that can
induce a selection bias can be expected to be fixed over time. A possible
way to take into account the selection mechanism involved in public
support for R&D is a so-called selection model, which consists in the
estimation of two specifications, a selection specification and the actual
(structural) regression. The selection specification assesses which fac-
tors can explain why a firm receives support in a given year or not. The
estimation of this model provides variables (inverse Mills ratios) that
can be included in the specification of interest, the regression of private
R&D expenditures on public support. The statistical significance of
these variables will provide an indication on the relevance of the se-
lection bias. The original selection model, proposed by Heckman (1979)
considered a bivariate choice variable (for example, support or not),
which would reflect the possible outcome for a single instrument.
Busom (2000), Hussinger (2008) and Huergo and Moreno (2014) have
applied the two-step selection model in the context of evaluation of
public support for R &D. In our case, in a given year a firm can receive
direct support (subsidies) as well as one of six tax benefits. The selection
and self-selection involved in regional subsidies and federal tax in-
centives is likely to be explained by different firm and industry char-
acteristics. Rather than using a bivariate selection, four possible cate-
gories of public support are considered®:

e Firm receives no support for R &D

o Firm receives a subsidy but no tax benefit

e Firm receives a tax benefit but no subsidy

e Firm receives a subsidy as well as a tax benefit

A multinomial logit estimation provides estimates of the extent to
which right-hand side variables explain the probability of a given
company to receive public support (X denotes the vector of potential
explanatory variables and (3 the vector of corresponding coefficients).
The probability to belong to category i is given by:
eXE!

Pry=i)= ———
2 ¢

j=1 (2)

In a review of studies that estimate the probability of receiving
public support for R &D, da Silva (2014) enlists factors that are com-
monly considered. Firm size is often found to be a significant de-
terminant. Usually, larger firms are more likely to receive a subsidy
except for countries where agencies explicitly favour smaller firms. Past
experience in R & D as well as past participations in R & D programmes

8 In principle each individual tax support scheme can be considered as a separate ca-
tegory but, probably due to the small number of firms that benefit from some specific
schemes, such a specification provides poor results. Attempts with more categories result
in a failure to converge of the multinomial logit estimation.
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Table 2
Descriptive statistics by support scheme and combinations of schemes (2011).
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No support (# firms: 754) Subsidy (# firms: 89)

R &D cooperation (# firms: 41)

Young Innovative Companies (# firms: 37)

Mean Median Mean Median Mean Median Mean Median

R &D expenditures 472 126 1689 200 459 190 654 366
Total public support 0 0 123 84 29 19 65 40
Support rate 0 0 0.50 0.52 0.14 0.09 0.17 0.10

# employees (FTE) 71 24 96 16 54 19 20 6

Firm age 24 21 17 16 25 21 6 6

Cash flow 2611 317 5054 229 1632 762 —144 84
Capital/employee 68 32 64 26 103 31 30 7

List 1 (# firms: 73) List 2 (# firms: 115)

Tax credit R & D investment (# firms: 7)

Tax deduction 80% patent income (# firms: 6)

Mean Median Mean Median Mean Median Mean Median

R &D expenditures 1093 400 1180 278 606 354 524 230
Total public support 104 35 61 25 22 12 38 29
Support rate 0.13 0.10 0.13 0.09 0.03 0.01 0.23 0.15

# employees (FTE) 101 40 142 55 153 27 82 38
Firm age 22 19 24 21 17 9 29 29
Cash flow 3767 345 5473 644 5861 283 6450 3620
Capital/employee 60 31 62 28 60 43 117 74

Combination of two schemes (# firms:

Combination of subsidy and at least two tax benefits (#

Combination of more than two tax benefits but no subsidy

59) firms: 186) (# firms: 114)

Mean Median Mean Mean Mean Mean
R &D expenditures 2521 87 10,100 1415 11,600 1378
Total public support 226 125 1886 365 1422 1799
Support rate 0.22 0.12 0.35 0.25 0.15 0.10
# employees (FTE) 170 67 263 55 347 120
Firm age 24 20 25 18 27 22
Cash flow 6439 1286 26,700 940 30,600 2465
Capital/employee 50 28 51 28 116 29

Note: For individual policy instruments the statistics apply to those firms that only benefit from that specific support scheme. All amounts are denoted in 1000 euro.

are also known to raise the probability of receiving a subsidy. Other
factors that have been considered are the patent stock of companies
(number of patents raises probability of support) and firm age, for
which results are mixed. Human capital, as for example measured by
the share of qualified personnel, also seems to increase the probability
of receiving support. Foreign ownership, on the other hand, is in some
studies found to negatively affect the probability of support, which may
be due to a preference of agencies for domestic firms or research centres
of foreign companies being located abroad (da Silva, 2014, p. 10). The
variables included in the selection model are based on the determinants
listed by Takalo et al. (2013), da Silva (2014) and Huergo et al. (2016),
conditional on data availability. Lagged values of R & D expenditures
and public support are included in the first-step estimation of the se-
lection equation. Cash flow is included as a proxy for the extent to
which companies can finance R & D activities out of own funds. As the
regional agencies that grant subsidies in Belgium have specific pro-
grammes for SMEs, a dummy variable denoting whether a company is a
SME (less than 250 employees) or not is included as the exclusion cri-
terion in the first-step selection specification, following Takalo et al.
(2013) who use this dummy as exclusion variable in their estimation of
the returns to R & D subsidies, provided by the Finnish Funding Agency
for Technology and Innovation (TEKES). In addition, the variables de-
noting the amount of subsidies and the amount of tax benefits received
in the previous year are also considered in the estimation of the se-
lection model but not in the second-step estimation.

To assess whether (self-) selection affects the results of the actual
regression, Heckman (1979) computes the inverse Mills ratio from the
first-step selection specification. This ratio is then introduced in the
second-step estimation of the actual effects. Statistical significance of
the coefficient of the inverse Mills ratio indicates that ignoring (self-)
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selection of firms is likely to result in biased estimates. The original
bivariate Heckman model provides one inverse Mills ratio. In a multi-
variate context, (number of categories — 1) inverse Mills ratios need to
be computed (Dubin and McFadden, 1984), so in the case of four ca-
tegories three ratios need to be computed. The estimation of this study
therefore consists in two steps, first the estimation of selection speci-
fication (2) and consequently the estimation of specification (1) in-
cluding three inverse Mills ratio variables computed based on the first-
step estimation results. Industry-year dummies cannot be included in
the multinomial logit estimation. For this estimation only year, region
and industry dummies are considered.

4. Data and descriptive statistics

The R &D Policy Mix database was created by the Belgian Federal
Public Service Finance. In the database, information from the Belgian
biennial R & D survey, carried out by the Federal Science Policy Office,
is linked to data on the direct support to business R & D by the regions
and data on the tax incentives for private R & D activities provided by
the federal government. The database also contains firm-level annual
account and balance sheet information from Belfirst (Bureau van Dijk).
The data cover the period 2003-2011.

Table 2 provides descriptive statistics, for 2011, of the main vari-
ables in the dataset for those firms that responded to the R & D survey.
The table shows the mean and the median of own R & D expenditures
(net of public support); R&D intensity (R&D expenditures/value
added); the total amount of public support (subsidies and tax benefits)
received by companies; the support rate (total amount of support/R & D
expenditures); the total full-time equivalent number of employees; firm
age; cash flow and capital intensity (tangible assets per employee).
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Table 3
Descriptive statistics of variation over time (within) and over firms (between).
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Variable Mean Standard Deviation
R & D expenditures total 2983 20,000 Observations = 9146
between 11,600 Number distinct firms = 3109
within 5857 Average number of years = 2.94
Total amount subsidies (regional) total 68 425 Observations = 9146
between 230 Number distinct firms = 3109
within 224 Average number of years = 2.94
Total amount i.s.0. Amount tax support (federal) total 167 3409 Observations = 9146
between 1151 Number distinct firms = 3109
within 2776 Average number of years 2.94
Number of employees total 160 501 Observations = 8925
between 444 Number distinct firms = 3056
within 78 Average number of years = 2.92
Age total 23 19 Observations = 9136
between 18 Number distinct firms = 3105
within 2 Average number of years 2.94
Cash flow total 10,400 93,300 Observations = 8875
between 72,700 Number distinct firms = 3037
within 49,100 Average number of years = 2.92
Capital per employee total 84 1274 Observations = 8550
between 1506 Number distinct firms = 2906
within 277 Average number of years = 2.94

Time pattern

% of observations

000000011
000001100
000110000
100000000
011000000
000001111
000111100
000110011
000111111
011110000

23.32
16.48
11.76
9.17
7.06
4.83
3.08
2.05
2.04
1.49

Note: The table shows, for each variable, the total standard deviation around the mean, the standard deviation over firms (between) and the standard deviation over time (within). All
amounts are denoted in 1000 euro. The time pattern shows the share of observations for which R & D expenditures are available (denoted by 1) or not (denoted by 0) for each year in the

period of nine years.

Descriptive statistics are shown for firms that received no public sup-
port for their R & D activities in 2011 as well as for firms that received
support in only one specific scheme, firms that combined two support
schemes, firms that benefited from subsidies and at least two different
tax benefits and firms without subsidies that combined at least three tax
benefits.

The substantial difference between the average and the median
reveals that the skewness of public support parallels the skewness of
most firm characteristics. Most variables are skewed to the right, with
the mean exceeding the median. This reflects the fact that output and
R & D is concentrated in a small group of large firms in most industries.
The concentration is even more pronounced in R & D than in cash flow
or employment. A notable exception is the cash flow of Young
Innovative Companies. The average cash flow of firms that received
support in 2011 under this scheme is actually negative whereas the
median is slightly positive.

Young Innovative Companies — by definition- spend much on R&D
but often do not have much sales or even no sales at all. The negative
average cash flow reflects a group of Young Innovative Companies
known for their high cash burn rate, namely companies active in re-
search and experimental development on biotechnology. For this group of
firms wage-based tax benefits, such as the partial exemption from
payment of the withholding tax, are appropriate as these firms cannot
benefit from benefits provided through corporate income taxation.

From Table 2 it is clear that firms that do receive public support are,
on average, larger and older than firms that do not receive support
except for firms that receive a subsidy which tend to be larger but
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younger than firms that do not receive support and Young Innovative
Companies, which — not surprisingly- are younger and smaller than
non-supported firms or firms receiving other benefits.

Firms that benefit from two or more different support schemes are
by far much larger than all other firms, in terms of R & D expenditures,
public support, number of employees and cash flow. The support rate is
highest for firms that only receive direct support (funding rate is often
50% for research activities), not surprisingly followed by firms that
combine different support schemes.

Table 3 provides some indications of the variation in the panel, over
firms (between dimension) and over time by firm (within dimension).
For a meaningful fixed effects estimation (benchmark specification)
there should be sufficiently variation over time in the variables. There is
substantial between as well as within variation. Between variation
tends to dominate within variation except for the total amount of tax
support received by firms, for which the within variation is 2.4 times as
large as between variation. The table indicates that both dimensions of
the panel (cross-section and time) can offer valuable information and
that a fixed effects estimation is warranted. As suggested by the average
number of years for which data are available, around 2.9 for a possible
maximum of 9 available years, the panel is unbalanced. The bottom of
Table 3 shows the 10 most occurring time patterns of available data for
R &D expenditures with 0 denoting absence of reported R&D and 1
denoting that the data are available for the given year. For 23.32% of
observations, reported R & D expenditures is only available for the last
two years. The time pattern of availability for all years only comes in
11th position, covering 1.37% of observations. The time pattern could
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Table 4
Number of observations by group of firms in the selection model.
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Table 5
Determinants of receiving public support for R &D (2003-2011).

Group of firms Number of observations %

No support 3843 68.19
Only direct support 449 7.97
Only tax benefit 862 15.30
Direct support and tax benefit 481 8.54
Total 5634

reflect the distinction between stable R & D performers and occasional
R & D performers.

Arqué-Castells and Mohnen (2015) found, for Spanish manu-
facturing firms, that stable R & D performers are mainly large firms and
rarely small firms whereas occasional R&D performers are most
common among medium-sized firms. As the data on R & D expenditures
used in this paper are based on the responses of firms to the biennial
R & D survey, missing observations do not necessarily imply that a firm
did not perform R & D in the years covered by the survey but only that
they did not respond.

5. Estimation results

The first step of the estimation consists in estimating the determi-
nants of the probability that a firm will benefit from public support in a
given year. As pointed out in Section 3, four categories of firms are
considered. The group of R & D active firms that receive no support is
the benchmark group. The other three groups consist in, respectively,
firms that only receive direct support, firms that only benefit from a tax
benefit and firms that benefit from direct support as well as tax benefits.
As mentioned before, considering more categories of public support to
R&D (for example, by individual instrument) results in non-con-
vergence of the multinomial logit estimation, which is an iterative
Maximum Likelihood procedure. The non-convergence is probably due
to collinearity of categories with only a small number of non-zero ob-
servations. Table 4 shows that firms that receive no support form by far
the largest group. This is explained by the fact that a substantial share
of R & D active firms indeed do not apply for any public support but also
by the fact that federal tax benefits where only gradually introduced
over the period under consideration (starting in 2005). The years 2003
and 2004 are included in the sample to account for R & D activities in
the years before introduction of the tax benefits. For these years data on
subsidies provided by regional authorities are available and included in
the estimation.

Table 5 shows the results of the multinomial logistic regression of
the selection model specification (2). The dependent variable is a ca-
tegory variable reflecting four possible situations in terms of public
support for R& D in a given year: 1 (firm receives no support for R & D);
2 (firm receives a subsidy but no tax benefit); 3 (firm receives a tax
benefit but no subsidy) and 4 (firm receives a subsidy as well as a tax
benefit). The table shows the results for the latter three categories re-
lative to the benchmark group of firms without public support. The SME
dummy equals 1 for SMEs (employees < =250) and O for large firms.
The estimation considers region, industry and year dummies (not re-
ported). When industry-year dummies are included, the estimation
procedure does not converge.

The coefficients denote the relative risk ratio which reflects the
change in probability to belong to a group, relative to the benchmark
group, for a unit change in the explanatory variable, with the other
variables held constant. A coefficient above (below) one indicates that
the higher the given variable the higher the odds to belong to a given
group of public support relative to receiving no support. Taking, for
example, the statistically significant coefficient of 1.30 for the lagged
amount of direct support (regional subsidy) for the group of firms that
only receive direct support, it implies that a positive unit change in
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Subsidy — no tax  Tax benefit — no  Subsidy and tax

benefit subsidy benefit
Explanatory
variables:
Lag R&D 1.00 (2.95)*** 1.00 (3.25)*** 1.00 (4.12)***
expenditures

Lag regional subsidy 1.30 (21.45)*** 1.06 (3.10)*** 1.31 (14.57)***

Lag tax support 1.12 (2.50)** 1.80 (24.22) 1.87 (21.32)%**
Cash flow 0.96 (—0.62)*** 1.26 (3.88)*** 1.19 (2.19)**
SME (0/1) 0.66 (—1.85)* 0.91 (—-0.42) 0.84 (—0.63)
Number of 1.00 (0.01) 0.99 (—0.05) 1.11 (-0.91)
employees

Age 0.99 (—1.42) 0.99 (—1.62)* 0.98 (—2.19)**
Age2 1.00 (1.07) 1.00 (0.62) 1.00 (1.98)**
Capital intensity 1.13 (2.08)** 0.96 (—0.75) 1.01 (0.13)

Mc Fadden pseudo R-squared: 0.54
Number of observations: 5634

Note: The table shows the results of multinomial logistic regression. The dependent
variable is a category variable reflecting four possible situations in terms of public support
for R&D in a given year: 1 (firm receives no support for R & D); 2 (firm receives a subsidy
but no tax benefit); 3 (firm receives a tax benefit but no subsidy) and 4 (firm receives a
subsidy as well as a tax benefit). The table shows the results for the latter three categories
relative to the benchmark group of no support. The coefficients denote the relative risk
ratio which reflects the change in probability to belong to a group, relative to the
benchmark group, for a unit change in the explanatory variable, with the other variables
held constant. The SME dummy equals 1 for SMEs (employees < =250) and O for large
firms. The estimation considers region, industry and year dummies (not reported). *, **
and *** denotes that the coefficient estimate differs from zero at a statistical significance
level of respectively 10%, 5% and 1%. As the coefficients are relative risk ratios, a ratio
below 1 implies a negative t-value (reported in brackets).

lagged direct support increases the odds that a firm will receive a
subsidy but no tax benefit by 1.30 relative to the odds to receive no
support. The table clearly indicates the persistence in receiving public
support, for direct support as well as for tax benefits. Somewhat sur-
prisingly, SMEs have a lower probability to belong to the group of R & D
active firms that receive subsidies than to the group of R&D active
firms that receive no public support, although the effect is only statis-
tically significant at 10%. Despite some programmes that specifically
subsidise SMEs, this result suggests that SMEs with R & D activities are
inhibited to apply for subsidies or are selected less by funding agencies
in those programmes for which firm size is not a criterion. Given the
surprising result for subsidies and the fact that the SME criterion is not
relevant for tax benefits, this variable does not appear to be a good
exclusion variable. Dropping the variable does not change very much
the first-step or the second-step estimates. However, the two variables
denoting direct support and tax benefits received by firms in the pre-
vious year are statistically significant for all categories in the first-step
estimation. When these variables are also included in the second-step
estimation the coefficients are not statistically significant. This in-
dicates that they can be excluded from the second step and that these
variables are more acceptable as exclusion variables.

The coefficient for cash flow in the group of firms with only direct
support (0.96) seems to suggest that credit-constrained firms are more
likely to apply for and receive a subsidy whereas high cash flow in-
creases the probability of firms to receive tax benefits. All other things
equal, younger firms are more likely to receive a tax benefit than not,
explained by the specific scheme for Young Innovative Companies.

The results of the estimation of the selection model reveal that a
number of firm characteristics can explain the fact that a firm will re-
ceive a given type of support or combine support schemes. Although the
tax benefits provided by the federal government are not subject to
specific firm characteristics, except for the Young Innovative
Companies scheme, firm characteristics such as past experience and
support but also cash flow and firm age significantly explain whether
firms apply for and receive tax benefits for their R & D activities or not.
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Table 6
Results of the estimation of the policy mix of public support for R & D (2003-2011).
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Dependent variable (R & D expenditures net of public support)

Fixed effects Static panel

Fixed effects (weighed) Static panel System GMM Dynamic panel

Explanatory variables:
R & D expenditures net of public support (t-1) -
R & D expenditures net of public support (t-2) -
R & D expenditures net of public support (t-3) -
Individual support scheme:

Regional subsidy 0.06 (2.97)***

Research cooperation 0.08 (2.16)**

Young Innovative Company 0.05 (0.68)

List 1 0.03 (1.46)

List 2 0.09 (3.53)***

Tax credit R&D 0.02 (0.82)

Tax deduction 80% patent income 0.02 (0.67)
Combination of support schemes:

Regional subsidy + List 2 —0.11 (-1.20)

Regional subsidy + Tax credit R&D —0.04 (—-1.53)

Research cooperation + List 1

List 2 + Tax deduction 80% patent income

Combination of subsidy with at least two different tax benefits

Combination of more than two tax benefits (no subsidy)
Number of observations 5634
R-squared (within) 0.13

0.00 (0.02)

—0.11 (—2.12)**

—0.06 (—2.75)***
—0.06 (—2.57)***

- 0.92 (53.76)***
- —0.19 (—4.81)***

- 0.14 (4.09)***

0.13 (1.77)* 0.00 (0.06) - [0.01]

0.20 (1.56) 0.01 (1.11) - [0.11]

0.05 (0.28) 0.02 (0.64) - [0.18]
—0.05 (—0.55) 0.02 (1.91)* - [0.18]**
0.35 (2.95)*** 0.04 (2.99)*** — [0.28]**
—0.10 (—0.88) 0.02 (1.46) - [0.16]

0.30 (1.96)** 0.03 (2.09)** - [0.27]**
—0.87 (—3.12)*** —0.06 (—1.11) - [0.45]
—0.22 (—1.48) —0.06 (—1.69)* - [—0.42]
—0.51 (—=2.77)*** —0.01 (—-0.47) - [-0.06]
—0.28 (—1.88)* 0.10 (0.90) - [0.75]

—0.25 (—2.76)***
—0.33 (—3.00)***
5634

0.52

—0.04 (—1.90)* - [-0.31]*
—0.02 (—1.22) - [-0.13]
2115

Note: The table shows the results of an estimation of specification (1). The second column shows the results of a fixed effect (within) estimation of a log-log specification (logs of all non-
categorical variables). Four control variables (lag of cash flow, lag of number of employees, lag of capital per employee and firm age), year and industry-year dummies (except in the
dynamic panel specification) are included in the estimation but not reported. Also included but not reported are the three Mills variables resulting from prior estimation of a selection
model with four possibilities of public support (see text for details). The third column reports results of a panel estimation in which observations have been weighed by the inverse of
R & D expenditures (variance appears to be inversely correlated with the level of R &D expenditures). The last column shows the results of a two-step System GMM estimation of a
dynamic panel specification with three lags of the dependent variable included (as the panel is unbalanced orthogonal deviations are used to maximize sample size, see Roodman, 2009, p.
104). A two-step GMM estimation is more efficient than a one-step estimation and should not be confounded with the two-step estimation that consists in the multinomial logit estimation
of the selection model in the first step and the actual estimation of the impact of public support in a second step, as reported in this table. The long-run coefficients computed from the
system GMM estimation are reported in square brackets in the last column. *, ** and *** denotes that the coefficient estimate differs from zero at a statistical significance level of
respectively 10%, 5% and 1%. The t-values, shown in round brackets, are robust to heteroscedasticity and serial correlation (clustered by firm) and have been corrected for additional
variance due to the inclusion of the Mills variables, generated from the first step estimation, in the second step estimation (following Dumont et al., 2005).

From the selection model, three inverse Mills ratios can be com-
puted which are used in the estimation of specification (1) to account
for the selection mechanism in public support. Table 6 reports the re-
sults of the estimation of specification (1). Column II shows the results
of the estimation of specification (1) including the three Mills variables
resulting from the prior estimation of the selection specification. The
coefficients of the first and third Mills variable are statistically sig-
nificant in the second-step estimation. The selection bias thus seems to
apply especially to firms that benefit from direct support (only subsidies
or in combination with tax benefits), as compared to firms that receive
no support. This results indicates the need to account for the selection
of firms that receive subsidies, in the evaluation of the impact of public
support on business R & D.

Only variables of combinations of two support schemes are shown
for which the coefficient is at least statistically significant in one of the
three specifications. Given the highly skewed distribution of R&D ex-
penditures, specification (1) is log-log, in effect, all continuous vari-
ables are considered in log. Standard errors reported in Table 6 are
clustered (by firm) and therefore robust to heteroscedasticity and au-
tocorrelation. This does however not ensure consistency of the coeffi-
cient estimates under heteroscedasticity and autocorrelation. Specifi-
cation tests clearly indicate the presence of heteroscedasticity and
autocorrelation in the panel.’

In the context of the estimation of gravity models of international
trade, Santos Silva and Tenreyro (2006) pointed out the potential bias
due to heteroscedasticity in a log-log specification.

They show that the bias may be exacerbated if an arbitrary integer is
added to zero values in order to preserve these observations, as is the

9 Panel tests clearly reject the null hypothesis of homoscedasticity (xttest3) and no
serial correlation (xtserial).
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case in the log-log specification.'®

For this reason, column III shows the results of a weighed panel
estimation. As the variance of residuals is clearly inversely correlated
with the level of R & D expenditures, observations are weighed by the
inverse of average R & D expenditures.'’

The autocorrelation that is clearly present in the panel reflects
the persistence in R&D expenditures due to sunk costs and
learning-by-doing in R&D activities. Following Arqué-Castells
(2013), Arqué-Castells and Mohnen (2015) and Huergo et al.
(2016), Table 6 also reports the results of the estimation of a dy-
namic panel specification (including lag(s) of the dependent vari-
able).

Column IV reports the results of a two-step system GMM esti-
mation of a panel with three lags of R & D expenditures included, as
Arellano-Bond tests of autocorrelation indicate that at least three
lags of R & D expenditures need to be included to ensure that re-
siduals are not serially correlated and that the instruments are

10 As only firms with reported R & D expenditures are included, given the focus on
input additionality of public support to R & D, taking logs does not pose any problem for
the dependent variable. However, as firms without support are included as the control
group, 1 euro is added to the amount of support received by firms (zero for firms without
support).

11 A panel Generalized Least Squares estimation (STATA procedure xtgls) provides
similar results but almost all coefficients are statistically significant in this estimation.
Poisson Quasi-Maximum-Likelihood estimation, as Santos Silva and Tenreyro (2006)
propose for the estimation of gravity models, does not converge, even when rescaling the
continuous variables. In contrast with gravity models there are no zero values for the
dependent variable as only firms with reported R & D expenditures are considered. In a
linear specification, with all variables expressed in levels, only the positive coefficient for
regional subsidies and for the tax benefit for R & D personnel with a list 1 degree and the
negative coefficient of the combination of subsidies with at least two different tax benefits
is statistically significant (both only at 10%). The coefficients do not appear to be very
reliable and residuals diverge substantially from a normal distribution.
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Table 7
Bang for the Buck (BFTB) of public support for R & D (2003-2011).
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Fixed effects Static panel

Fixed effects Static panel (Weighted)

System GMM Dynamic panel (Short-run) [Long-run]

Individual support scheme:

Regional subsidy 0.45 0.93

Research cooperation 1.89 -

Young Innovative Company - -

List 1 - -

List 2 1.06 4.34

Tax credit R&D - -

Tax deduction 80% patent income - 0.18
Combination of support schemes:

Regional subsidy + List 2 - -7.77

Regional subsidy + Tax credit R&D - -

Research cooperation + List 1 -1.57 —-8.61

List 2 + Tax deduction 80% patent income - —47.82

Subsidy with at least two different tax benefits -0.11 —0.43

More than two tax benefits (no subsidy) -0.07 —0.40

(0.23) [2.12]
(0.65) [4.65]

(0.02) [0.19]

(=0.05) [-]

(—0.09) [-0.72]

Note: The table shows the Bang for the Buck (BFTB), an estimate of how much additional R & D expenditures result from one euro in foregone tax receipts due to public support received
by companies. The BFTB is calculated at the mean of net R & D expenditures and support for non-missing observations in the given specification. Only estimates of elasticity (from Table 6)
that are statistically significant (at least at 10%) are considered. In the last column the BFTB based on the short-run estimates from the system GMM estimation are reported in round
brackets, the BFTB computed with the derived long-run coefficients are reported in square brackets.

valid.’® The long-run coefficients of the public support variables,
which can be derived from the system GMM estimation (see, for
example Bun and Sarafidis 2015) are reported in square brackets in
the last column.

All three specifications in Table 6 provide robust indications of the
effectiveness of the partial exemption from advance payment of the
withholding tax for researchers with a master’s degree (List 2). The
statistical significance of the positive coefficient for regional subsidies
and the partial exemption from advance payment of the withholding
tax is not confirmed in the dynamic panel specification. The sig-
nificantly positive coefficient for the partial exemption from advance
payment of the withholding tax for researchers with a List 1 degree in
the static panel is confirmed in the dynamic panel but not in the
weighed estimation. The long-run coefficients of the dynamic panel
estimation exceed the short-run coefficients. The long-run coefficient
for the combination of regional subsidies and the R & D tax credit is not
statistically significant whereas the short-run coefficient is, although
only at the 10% significance level."

Due to the required inclusion of three lags of R & D expenditures in
the dynamic panel specification, the number of observations drops
substantially, from 5346 in the static panel to 2115 i.s.0. 1944 in the
dynamic panel. This is explained by the relatively small number of firms
with consecutive responses to the R & D survey, as clearly reflected in
the time pattern of available observations reported in Table 3. Only
firms that report R&D expenditures in consecutive biennial R &D
surveys will be included in the dynamic panel. Comparing the average
of variables for the group of firms that are included in the static panel
but not in the dynamic panel to the average for firms that are included
in both panels reveals statistically significant and very substantial

12 The STATA procedure xtabond2 which is used for the estimation of the dynamic
panel specification reports tests of autocorrelation and test of the validity of instruments
(instruments uncorrelated with errors). Roodman (2009) provides more details on the
xtabond2 procedure. For the Sargan test of over-identifying restrictions the null hy-
pothesis that the instruments are uncorrelated with errors is rejected but this test is not
robust. For all other tests the null hypothesis of valid instruments is not rejected. Tests
indicate autocorrelation of order 1, as expected in system GMM, but no autocorrelation of
higher order. One-step estimation (results not reported but available upon request) pro-
vide similar results. There are 412 instruments in the GMM estimation. Using the com-
mand “collapse” to reduce the number of instruments results in the rejection of most null
hypotheses of instrument validity.

13 The long-run coefficients, which are non-linear combinations of estimates, are
computed using the nlcom command in STATA. Statistical significance of short-run
coefficients therefore does not imply statistical significance of long-run coefficients.
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differences.'* Firms included in both panels are on average much larger
than firms that are only included in the static panel. The first group of
firms on average spend 5.9 million euro on R &D whereas the latter
group only spend 1.7 million on R & D. The statistical significance and
the magnitude of the lags of R&D expenditures clearly confirm the
persistence in R&D activities and calls into question the conditional
independence assumption of estimation procedures that fail to account
for past R & D activities. However, the difference in results between the
static and the dynamic panel specification seem to be not only ex-
plained by the acknowledgement of the persistence of R & D activities
but also by differences between firms that consistently respond to the
R & D survey and firms that only respond occasionally. The differences
seem to hint at the possible distinctive impact of public support on the
intensive margin (R&D active firms extending their R & D activities)
and on the extensive margin (non-R &D active firms that start per-
forming R &D) and the possible different impact between firms that
perform R&D on a permanent basis and firms that perform R&D oc-
casionally. Unfortunately, the data at hand do not enable a reliable
assessment of these distinctions.

Most coefficients of the variables reflecting the additional impact of
public support when firms benefit from two support schemes are ne-
gative but the statistical significance is not very robust over the three
different specifications. The only coefficient that is robust across all
three specifications is the negative coefficient for firms that combine a
subsidy with at least two different tax benefits.

Input additionality of public support for R & D is often measured by
the Bang for the Buck (BFTB), which denotes by how much private
R & D increases per monetary unit (for example, 1 euro) of tax receipts
foregone through public support (see, for example, Hageland and
Mpgen, 2007b; Lokshin and Mohnen, 2007; Ientile and Mairesse, 2009).
To provide a quantitative indication of the extent to which the in-
dividual support schemes and the combination of different support
measures affects business R & D, Table 7 shows the BFTB based on the
estimates in Table 6.

The BFTB is only computed for the coefficients that are statistically
significant, using the average of R&D expenditures and the average
amount of public support. As R & D expenditures are considered net of
public support, the reported BFTB are net measures. For example, the

14 Applying a t-test to the mean of the group of firms that are only included in the static
panel and the mean of the group of firms that are included in both panels, allowing for
unequal variance between the two groups.
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BFTB of 0.45 for regional subsidies in the fixed effects static panel es-
timation indicates that a 1 euro subsidy results in 1.45 euro additional
R &D expenditures or 0.45 euro additional R &D, net of the 1 euro
public support.

Most computed BFTB estimates fall within the range reported in
previous studies, except for some estimates from the weighted fixed
effects estimation. Especially for the variables reflecting the combina-
tion of support measures, the BFTB is too high to be credible. This casts
some doubt on the reliability of the weighted estimation results. The
results suggest that, at least for those individual support measures for
which input additionality is statistically significant, the combination of
different measures reduces the positive impact of public support but
only to some extent. Even when accounting for the negative impact of
the combination of support measures, the BFTB of individual support
measures remains positive. The most robust result is the decrease in
BFTB when firms combine direct support with tax benefits.

6. Summary and conclusions

There is a broad consensus on the importance of business R & D for
innovation, technological progress and economic growth and public
support is generally considered as necessary to optimize the level of
private R & D activities. Consequently, public support to business R & D
increased in most OECD countries over the past decade. Countries
however differ substantially in the extent of public support as well as in
their mix of support measures.

Recent review studies point at the effectiveness of individual mea-
sures of public support to business R & D but the impact appears to be
limited. Although most countries provide different support measures
(mostly at least direct as well as indirect support), surprisingly few
studies investigate the effectiveness of the combination of different
measures. Estimates of the impact of a single policy instrument may be
biased when other instruments are not considered in the estimation.
The availability of different support measures also raises the question
whether the combination of measures increases or decreases their ef-
fectiveness relative to their single use.

This study considers a panel of R & D active firms in Belgium, over
the period 2003-2011, to investigate the policy mix of available R & D
support schemes. Following the introduction of several tax benefits —
in addition to the substantial direct support provided by regional au-
thorities — Belgium has become the most generous OECD country in
terms of public support to business R & D relative to GDP. With regional
subsidies as well as several federal tax benefits, Belgium seems an ap-
propriate country to investigate the multi-level policy mix of public
support to business R & D. In contrast with most of the small number of
previous policy mix studies, this study uses a continuous variable for all
support measures, as information on the amount received by individual
firms is available. Dimos and Pugh (2016) point out that a binary
treatment variable, as used in most studies due to the lack of in-
formation on the amount of support, precludes a full assessment of the
additionality of support. This may explain the mixed indications —
even for the same country — on the effectiveness of the policy mix in
previous studies.

Estimates of the impact of public support appear to be sensitive to
the econometric specification that is considered, for example whether
past R & D expenditures are accounted for (dynamic panel) or not (static
panel). In line with previous studies, there is clear evidence of strong
persistence in R &D activities which need to be accounted for in the
estimation of the effects of public support to R&D.

This study provides robust indications that the combination of dif-
ferent measures decreases the effectiveness of public support in
Belgium. This result seems in line with the recent study for France by
Marino et al. (2016). If confirmed by other studies, this may go some
way to explaining the limited impact of direct as well as indirect sup-
port in raising business R & D, as found in recent review studies.

Guellec and van Pottelsberghe de La Potterie (2003) argued that a
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lack of coordination, between the administrative departments or
agencies that provide public support, may explain why direct support
and tax incentives appear to be substitutes for a panel of 17 OECD
countries. The fact that the most robust evidence of diminished effec-
tiveness of support in Belgium is found for firms that combine direct
support with several tax benefits, seems to provide indications of a lack
of coordination between the regional and federal authorities. Guellec
and van Pottelsberghe de La Potterie (2003) also point out evidence
that above a support rate of 20%, additional public support seems to
substitute for private funding of R & D. That the results in this paper
suggest that the effectiveness of public support in Belgium diminishes
for firms that combine several support schemes, could indicate that by
combining several incentives, these firms achieve a support rate above
the optimum. A qualified answer to this research question, for the
Belgian policy context, is however beyond the scope of this paper.

Of the six specific tax benefits for R&D that currently exist in
Belgium, robust evidence of effectiveness is only found for the partial
exemption from advance payment of the withholding tax on the wages
of R&D employees with a master’s degree. There are hardly any in-
dications that the two more traditional tax benefits that operate
through corporate income taxation (tax credit for R & D investment and
tax deduction of 80% of patent income) succeed in stimulating addi-
tional business R & D. These results corroborate the conclusion, of a
recent assessment of tax incentives for R & D, that tax benefits based on
the wages of researchers (as, for example, the partial exemption from
advance payment of the withholding tax) can be considered best
practice as they are likely to generate higher knowledge spillovers and
administration and compliance costs are lower than for other measures
of public support (European Commission, 2015: p. 7). Another ad-
vantage of wage-based tax benefits over more traditional benefits
through corporate income taxation is that R & D intensive firms that do
not have any profits (for example biotech start-ups) can also receive tax
benefits. This prevents a bias of public support, in favour of incumbents,
which may deter the entry of new innovative firms as pointed out by
Acemoglu et al. (2013).

Some limitations of this paper however caution for overhasty con-
clusions. The criterion to assess public support considered in this study
is input additionality, in effect, the extent to which public support
succeeds in raising R & D efforts of private firms. Potential effects on the
R &D behaviour of firms (for example, a shift from development to-
wards riskier research activities) or on the output of R &D activities
(innovation or increased efficiency), which rightly receive increasing
attention from scholars, is beyond the scope of this paper. Moreover, as
the period covered is relatively short, the results are likely more in-
formative of short-term than of long-term effects. Data over a longer
period would not only permit to assess the issue of the stationarity of
the time series and to distinguish between short-term and long-term
effects but also to evaluate possible differences in the impact of public
support between firms that raise their R & D efforts and firms that start
doing R & D or between firms that perform R & D on a permanent basis
and firms with only occasional R & D activities.

Public support is only one of the factors that firms consider in de-
ciding on their medium- and long-term R & D programmes and on the
location of their R & D activities. A stable policy framework is known to
be of crucial importance in these decisions so changes in public support
ought to be well-thought-out. The introduction of different tax benefits
may have been instrumental in the relatively strong increase in R & D
intensity in Belgium after 2006, even during the Great Recession
However, the fact that Belgium has become the most generous OECD
country in terms of public support to business R & D and the indications
of decreased effectiveness due to the combination of several support
schemes seem to suggest that some rebalancing may be warranted be-
tween the incentive for companies to apply for public support and the
budgetary cost and effectiveness of that support.

Borras and Edquist (2013) discern three categories of policy in-
struments: regulatory instruments (for example intellectual property
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rights and competition policy); economic and financial instruments and
soft instruments (for example recommendations or voluntary technical
standards). With regard to innovation policy, they list four categories of
activities that instruments can target: the provision of knowledge inputs
to the innovation process; demand-side activities (for example, creating
new product markets); the provision of constituents for innovation
systems (for example, creation of innovation networks) and support
services for innovating firms (for example, incubator activities). This
paper considers a limited mix of policy instruments, namely the dif-
ferent forms of financial public support to business R & D in Belgium. As
such the paper only evaluates the extent of complementarity between
financial instruments (second category of instruments) that aim at in-
creasing the provision of knowledge inputs (first set of innovation ac-
tivities). A comprehensive evaluation of the policy mix for innovation
clearly requires a more systemic assessment of the complementarity
between all existing policy instruments that aim to reinforce the in-
novativeness of a country. The idiosyncratic characteristics of national
and regional innovation systems warn against generalizations based on
analysis for a single country.
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