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ABSTRACT

The measurement of the effects that public support to private R&D has on R&D investment and output
has attracted substantial empirical research in the last decade. The focus of this research has mostly
focused on testing for possible crowding out effects. There is virtually no study aiming at understanding
how and why these effects may or may not be occurring. In addition, the effects of the two most common
tools of public support, direct funding through grants and loans, and tax incentives, have been studied
separately.

We contribute to existing work by focusing on the determinants of the use by firms of these two
mechanisms and their potential link to sources of market failures. We think this is an important step to
assess impact estimates. Using firm-level data from the Spanish Community Innovation Survey (CIS),
we find that firms that face financial constraints, as well as newly created firms, are less likely to use
R&D tax credits and more likely to apply for and obtain direct public funding. We also find that large
firms that care about knowledge protection are more likely to apply for and obtain direct funding, while
SMEs are more likely to use tax incentives. Our results show that direct funding and tax credits, as
currently designed, are not perfect substitutes because firms are heterogeneous, and suggest that
from a social perspective, and provided that crowding out effects can be ruled out for both instrur’
ments, some combination of both may be preferable to relying on only one.

Keywords: R&D subsidies, R&D tax credits, R&D, policy evaluation, CIS.
JEL classification. H25, L60, 038, O31.
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1. INTRODUCTION

Tax incentives and direct funding are two instruments currently used in many countries to stimulate
private R&D activity. Both belong to a broader package of measures addressed to enhance private
research and innovation activities that includes intellectual property rights, public funding of basic rel’
search and public provision of venture capital. While direct public funding of private R&D has a long
tradition in many countries, tax incentives have spread gradually, although with some exceptions.
Canada, The Netherlands and Japan rely mostly on tax incentives, while direct funding is still prel]
ferred Sweden, Finland or Germany. Other countries combine both instruments France, Denmark,
Spain and the United States fall in this category. Figure 1, shows OECD estimates of the relative
weight of each instrument as a share of GDP in 2009 by country.

Figure 1

DIRECT FUNDING AND TAX INCENTIVES FOR BUSINESS R&D 2009 (in % of GDP)
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Notes: Direct funding includes grants, credits and public procurement. Indirect funding refers to all tax incentives re(]
lated to R&D: tax credits and allowances, social security contributions, reductions in R&D labor taxes. Sub-national tax
incentives are not included. Israel, ltaly and Slovak Republic proved R&D tax incentives but cost estimates are not
available. For detailed information check the source.

Source: OCDE (2011a), OECD Science, Technology and Industry Scoreboard 2011.

The common argument for the provision of public incentives to private R&D activities rests on the posilJ
tive spillovers associated to the production of knowledge. There is by now a large body of empirical
evidence showing a gap between estimates of private and social returns to R&D at the firm, industry
and country level, providing thus a solid ground for policy measures. A second argument for public
support that adds to the first is the undersupply of funding for innovative projects. Technical and marl]
ket risk, coupled with asymmetric information between the innovator and the financial investor, gene-
rate a gap between the cost of capital for these projects and the market cost of capital. Since external
finance is more expensive than internal finance, only firms that have sufficient internal finance will
undertake some R&D projects.’

Which particular form public support should take to correct for these sources of market failure is, how(’
ever, a matter of debate. Do both instruments in practice address both sources of market failures? Are
there situations where one is to be preferred to the other? Or, in other words, is there an “optimal mix” of
both instruments? While there is substantial empirical research estimating the effects of each instrument
separately on private R&D decisions and outcomes (see for instance BLOOM, GRIFFITH and VAN REENEN,
2002 and LoksHIN and MOHNEN, 2011 for evidence on tax credits; and GELABERT, FOSFURI and TRIBO,

" HALL and LERNER (2009), who survey the evidence on the funding gap for investment in innovation, conclude that even in the
absence of knowledge externalities small and new firms experience high costs of capital; for large firms, however, the evidence
is mixed.
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2009 and CzARNITzKI, EBERSBERGER and FIER, 2007 for direct grants), to the best of our knowledge the
explicit comparative analysis embedded in the questions we raise remain virtually unexplored.?

This paper contributes a step in this direction by bringing into focus the comparative allocation of tax
credits and direct funding. We take the two traditional factors causing market failures in R&D, know-
ledge spillovers and financial constraints, and assume that if they truly affect firms’ decisions, they must
be perceived by firms as hurdles to potential innovation plans. We then study whether a relationship
exists between these hurdles and the use of each instrument, controlling for a set of factors. This step
may provide insights for interpreting the range of results that are obtained in impact evaluation studies.®

We use firm-level data from two waves of the Spanish Community Innovation Survey (CIS) to study
this question. We find that firms that face financial constraints to undertake innovation projects, as well
as newly created firms, are less likely to use R&D tax credits. SMEs that face this type of constraint,
however, are more likely to apply and obtain direct public funding. Regarding appropriability concerns,
large firms that care about protection are more likely to apply for and obtain direct funding, while SMEs
are more likely to use tax incentives. Our main results are robust to changes in the definition of dell
pendent variables and for most subsamples of firms.

These results suggest that direct funding and tax credits are not perfect substitutes. Firms that are
financially constrained but have good innovation projects need support to be able to carry them out
and obtain profits before being able to claim tax credits. Firms that face small limited appropriability
difficulties may find tax incentives more appealing than direct support because the cost of applying for
direct funding may be high compared to the chances of obtaining it when innovation is not very drastic.
Provided that crowding out effects can be ruled out for both instruments, some combination of both
would be preferable from a social point of view to relying on only one.

The paper is organized as follows: in the next section we review a selection of literature related to our
research questions. In section 3 we describe the data, variables and empirical model that will be used.
In section 4 we show and discuss estimation results. Finally section 5 contains concluding remarks.

2. PREVIOUS EVIDENCE AND SOME NEW PROPOSITIONS

Many theoretically possible policy instruments to address market failures affecting R&D may have
drawbacks. Direct public funding through subsidies or grants reduces the private costs of investing in
R&D, but places high information requirements for the public agency awarding them. Tax credits and
allowances may appear to be a neutral, simple and non-interfering tool, but the specific design is im[]
portant, as they may be claimed for projects that the firm would have been done anyway. Producing
empirical evidence evaluating the impact of both on a set of outcomes becomes very valuable for po-
licy design and improvement. Over the last ten years, a significant volume of empirical research to
assess the impact of either direct support or of R&D tax credits on the level of private R&D investment
has been developed. The main concern of most of this research has been testing for the presence of
full crowding out effects, which would imply a waste of public resources, but the impact on other out-
comes such as patents, productivity or sales of new products has also been analyzed.

With only a few exceptions (HAEGELAND and MOEN, 2007, BERUBE and MOHNEN, 2009 and MARRA, 2008),
however, the effects of each tool have been studied separately.® Tax incentives are usually modelled as

2 The comparative study of policy instruments is an important issue for policy-makers. See the testimony by the OECD for the
US Senate Committee on Finance, OECD (2011b).

3 To illustrate this point: assume that from firm-level data we obtain that there is no additionality in private R&D expenditure, and
that the share of sales of new products is not significantly different from non-supported firms. Should we conclude that the policy
is not effective? The answer depends on whether supported activities generate spillovers that are captured by the
firms’competitors. Since spillovers are one of the theoretical arguments for providing public support, allocation equations should
capture this concern to some extent.

4 HAEGELAND and MOEN (2007) find that the additionality of tax credits is higher than the additionality of grants awarded through the
Research Council and Innovation Norway, which would be consistent with the latter selecting projects with large externalities but
low private return. BERUBE and MOHNEN (2009), whose sample of Canadian firms contains firms that benefit from tax credits, a
subset of which received subsidies, find that those receiving subsidies introduced more new products and made more world-first
product innovations. These authors estimate program participation equations that do not include indicators of financing constraints
or of spillovers. MARRA (2008) estimates an R&D investment equation and finds that both instruments increase private investment.
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part of the user cost of capital in standard investment models, where the estimated R&D price elasticity
provides a measure of the impact of tax incentives. Bloom, Griffith and Van Reenen (2002) used country(]
level data and found an elasticity of about 0.1 in the short run and about 1 in the long run. Firm level stull
dies have followed since, and some cast a somewhat skeptical view on this type of R&D support, at least
for level-based tax incentives. In particular, Lokshin and Mohnen (2011), using a Dutch panel of firm level
data, obtain elasticities of 0.4 and 0.8 respectively. They also find that elasticities are larger (in absolute
value) for small firms (less than 200 employees) than for large firms. Using these elasticities they estimate
that 1 euro of tax receipts foregone generates 3.2 euros of R&D by small firms, 0.78 euros for large firms.
For large firms therefore crowding out cannot be rejected.> They suggest that small firms may be more
sensitive to tax incentives because they are more likely to be credit constrained, but do not test this
proposition.

The purpose of this modelling approach is to explain R&D investment as a function of its price, and
provides a framework for testing crowding out effects, which is an extremely important issue. But it is
not designed to ask which firms are more likely to use tax incentives, and in particular whether incen(
tives allow firms that were not doing R&D to switch to doing R&D. Answers to these questions could
offer valuable insights for interpreting estimated elasticities.

A different empirical approach provides a way to test this, although it has not been fully exploited.
Rather than using a structural approach, some researchers have used matching methods to obtain an
estimate of the impact of tax credits on some outcomes. This method requires controlling for program
participation (selection into treatment) in order to be able to compare the outcomes of treated and
untreated firms, and involves therefore the estimation of a program participation equation. Even
though this is usually done as a purely technical step, results may contain valuable information for
policy evaluation if the equation is adequately specified. CORCHUELO and MARTINEZ ROS (2008), and
CzARNITZKI et al (2011) provide two examples of this approach.® CORCHUELO and MARTINEZ ROS, using
Spanish firm-level data, find that small, financially stable firms (those with a ratio of equity over debt
higher than 0.5) are more likely to use tax credits.” These results suggest that this type of support is
more appealing to small unconstrained firms rather than to constrained firms. CZARNITZKI et al use a
sample of Canadian firms and include the price-cost margin as an indicator of the firm’s internal fun-
ding capacity in a probit model of the probability that a firm will use R&D tax credits. They find a posil]
tive relationship, although it is not evident how to interpret this result in terms of financial constraints,
partly because in their sample there were firms that had also received R&D grants and they all clail]
med tax credits. Appropriability indicators as a potential determinant of the use of public support are
not considered in all this work.

Research on the impact of direct funding (grants and loans) is extensive and shall not be thoroughly
reviewed here. The main point of interest for our purposes is that regardless of the modelling approach
(whether structural or non-structural methods), some program participation equation is estimated. As
before, this is usually taken as a purely technical step to proceed to matching treated and non treated
firms. Generally, firm size, industry dummies, and other firm characteristics are typically included in the
equation, but no link is made to indicators of market failures. In some cases, an indicator of the firm’s
financial situation is included among the control variables. HUSSINGER (2008), for example, uses a credit
rating index, and finds that firms with better rating are more likely to obtain direct public funding in Gerr’
many. CZARNITZKI et al (2007) use an indicator of appropriability, but do not include indicators for funding
constraints.

Possibly the work closest to ours in the interest for linking impact evaluation to the presumed market
failures is GELABERT, FOSFURI and TRIBO (2009), who find evidence that the degree of appropriability
matters in explaining the magnitude of the effect that direct public support has on privately financed
internal R&D. Although their focus is on the estimation of the additional private R&D investment gene-

5 They use the estimated elasticities to run some simulations to calculate the additional R&D investment generated by the tax
incentive and the foregone tax income, finding that the government revenue loss is much larger than the increase in private
R&D. From this the authors conclude that potential spillovers would have to be very large in order to compensate for the dead(!
weight loss.

6 See CAPPELEN et al (2008) for work with Norwegian data, and DUGUET (2010) with French firms.

7 CORCHUELO and MARTINEZ ROS also include the lagged B-index in the separate equations for small and large firms, finding
that it affects the use of tax credits by large firms, but not by SMEs.
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rated by public support, they estimate a program participation equation where indicators of appropria-
bility and financial constraints are included. Only the latter is found to be significant, although with a
negative sign: contrary to expected, firms with more financial constraints are less likely to obtain direct
support. The authors, however, do not explicitly address the link between indicators of market failures
and the comparative use of the two forms of support, direct subsidies and tax incentives.®

Our work, therefore, adds to the existing body of research by explicitly seeking to test whether there is
a correlation between the two potential sources of underinvestment in R&D and the actual use of dilJ
rect support and tax incentives. The different nature of both tools in some relevant dimensions, and
the different degree of public involvement associated to each, set the stage for anticipating heterogel’
neous effects both across tools and across firms.

A focus on the allocation and use of two types of R&D support.

Some differences in the design of direct funding and tax incentives may have an impact on who benel’
fits from each as well as on some outcomes. Direct public funding is obtained by a firm only if the firm
presents an application to the public agency and the public agency decides favourably after screening
the proposals. The requirements explicitly and publicly set by the public agency are usually related to
the innovative content of the proposal, the technical ability of the firm to carry it out, and the potential
market.® The agency may have additional preferences for some industries or type of innovation prol’
ject: it may consider, for instance the expected spillovers generated by the project, or the extent of
financing constraints faced by the firm, but these do not seem to be made explicit in national-level
programs. The firm runs the project once funding has been approved. Funded projects will reflect both
firm and agency preferences: firms will be interested in projects that are profitable after taking into
account public support, but by determining the size of this support the agency may select projects that
have social value but low private value. There are two drawbacks: 1) applying for direct support has a
cost for the firms since preparing a proposal takes time and resources that have an opportunity cost
which may not be small for SMEs, and 2) screening for appropriate projects has a cost for the public
agency as well.

Tax credits, on the other hand, do not require the presentation and approval of a specific project. A
firm may claim a tax credit on any expense that qualifies as a research and development expenditure
according to the tax code. The only requirement usually is for the firm to follow proper accounting rules
for this type of expenses. A firm will obviously tend to select R&D projects that have a high private
profitability. Claiming the credit is relatively easy if the firm fulfills these conditions, because it does so
when filing for the corporate tax in period t+1. To be able to benefit from a tax credit, however, the firm
must have positive taxable income. Although possibly less costly for firms, this mechanism involves
some monitoring costs for the tax authorities. In addition, nothing guarantees that the size of the tax
credit will be related to the equivalent optimal subsidy if spillovers are an important issue.

A potentially important difference between both tools is that, in the case of tax credits, the firm must be
able to privately fund the project ex-ante, and expect to have taxable income during the same period
or within a reasonable horizon. New and small firms may hence be at a disadvantage to benefit from
this instrument. An additional difference is that tax credits may be pro-cyclical, in contrast to direct
support.

There is virtually no theoretical model of firms’ and agency behaviour regading R&D subsidies. Two
exceptions are TAKALO and TANAYAMA (2010) and TAKALO, TANAYAMA and TOIVANEN (2011), who focus
on direct support. The first is a theoretical paper linking firms facing constraints to finance their R&D
projects, some of which are high quality and others are low quality, and subsidy allocation. The model
predicts that firms with high quality projects will always apply for funding, and that subsidies will in-
crease private effort through two effects: 1) by reducing the amount of market based capital, they rel
duce its cost, and 2) the subsidy becomes a signal of quality for private external funds, which again

8 GONZALEZ, JAUMANDREU and PAZO (2005) provide an excellent analysis of subsidy effectiveness, but do not study the role of
appropriability and financing constraints.

® See HUERGO and TRENADO (2008).

— 10—



Instituto de Estudios Fiscales

then reduces their cost.” In the corporate taxation literature, KEUSCHNIGG and RiBl (2010) discuss how
business taxation may affect financially constrained innovative firms, and find that R&D tax credits
encourage innovation but also relax finance constraints and help innovative firms to exploit investment
opportunities to a larger extent.

The description of these differences between R&D tax credits and direct support and the theoretical
analysis of TAKALO and TANAYAMA and of KEUSCHNIGG and RiBI suggest some intuitive propositions rer]
garding the observed use of each mechanism. The core propositions we want to test are the following:

1. Tax incentives can be considered to be a prize after the investment; they will therefore be more
attractive for firms without severe internal or external financing constraints.

2. Direct public funding will be preferred by firms that face financial constraints because this tool pro-
vides ex-ante co-financing of projects and, in addition, may allow the firm to rise more private funding
after being awarded a grant or loan.

3. Firms with projects facing substantial appropriability problems will prefer direct funding rather than
tax incentives. When projects produce quickly imitable innovations, the firm may not expect they
will produce a significant stream of profits, nor, consequently, a significant tax credit.

4. Firms engaging in projects with small appropriability problems will prefer tax incentives to direct
funding, especially if the cost of applying for direct funding is relatively high relative to the expected
grant, and the expected probability of being awarded a grant is small.

5. New or young firms that intend to innovate are more likely to apply for and obtain direct support
than use tax incentives, because they usually are more affected by financial constraints or have little
taxable income.

There are obviously other factors that may affect a firm’s decision to apply for or use public support for
R&D. These include all those shaping the incentives to innovate and/ or perform R&D, such as market
structure. In particular, in industries with an established dominant firm the incentives for rival’'s R&D may
be reduced (CABRAL and POLAK, 2007). Competitive pressure, vertical integration, sunk entry costs and
market size may also affect the profitability of engaging in product or process innovations (AGHION et al.,
2005 and 2009; ARTES, 2009). Some of these factors may be partially taken into account in our empirical
analysis. We now turn to the description of the most relevant features of our data.

3. EMPIRICAL DESIGN: DATA, VARIABLES AND ECONOMETRIC APPROACH

3.1. The data

The PITEC is a firm-level panel data set developed by the Spanish Statistical Office (INE) based on
the Community Innovation Survey, which in Spain is conducted annually. This data base collects in[’
formation related to innovation activities by firms with more than 10 employees from all manufacturing
and service industries. Spanish firms have a legal obligation to respond to questionnaires submitted
by INE, and the response rate is high (around 90%).The sample is highly representative of large firms
(those with 200 or more employees). It also contains a large number of firms with less than 200 em(]
ployees, but in this case the sample is biased towards innovators."

We use data from the surveys conducted yearly from 2005 to 2008. It is important to note that some
questions refer to a three year period (2003-2005; 2004-2006; and so on) and some to the year previous
to the survey. Examples of the first type of information are geographical market of the firm, introduction
of new products and/or processes, information sources, cooperation to innovate, barriers to innovation,
use of public support to innovate and use of intellectual property. Examples of the second type are the

© TAKALO et al (2011) model the subsidy allocation process as a game of incomplete information; their main purpose is to
estimate the expected return on subsidies for the agency.

" This is so because all firms that have received any form of public support for R&D or those that have reported R&D expenses
in the current or past years are surveyed every year. The remaining surveyed firms come from a random sample stratified by
size and sector among non-R&D performing firms.
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number of employees, sales volume, exports, innovation expenditures by category (in-house R&D and
others), and sources of funding for in-house R&D. A distinctive characteristic of this survey is the avai-
lability of qualitative information on barriers to innovation as perceived by the firm, as well as on the im[]
portance of several sources of information for the firm’s innovation process.'.

Tables 1 and 2 describe some features of the sample related to public support for business R&D. Be-
cause of the different population representativity, we distinguish along the whole empirical analysis
between SMEs and large firms. The last two columns in Table 1 provide information on the extent of
the bias towards innovative firms in our sample relative to a representative data source for manufacl’
turing firms frequently used in empirical work, the ESEE. The table shows that for large firms both data
sources are very similar in terms of the share of firms that invest in R&D or use R&D support. In the
case of SMEs, about 50% of firms in the PITEC sample invest in R&D against 24% in the ESEE sam(!
ple. SMEs using public support are also overrepresented in PITEC. However, an important advantage
of PITEC relative to ESEE is the larger sample size, a feature which becomes important for estimation
purposes.' Table 1 also shows that, according to both data sources, the use of tax credits is more
widespread than direct support, particularly in the sample of SMEs, and that overall large firms benefit
proportionally more from both tools.

Table 1
PUBLIC SUPPORT TO PRIVATE R&D
L PITEC ESEE
Manufacturing firms

Small Large Small Large
Total number of firms in the sample in 2008 4503 1074 1512 493
% firms invest in innovation in 2008 (a) (includes R&D and other
innovation related expenditures) 64.5 79.6 n.a. n.a.
% firms invest in R&D in 2008 (in-house and/or external contracting) 57.8 72.5 23.7 70.6
% firms introduced new products/services in 2006-2008 57.9 74.4 n.a. n.a.
% firms introduced new products, services or new processes in 2008 75.8 84.3 29.3 59.4
% firms that received direct support from the Central Administration in
2008 (a) 8.3 19.2 3.4 20.0
% firms obtained tax incentives in 2008 (b) 21.5 34.6 71 31.7
% firms used both types of support in 2008 (b) 41 10.6 1.8 12.5
% firms benefiting from tax incentives that also received direct sup(]
port in 2008 (b) 19.2 30.6 25.0 39.4
% firms having direct support that also claimed tax incentives in
2008 (b) 49.5 55.3 52.7 62.5
% firms received direct support from the Central Administration in
2006-2008 (loans and grants) 15.7 34.1
% firms obtained tax incentives in 2006-2008 26.8 445
% firms used both types of support in 2006-2008 8.5 23.6
% firms benefiting from tax incentives that received direct support 31.7 53.1
% firms benefiting from direct support that also claimed tax incentives
in 2006-2008 54.2 69.4

(a) Definitions: Innovate = firms that introduce at least one product, or process or service innovation in the period 2006-2008;
Invests in Innovation = has positive investment during 2008 in any of the following categories: in-house R&D, external R&D, acquisil’
tion of equipment or software, acquisition of external knowledge, training, design and market introduction of innovations.

(b) In the case of PITEC, the total number of observations may vary for some of the annual variables: in 2008, the number of
SMEs is 3912 and the number of large firms is 933.

2. The Community Innovation Survey has been widely used in many policy evaluation studies.

3 Note for example that according to the information in Table 1 in 2008 only 12% of large firms in the ESEE sample used both
tax credits and direct support, that is, 61 observations maximum, while in the PITEC sample there are about 110 observations.
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Some questions in the survey are of particular interest because they provide indicators that can be related
to potential sources of underinvestment in R&D. Firms are asked to rank a series of potential barriers to
innovate according to the degree of importance they have for the firm. In particular, the barriers they are
asked about are, among others, financing constraints, both internal and external, and demand uncertainty,
which be associated to market failure in the financial market for R&D projects. Quite surprisingly, the list of
questions does not include any related to a firm’s concern for imitation by rivals, which would provide an
indicator of potential spillover effects. Two surveys, the Yale survey (LEVIN et al 1987) and the Carnegie
Mellon Survey (COHEN, NELSON and WALSH, 2000) conducted in the US were designed to obtain
information about the firms’ view about the effectiveness of some appropriation mechanisms: legal
(patents, trademarks, design or copyright), secrecy, and others (lead time, complementary manufacturing
or services), and in some early editions the CIS survey contained similar questions.' The current version
of the Spanish CIS, however, includes only questions about the actual use of legal protection mechal’
nisms. Finally, the item "market dominated by established enterprises" points to one feature of market
structure that may affect potentially a firm’s decisions, as predicted by some theoretical models (CABRAL
and PoLAK, 2007). Table 2 describes manufacturing firms’ perceptions about barriers to innovation.

Table 2

PERCEIVED CONSTRAINTS TO INNOVATION IN THE PERIOD 2006-2008
A. MANUFACTURING FIRMS

SMEs
‘D High @ Medium 0O Low O Not relevant
High innovation cost 39.6 | 31.6 [ 140 T 149
Lack of internal finance | 380 | 30.7 [ 166 1 1438
Lack of external finance 35.2 I 303 167 T 178
Uncertain demand for innovative goods or services 265 I 346 I 210 [ 179
Market dominated by established businesses i 277 T 316 I 247 T 220
Difficulties in finding partners 1377 221 I Z27.0 I 372
Lack of qualified personnel 1351 CL:ov:3 I 303 I 219
Lack of information on markets [ZIOLOT 303 I 37.6 I 22T
Lack of information on technology [T9I6TT 330 I 359 T 2T
Lack of demand for innovation [EBI——I56 T 28,7 T 289
No need due to prior innovations T 153 7 28.7 I 5.3
T T T T
0% 20% 40% 60% 80% 100%
Large Firms

‘D High @ Medium O Low O Not relevant

High innovation cost 237 I 325 I 238 199
Lack of internal finance | 209 1| 34T I ‘ 2438 T 202
Lack of external finance | 1991 305 I 225 I 250
Uncertain demand for innovative goods or senices 1721 343 I 258 T 227
Market dominated by established businesses 5z o I 3TE T 272
Difficulties in finding partners [EBT—2z =T 35 - 370
Lack of qualified personnel :b ]l 278 I 40.0 : T 26.3
Lack of information on markets g 240 I 230 I 280
Lack of information on technology 50 25 G I 22T ; T 258
Lack of demand for innovation [G2I-I9T 278 T : 54T
No need due to prior innovations AE=IIT — 288 I : 55.9
T T T T
0% 20% 40% 60% 80% 100%

Lack of internal and external finance, together with uncertain demand, are the barriers more often
perceived as important. SMEs are more sensitive to these than large firms, as well as to access to

* These data have been used for example by COCKBURN and GRILICHES (1988) to study the stock market’s valuation of R&D
and patents, and more recently by DUSHNITSKY and LENOX (2005) CECCAGNOLI (2009).
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information on markets or technology. It is worth noting that the simple correlation among the first
three barriers is high, while it decreases across the remaining barriers. For large manufacturing firms,
the correlation between the importance of internal and external funding is 0.71 (for SME is 0.74) while
the correlation between the importance of lack of funding and knowledge factors is around 0.4. We
have checked whether firms change their perceptions of barriers between the 2005 and 2008 surveys,
and find that about half of the firms keep the same perception. Almost all that change their answer do
so only moderately (they may change from level of importance "high" to level "medium”, but very few
change from level "high" to "not relevant".

3.2. Key variables

We use two waves of PITEC: PITEC 2005, where some of the explanatory variables of interest refer to
the period 2003-2005, and some to year 2005, and PITEC 2008, where variables refer either to the pel’
riod 2006-2008 or to year 2008. In order to be able to deal at least partially with potential endogeneity,
we use most explanatory variables from PITEC 2005, while dependent variables are from PITEC 2008.
We describe next the definition of each variable, indicating in brackets the name assigned to the variable
in the tables showing estimation results.

Having claimed tax deductions for R&D and obtaining direct support are our two dependent variables.
For Tax Incentives, we define a binary variable which equals 1 if the firm declares having claimed tax
credits any or all of the years in the period 2006-2008. We believe that since tax credits are subject to
carry-forward provisions, using a number of years may provide a more accurate description of behavior
than using yearly data. In addition, questions about direct support also refer to a three year period. We
nevertheless test for the sensitivity of results to changes in the definition of the dependent variables.

Direct support. We define a binary variable which equals 1 if the firm has applied for and obtained
direct funding from the Central Administration in the period 2006-2008. Although firms may obtain
direct support from local, central or European administrations, we consider that, since tax incentives
are defined at the country level, the appropriate funding source they should be compared to is Central
government support.’® Note that the survey does not provide information on whether a firm applied for
but did not obtain direct support. The observed outcome will therefore capture not only the firm’s decil]
sion but also the public agency’s preferences.

Financial constraints. As shown above, firms report the degree of importance of lack of access to in(]
ternal and to external financing as a barrier to innovation. Because of the observed high correlation
between both barriers, we define a single binary variable which equals 1 if the firm considers that eill
ther of them has high importance as a barrier in the period 2003-2005. [obfin5]

Appropriability. 1t is difficult to measure the degree of ex-ante appropriability of R&D investments, in
order to test the extent to which it may deter innovation. We know appropriability matters because we
observe that firms use the patent system and that there is patent litigation activity. In much existing
work, the standard indicator of appropriability has been the use of protection mechanisms. We also
take this approach and define a binary variable which takes the value of 1 if the firm has used any of
the legal protection mechanisms (copyrights, trademarks, design or patent) in the period 2003-2005
[protect5]. Although this variable might capture past innovation experience, we also will include, as a
control, past in-house R&D [idin5], so that we expect that the use of protection methods in the past
captures the concern the firm has for potential imitation.

We will also use answers to a question about the importance that the firm gives to information from com’
petitors as a source of ideas for innovation in the period 2003-2005 [Infocomp5] to construct a second
indicator of spillovers. Although meant to capture incoming spillovers (CASSIMAN and VEUGELERS, 2002),
it may also capture the extent of rivalry in the firm’s industry.'® It is interesting to note that only 14% of
firms in the sample admit that information from competitors is of high importance to the firm.

'® There are in Spain 17 regional governments that also provide support for innovation. Although none uses tax incentives, they
may provide direct support. Eligibility criteria may differ across regional agencies. See BLANES and BusoM (2004).

'® Note that in all CIS surveys only innovating firms are asked to answer this item. CZARNITZKI et al (2007) also used this ques!’
tion to construct an industry-level index of appropriability.
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Dominant Firm. To capture the possible disincentive effect that the existence of an established domi(’
nant firm may have on other firms, we define a binary variable which equals 1 if the firm considers that
this is a barrier of high importance. [obdomin5]

New firm. Because young or newly created firms may not have much taxable income, and at the same
time, may face financing constraints because they lack reputation, we expect them to be less likely to
use tax incentives when intending to generate and introduce innovations, and more likely to apply for
direct funding. We define a binary variable to represent a new firm in 2003-2005. [New firm5]

Other barriers are also included in the empirical specification, although they are not the main focus of
this research. They are introduced as binary variables, where the value is equal to 1 if the firm consi-
ders that a particular barrier is of high importance [obpers5, obinfor5].

Regarding the set of questions on barriers, it is important to note that several studies that have used
CIS data for different countries have obtained counterintuitive results. One of the most recently exam(
ples is found in a study by the OCDE (2009), which reports the results of a multi-country effort to find
regularities in the probability that a firm will innovate and the effects of innovation on productivity."”
The surprising result from the OCDE study is that it finds for most countries a positive association
between most barriers and the probability to engage in innovation.

A possible explanation that has been offered is that innovative firms become more aware of the difficul
ties associated to innovating than non-innovating firms. This interpretation suggests that self-assessment
of barriers may be endogenous to innovative behavior, particularly because in these studies barriers and
innovative behavior refer to the same period. An additional problem is that there may be individual(]
specific heterogeneity in subjective evaluations: some mangers may tend to be optimistic, while others
pessimistic. Subjective self-evaluations and subjective expectations, however, are increasingly used in
empirical research in other fields.'® We address these concerns by i) using lagged indicators of barriers
and ii) including an additional control variable that aims at capturing the firm’s overall perception of diffil)
culties, which is computed as follows: we add the rankings given by the firm to all barriers, and rescale
so that it takes values in a 0 to 1 scale [obstAll5]. Larger values indicate that a firm perceives a high
overall level of barriers.' We expect that this variable will capture the awareness effect, so the impor_
tance of individual barriers may be isolated from the firm’s overall individual-specific perception.

3.3. Control variables

The survey included in 2008 a new question related to tax incentives. Each firm was asked whether it
took into account existing tax incentives when planning its potential R&D investment. We believe that
the answer captures the managers’ view on the strategic importance of R&D for their firm. Lacking
other indicators of managerial characteristics that might be relevant for innovation decisions, we in(]
clude this binary indicator as a control variable (plantax).?

We include a measure of technological distance of the firm relative to the mean of it sector of activity.
The idea is that incentives to innovate are affected by the firm’s position relative to the technological
frontier, as shown in AGHION et al., 2009. Manufacturing is classified into 30 subsectors, and for each
we compute the average labor productivity as sales per employee. We then divide each firm’s labor
productivity in 2005 by the average of its sector (Idistprod5).

We include several variables to control for heterogeneity across firms, most of them binary. Past R&D
activity [rdin5], belonging to a group [group5], being a private domestic firm [privdom5], being an exporter
[bexp5], location near a science or technological park [park], regional location and industry dummies
capturing technological intensity [high, medium high, medium low and low]. We also include as control

7 The same type of firm-level data source and methodology were used for each country; the data being of a cross-section
nature.

'8 See for instance ZAFAR (2011).
® We later check for the robustness of estimates to alternative ways to control for these potential biases.

20 Note that taking into account tax credit incentives does not predetermine claiming them. Although most firms that do not take
them into account do not claim tax credits, 56% of SMEs and 60% of large firms that do take them into account do not claim
them. The Pearson correlation between the two variables is .28 for SMEs and .30 for large firms.
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variables size, measured by the log of the number of employees (Isize5); human capital, measured by
the proportion of employees with a higher education degree (humcap5), and the age of the firm (age5).

Table A1 in the Appendix shows the main descriptive statistics for these variables, for SMEs and large
firms. Regarding the appropriability measures, we note that around 35% of firms declare having used
legal protection mechanisms in 2003-2005. We find surprising, however, that only 14% of firms,
whether large or SMEs, consider information from competitors to be of high relevance for their innovar’
tion plans. To put this number in perspective, we can compare it to the percentage obtained in the
German and French CIS surveys. According to Eurostat, in Germany 17% of manufacturing innovative
firms considered this source to be highly important in 2008, against 11% in Spain’s (percentages in-
crease slightly with firm size) and 9% in France. Regarding the importance of conferences, trade fairs
and exhibitions, the percentages were 18% for German firms, 5% for Spanish firms, and 10% for
French firms. One possible interpretation of these differences is that innovation management and style
differ across countries even among innovative firms.

3.4. Econometric approach

Given that we observe whether a firm obtains or not direct support, and whether it uses or not tax in(]
centives, we specify a model with two binary dependent variables. We use a bivariate probit model
because it allows for correlation between the random terms across alternatives and is less restrictive
than a multinomial model. In addition, a bivariate probit model possibly captures more accurately the
decision process by the firm. Tax filing periods may not be the same as grant application and granting
periods; in addition, firms may not be able to anticipate their tax position when applying for direct fun-
ding. Hence we believe that a multinomial logit approach would not be appropriate in this case.

There will be four possible situations a firm can be in: no support (0,0), no grant but claims a tax credit
(0,1), gets a grant but does not claim a tax credit (1,0) and both gets a grant and claims a tax credit (1,1),
and therefore four sets of corresponding predicted probabilities, as well as four sets of marginal effects.

The model is the following:

S=1if S*=bgX+eg4>c, )
S = 0 otherwise
F=1 if F*=biX+e;>h,

)

F = 0 otherwise

Several types of marginal effects may be computed: the marginal effect computed at the mean value of
explanatory variables, the marginal effect computed at a representative value of the explanatory variables,
and the average marginal effect, which is the average of the marginal effect at each x. For policy analysis,
usually the latter is recommended (CAMERON and TRIVEDI, 2009), so these will be our reported results.

We drop from the sample those firms that declare not having an interest in innovating as the main
reason for not innovating, because we want to focus on the role of barriers for firms that do have a
potential interest for innovating, thus distinguishing between behavior resulting from preferences from
behavior resulting from perceived restrictions.

4. RESULTS
4.1. Baseline estimation

We report in Table 3.A and Table 3.B below the estimated average marginal effect of a change in the
explanatory variable on each of the four possible situations a firm may be in. We test for equality of
coefficients for equations (1) and (2), and the null is rejected (chi-square test not reported in the tar
bles). As specification test, we perform a test for normality of residuals, and do not reject the null.*!

21 See CHIBURIS (2010).
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Because we want to see whether the advantages of these two policy tools differ from the firms’ pers-
pective, we first discuss the estimated average marginal effects we have obtained for the probability of
using only tax credits and of using only direct support. We find that both for large firms and SMEs,
being financially constrained reduces the probability of using only tax credits by about 4 percentage
points, while it increases the probability of obtaining direct support by about 2.5 percentage points.
These results are consistent with the first two propositions formulated in section 2.

Regarding the appropriability issue, as captured by the use of legal protection mechanisms, we find that for
large firms this variable has a significant and negative average marginal effect on the probability of using
only tax incentives, but a positive effect on the probability of using only direct support. Since we control for
past R&D investment, we believe that this result suggests that firms whose projects have more innovative
content and are more concerned about imitation prefer direct support to tax incentives. For SMEs we find a
different pattern: those with appropriability concerns are more likely to use either tax incentives alone or
both instruments. It is possible that SMEs’ innovation projects are on average of an incremental nature and
that the cost of applying for direct funding be high relative to the expected probability of obtaining it.

Finally, we find that for both SMEs and large firms, being a new firm increases the probability of ha-
ving only direct support, and reduces the probability of using only tax credits.

We find other interesting differences on the average marginal effect of other variables on these pro(’
babilities. Human capital increases the likelihood of using only direct support, but has no effect on the
use of tax incentives. A firm’s relative productivity has a positive effect on the probability of using tax
incentives only, and on the probability of using both types of support. As expected, the variable that
captures the overall level of barriers perceived by the firm has a positive effect on the use of any sup(’
port, and a negative effect on the use of none. Finally, we find different patterns across industries.
While industry type does not affect the use of tax incentives, large firms in high-tech industries and in
medium-low technological intensity are more likely to use direct support. Among SMEs, firms in high(
tech and medium high-tech industries are those more likely to use tax incentives.

We now look at the other two groups of firms: those that do not use any support, and those that use
both tax credits and direct support. We find that having previous experience in R&D is the most impor(]
tant determinant of (not) using both kinds of support, both for large firms and for SMEs. For large firms
financial constraints do not seem to have a significant effect, while for SMEs they reduce the likelihood
of using both tools, and increase the likelihood of using none.

We believe that the significance of past R&D in explaining the use of tax credits (alone or in combination
with direct support), but not the use of direct support, points to a characteristic of R&D-related behavior
that previous research has identified: persistence.? In our sample, 89% of large firms and 73% of SMEs
that were investing in R&D in 2005 also invested in 2008. About one fifth of firms switched from not
doing R&D in 2005 to doing in 2008 (18% of SMEs and 22% of large firms). Many of these "switchers"
used some form of public support in the period 2006-2008 (45% of SMEs and 66% of large firms).

Overall, our results suggest that direct support may be more effective to encourage firms that face financial
constraints to invest, or invest more, in R&D, while tax incentives may encourage increasing R&D by firms
that are not financially constrained and already invest in R&D. Results show clearly that direct support and tax
incentives are not substitutes in the sense that they are not driven by the same factors in the same direction.

When we estimate the model including as a proxy for appropriability the importance of information from
competitors, which involves using the subsample of innovating firms only, we find differences in the efl)
fects for large firms and for SMEs. In the case of large firms, those that give a high importance to this
source of information are more likely to use tax incentives only, and less likely to not using any tool. The
sign of the effect on using tax incentives only is the opposite of the use of protection, suggesting that both
variables capture different things: it is possible that information from competitors is relevant when the in{
tensity of rivalry is high, creating a situation of neck and neck competition, in which case the firm has an
incentive to innovate, and therefore claim tax credits. In the case of SMEs, firms that think that information
from competitors is important for innovation are more likely to not use any form of R&D support. It is not
obvious whether large firms and SMEs interpret the survey question in the same sense, however. The
results concerning the role of financing constraints are the same as in the baseline discussed above.

2 See MAREZ-CASTILLEJO, J. A., ROCHINA-BARRACHINA, M. E., SANCHIS-LLOPIS, A. and SANCHIS-LLOPIS, J. (2009). Sunk costs
or increasing dynamic returns to R&D (through learning effects) might explain persistence.
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We have performed alternative estimations to check for the robustness of our results to a series of
changes. These are the following. First, we have reestimated the model adding a binary variable for
low financing constraints and using different subsamples of firms: a subset of firms that introduced
products new to the market in 2005 or before, because this particular subset may be more sensitive to
appropriability issues; a subset of firms that did R&D in 2005, and subset of firms in high tech and
medium tech manufacturing sectors. Results remain basically unchanged across subsamples for
SMEs, and for the first subsample in the case of large firms. For the subsample of large firms that did
R&D in 2005, and for the subsample of firms in the high tech and medium high tech industries, finan®
cial constraints are not associated to the likelihood of using any of these policy tools. This constraint
remains significant for SMEs.

4.2. Robustness analysis

Second, we re-estimate the model dropping some outliers for one of the continuous control variables,
relative productivity, and find that results remain basically unaffected.

Third, we change the definition of dependent variables, tax credits and direct support. Instead of using
binary variables referring to the 2006-8 period, we use binary variables referring to year 2008 only. In
addition, regarding direct support the question asked is not identical. For the three year period, firms
are asked whether they received any direct support for innovation activities, including loans and
grants. The question referring to year 2008 includes only grants for in-house R&D. We find that the
main estimates of interest remain stable.

Finally, we change the way we calculate constraints, partly because we fear that correlation among
the set of barriers to innovation may affect standard errors. We define for each barrier the ratio bet-
ween the ranking for that barrier and the average value for all barriers, as perceived by the firm. We
find that the main results are not affected.?®

5. CONCLUSION

Our analysis has addressed the preferences of Spanish firms regarding the use of two tools of public
support to private R&D activities, linking them to potential barriers to innovation, with special focus on
the role of financial constraints and appropriability indicators. Using data from PITEC for the periods
2003-2005 and 2006-2008, we have estimated the determinants of the likelihood of using these tools
jointly, in isolation or none.

Results support the main hypothesis that tax incentives and direct funding are not perfect substitutes,
because financing constraints affect differently the likelihood of using each instrument. In particular,
our findings show that the probability to use tax incentives falls when firms face financial constraints,
while the likelihood of using direct funding increases. There are differences as well regarding the effect
of appropriability, as measured by the use of legal forms of protection. The direction of this effect is not
the same for large firms and for SMEs. While large firms that have used protection methods are less
likely to use tax incentives, and more likely to use direct support, SMEs that protect their ideas are
more likely to use tax incentives.

These results do suggest there is a link between the nature and extent of market failures related to
R&D and the use of these two tools of public support to private R&D, a point not previously made in
the literature. However, while the survey questions related to financial constraints are unambiguous,
the issue of appropriability remains very difficult to evaluate with the questions currently used in the
survey. Some innovation project level information could be helpful in that regard, as well as introdul
cing questions similar to those used in the Yale and Carnegie Mellon surveys regarding the impor(!
tance of secrecy and lead time.

23 All robustness results are available on request.
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SINTESIS
PRINCIPALES IMPLICACIONES DE POLITICA ECONOMICA

Las politicas de estimulo de la innovacién en las empresas deben tener por objetivo inducir la realizal’
cion de proyectos de innovacion que cumplan dos condiciones: que su rentabilidad social sea elevada
y superior a su coste, y que la rentabilidad privada de los mismos sea inferior a dicho coste.

Si bien los argumentos econémicos que las fundamentan son sélidos (externalidades de conocimien(]
to y dificultad de financiacion), su puesta en practica puede resultar compleja, debido a las dificultal’
des inherentes que presenta la identificacién de este tipo de proyectos. Es por ello que adquiere gran
importancia para la sociedad la evaluacién empirica a posteriori de los diversos instrumentos que se
pueden utilizar para fomentarla. Los resultados de la evaluacion pueden permitir mejorar el disefio y
aplicacion de dichos instrumentos.

Desde hace aproximadamente una década se han producido investigaciones empiricas dirigidas a
evaluar, con muestras amplias de empresas, los efectos de dos instrumentos: las ayudas directas a
proyectos (en forma de créditos subvencionados o de subvenciones a fondo perdido) y los incentivos
fiscales a la |+ D+1 empresarial. Estos Ultimos se consideran como ayudas indirectas. En ambos calJ
sos se trata de comprobar si, en promedio, un euro de ayuda directa o indirecta recibido por las em[]
presas por este concepto genera una inversion privada en I+ D+1 igual o superior. En el caso de que
el resultado fuera que la inversion privada generada es menor, se deberia concluir que se produce
simplemente un efecto de sustitucion de financiacion privada por publica, y por tanto la efectividad
practica del instrumento seria nula.

Los estudios existentes han analizado separadamente la efectividad de ayudas directas y de incentil’
vos fiscales. Sin embargo en algunos paises, Espafa entre ellos, se usan ambos. Es conveniente en
estos casos abordar el estudio conjunto para no sobreestimar el impacto de cada uno. Por otra parte,
aunque la estimacion del impacto sobre el esfuerzo privado en I+D +1 es intrinsecamente de interés
para la politica, no proporciona por si misma una explicacion de las causas de dicho impacto. En con(]
creto, algunas preguntas que también son relevantes para el disefio de las politicas son: ¢En qué
medida las ayudas directas y los incentivos fiscales fomentan proyectos innovadores afectados por
problemas de externalidades y de financiacién? ;Qué tipo de empresas utilizan estos instrumentos?
¢, Son ambos equivalentes?

En este trabajo nos centramos en el estudio comparativo del uso de incentivos fiscales y ayudas diCl
rectas entre las empresas. Suponemos que si los dos factores sefialados en la teoria: dificultades de
apropiabilidad (reflejo de externalidades positivas) y dificultades de financiacion de algunos proyectos
de 1+ D +1, afectan las decisiones empresariales entonces las empresas deben ser conscientes de
estas dificultades, lo que a su vez deberia llevarlas a utilizar uno o ambos de estos instrumentos.
Consideramos también que se puede anticipar que los incentivos fiscales seran mas atractivos para
empresas sin dificultades de financiacion, mientras que las ayudas directas lo seran para las que los
tengan. La razén es que para poder beneficiarse de los incentivos fiscales las empresas deben ser
capaces de financiar previamente sus proyectos de |+D+1, y ademas deben tener una base liquidable
positiva. Por lo que respecta a las dificultades de apropiabilidad, anticipamos que cuando éstas son
importantes las empresas tenderan a preferir ayudas directas.

Utilizamos los datos del PITEC (Panel de Innovacion Tecnol6gica) que proporciona el INE a través de
la FECYT para contrastar estas hipotesis. Nuestra muestra estd compuesta por alrededor de 800
empresas grandes (de mas de 200 empleados) y 3500 PYMES (méas de 10 y menos de 200 empleal]
dos). Nuestro objetivo es predecir la probabilidad de que una empresa, dado un conjunto de caractel
risticas entre las que se encuentran indicadores de restricciones financieras y de apropiabilidad, se
encuentre en una de las situaciones siguientes: no usar ninguna ayuda, usar solo incentivos fiscales,
usar solo ayudas directas y usar ambas formas de apoyo.

Nuestros resultados muestran que la probabilidad de que se usen sélo incentivos fiscales se reduce
cuando las empresas sufren restricciones financieras, mientras que aumenta la probabilidad de que
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accedan a ayudas directas. Lo mismo ocurre para empresas nuevas. Estos resultados estan en linea
con la hipétesis planteada. Por tanto una primera conclusion es que las ayudas directas parecen ser
un instrumento mas adecuado que los incentivos fiscales para paliar las dificultades de financiacion
de proyectos de I|+D+1. En relacién con las dificultades de apropiabilidad, observamos un comportal’
miento distinto segun se trate de empresas grandes (con 200 empleados o0 méas) o de Pymes. En el
caso de estas ultimas, la preocupacién por la apropiabilidad aumenta la probabilidad de que utilicen
incentivos fiscales, solos o conjuntamente con ayudas directas. Entre las grandes, la preocupacion
por la apropiabilidad reduce, en cambio, la probabilidad de usar sélo incentivos fiscales, mientras que
aumenta tanto la de usar apoyo directo, s6lo 0 en conjuncidn con incentivos fiscales. Finalmente, ser
una empresa nueva reduce la probabilidad de usar incentivos fiscales solo, lo que es légico dado que
este tipo de empresa puede tardar en tener una base liquidable significativa.

En conclusion, con los datos disponibles y con las estimaciones obtenidas se puede concluir que
ambos instrumentos pueden ser complementarios dado que las empresas son heterogéneas. Dicho
esto, las ayudas directas son el mecanismo que estad mas directamente relacionado con los fallos de
mercado asociados a las actividades de 1+D+1.
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