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Résumé

Nous étudions, sur données d’entreprises, si le crédit d'impot recherche (CIR) en
accroissement a augmenté le financement privé de la recherche et développement sur la
décennie 1993-2003. Afin de répondre a cette question, nous utilisons les enquétes annuelles
du Ministere de la Recherche, ainsi que les données fiscales individuelles relatives au CIR. La
question principale est de déterminer si les entreprises auraient quand méme augmenté leur
financement privé en I'absence d’incitation fiscale. Nous utilisons une méthodologie a la
Rubin. Dans un premier temps, nous étudions les déterminants de la probabilité d’obtention
du crédit d'impot recherche, c'est-a-dire le processus de sélection des participants a cette
mesure. Nous trouvons que la probabilité d’obtention du crédit d’'impo6t recherche en
accroissement augmente avec le ratio R&D/Ventes et décroit avec I'obtention de subventions
a la R&D. Apres avoir évalué la probabilité d’obtention du CIR de chaque entreprise nous
corrigeons les biais de sélection. Dans un second temps, nous évaluons I'effet du CIR en
accroissement sur le financement privé de la recherche (net de subventions attribuées par
d’autres sources). Nous trouvons que, globalement, le crédit d'impo6t s’ajoute au financement
privé de la recherche, de sorte qu’un euro de CIR méne a un accroissement d’un peu plus d’un
Euro de recherche totale. Nous trouvons également que le CIR en accroissement augmente le
taux de croissance du nombre de chercheurs employés dans les entreprises.

Mots-Clés : crédit d’'impdt, évaluation, recherche et développement
Classement JEL : H25, 032, 038

Abstract

We study, at the firm level, whether the incremental R&D tax credit increases the private
funding of

R&D. In order to answer this question, we use the yearly surveys of the Ministry of Research
over the period 1993-2003, as well as the corresponding firm-level tax files. The main issue is
whether the firms would have increased their R&D expenditures without this tax incentive. We
make use of the Rubin methodology. In a first step, we study the determinants of the
probability to benefit from the R&D tax credit, that is the selection process at work in the
recipients’ sample. We find that the probability to obtain a R&D tax credit increases with the
R&D/Sales ratio and decreases with the direct R&D subsidies. Once we have evaluated the
probability to get the R&D tax credit, we are able to correct for the selection bias. In a second
step, we evaluate the effect of the incremental R&D tax credit on the private funding of
research (once subtracted the direct subsidies from all the ministries). We find that, overall,
the tax credit adds to the private funding of R&D: 1 Euro of tax credit would give slightly more
than one Euro of total R&D. We also find that the incremental R&D tax credit increases the
growth of the number of researchers.

Keywords: tax credit, evaluation, research and development
JEL Classification: H25, 032, 038



1 Introduction

The many empirical studies that have been conductedECD countries over the past
fiteen years show that research and developmeghifisiantly improves the firms’
performances, however measured (Kleinknecht eds;1R@inknecht and Mohnen eds, 2002).
The economic performance of a country thereforeeddp on its capacity to provide the right
incentives to research and development (R&D) inpitieate sector. Unfortunately, R&D raises
specific investment issues that do not always ofmuphysical investment. First, R&D creates
information, and it cannot always be protectedcedfitly from competitors. Through imitation,
some firms can get a part of the benefits of tkeimpetitors’ investments. Second, in some
specific markets, the competition focuses on intiomatself more than on the organization of
production. A firm that launches a new product gesdrategic advantage. Third, the output of
research is naturally random. These three elemexlisce the private incentives to perform
research investments compared to physical investmémo policy measure was to be taken,
firms would show a tendency to under invest in R€DAspremont and Jacquemin, 1988;
Kamien, Muller and Zang, 1992).

In order to achieve higher incentives for R&D, oneeds to make this activity more
profitable from the firms’ viewpoint. Two types afeasures have been implemented: On the
one hand, enforcing stronger property rights andhe other hand, promoting financial support
to R&D. The first type of measures relies on paemd brands. By forbidding imitators to get,
freely, the benefits from the investments of inrtovs, the property rights aim to increase the
gross return on R&D. This first array of policiesaften not sufficient, because it is hard to
apply property rights in some lines of businessrédger, in order to protect themselves from
imitation, the firms have to incur additional sexyeosts that reduce the return on R&D (Levin
et al., 1987, Duguet and Kabla, 1998). The secyppe df measure is based on R&D subsidies
and R&D tax credit. Their goal is to reduce theksoaost of R&D. Compared to subsidies, the
fiscal regulations present some advantages anddaweback. Among the advantages, fiscal
incentives apply equally to all the firms whateteeir line of business or their size are; they
also let the initiative of the technological chade the market, that is to the consumers of the
new products; moreover, they reduce the adminigérdturden to fulfilling a simple form. The
main drawback, compared to subsidies, is that tlsen® selection of the R&D projects by an
independent institution. Therefore, there is a digbrobability that firms that did not need any
public support for their R&D projects apply for th&D tax credit. In this last case, it is
difficult to predict the effect of the tax credih the private funding of R&D.



According to a recent study (Warda, 2006), thectiza of R&D tax credit is expanding
among the OECD countries, from 12 countries in 1@069 countries in 2005. This expansion
of fiscal deductions raises the additional issudisifal competition among countries, which
could influence the location of the private R&D dabtories. Therefore, in addition to the
classic issue of the private incentives for R&De #xpansion of R&D tax credit could also

exert an influence over the location of the futkmewledge production.

In France, the R&D tax credit (« Crédit d'Imp6t Recche », CIR) was introduced in 1983.
Until 2003, it was computed on the growth of R&Dvéstments so that only firms with a
steadily increasing R&D budget could benefit fillgm it. This tax credit was equal to the half
of R&D growth, and was refundable when the firm&dpao taxes. Since 2004, this first tax
credit has been completed by a “volume” tax credljch is a tax credit computed on the
amount of R&D regardless of the R&D growth. Up @03, the firms located in France have a
right to a refundable R&D tax credit equal to thensof 5% of their R&D total amount and to
45% of their R&D growth. This policy direction hagen extended in 2006 with 10% for the
amount and 40% for the growth of R&D expenditurkisis noticeable that this “double-
deduction” system now exists in several countéegn though the eligible expenditures differ
from one country to another, that the tax credias always refundable, and sometimes even
taxable (in 9 countries out of 19). Out of 19 OECBuntries with a R&D tax credit, 18
countries apply a volume tax credit (the except@mg the USA) and 8 countries apply a
growth tax credit. Seven countries apply a “doul#euction” system but with different

eligibility rules (Australia, Austria, France, legld, Korea, Portugal and Spain).

This tax measures also involve a revenue losshieiState. It is quite difficult to make an
international comparison on this variable. For Emraveraged over the decade 1994-2003, the
R&D tax credit represents 465 millions Euros a y@dre extension to a volume tax credit in
2004 almost doubled this figure, up to 890 millioBsiros, and has strongly increased
afterwards (1.5 billions Euros in 2006). For 200, incremental part of the tax credit has been
suppressed and the firms can get 30% of their etpénditures, with an estimated cost of 4
billions Euros. From the viewpoint of the socidtyese fiscal deductions are interesting only as
far as they really increase the private R&D invesita. The fact that they are taken on public
funds (exactly like subsidies, from a public finandewpoint) calls for the evaluation of this
fiscal measures. This first motivation can be mioéd by noticing that, for France, its budget
cost has considerably increased and, more genelifadlythese measures have been extended to

larger number of innovating countries.



The public support to R&D faces the following ewation problem. Two situations can
occur when a tax credit is granted. On the one haridm can integrate the tax credit into its
investment decision process and decide to invest imecause the deduction exists (i.e. because
the price of R&D is lower with the tax deductioBut, on the other hand, it is possible that a
firm does not account for this measure at the itmvest decision stage, realize afterwards that it
has the right to a tax deduction, and asks for drder to increase its profit. In the former case,
the tax measure has the expected effect, whilkdratter case it has no effect at all on private
R&D. At the firm level, it is likely that both siaitions occur, therefore we wish to evaluate the

average effect of the measure, in order to knowthdrehe positive effects dominate or not.

An important point when performing the evaluatignté consider a period with no policy
change on the R&D tax credit at all. For this reaswe have restricted our data to 1993-2003,
where the R&D tax credit is computed on the sangibdé¢ expenditures, on the growth of
R&D, with a flat rate of 50%, refundable and notable.

2 Data sources and sample statistics

An interesting quality of our data set is thatitludes true fiscal data at the firm level and
not a theoretical computation of firms’ rightsidtimportant since all firms that could apply to
the R&D tax credit do not apply for it in practitd@his feature of the data allows to define a
control group and to apply the Rubin methods expldibelow. This would not be possible
without such data since a theoretical computationldallocate a tax credit to all firms with a
R&D growth. Here, among firms with a positive R&ogith, we can separate firms that get a

tax credit from the other firms.

2.1 Data Sources

The data comes from three different sources:

- the « enquétes annuelles d’entreprises » (yeartydensus) provide information on the

accounting data (sales, line of business) ;

2 This fact is well known at the Ministry of Research and seems do derive from either a bad
knowledge of tax deductions or from the erratic nature evolution of growth tax credit. The latter
point is consistent with the fact that when the system was extended to the level of R&D in 2004,
some firms entered the system for the first time, while they were performing R&D for a long
time.



- The R&D survey is collected by the Ministry of Rasgh and provides information at
the firm level on R&D, and especially the amounsobsidies from all the ministries. Matching
with this data set is important because it allovedrrect the R&D amounts from subsidies and

to determine the part of R&D expenditures thatriggtely funded;

- The tax credit (CIR) file is collected by the fis@ministration (Direction Générale
des Impdts). It is not a survey; it is exhaustiad ancludes the amount of tax credits granted at
the firm level® It allows to perform a study on the real recipseot the tax credit and to remove

the bias related to self-selection.

We use the Frascati (OECD, 2002) definition of R@mBvided by the R&D survey. Our
main performance variable is computed from thegtevfunding of R&D that we define as the
difference between the total R&D expenditures @dhe hand and the sum of all subsidies and
tax credit on the other hand. It represents theuamaof R&D actually paid by the firm. We also

use data on R&D personnel in order to examinedhastness of our results.

In order to evaluate the effect of the R&D tax dremh the growth rates of the private
funding of R&D, we have matched our samples by tmopyears over the period 1993-2063.
This convention insures that there remain a langmber of firms in the sampfeAfter these
operations, we have 10 samples covering the two-gedaods 1994-1993 to 2003-2002. A
description of the samples is provided in Tabl&He samples include between 1133 and 1645
firms each year, in all lines of business (inclgdservices). Approximately 20% of the firms
benefit from the tax credit alone or from a subsidly and 7% benefit from both a subsidy and
the tax credit. Over the decade, between 50% afe @CGhe firms have benefited neither from
a subsidy nor from a tax crefifThis point is important because the evaluatiofesebn a
comparison between the recipients and the othersfiin the evaluation literature, the non-
recipients represent the reservoir from which wieaex the counterfactuals (Rubin, 2006). The

size of this reservoir seems reasonable.

The amounts of public supports to private R&D aported in Table 2. As expected, the
R&D subsidies represent the most important amouwvitde the R&D tax credit reach 10% of

the support given to firms. This is related toiftsremental nature. However, it is important to

3 Another property of this data set is that it cannot be accessed by the standard procedure in
France. The data were made available because there is a law that compels to provide an
evaluation of the R&D tax credit to the Parliament. Access to the data set was decided after a
call for offer on the tax credit evaluation among economic research laboratories.

* The French firms have a compulsory identificatimmber (the SIREN number) that is available in all
our files. This precludes losses due to matching.

> A balanced sample over the period would reduabtiut 200 firms only, instead of 1500.

® The effect of subsidies has been studied sepgrateDuguet (2004) with comparable evaluation
methods.



keep in mind that these are not the same firmsgeathese two kinds of public support. The
R&D tax credit, by its fiscal nature, is open tbthke firms. It is often argued that the firms do
not have the same size depending on they benerfit ubsidies or from the tax credit. Figure 1
shows the median size of the recipients dependmnthe R&D support that has been granted.
Figure 2 present the corresponding average sizefiMleghat while the median size does not
differ between the two R&D mechanisms (a mediaalmiut 300 employees), there is a strong
difference in the average size. The difference betwthese two measures comes from the

biggest firms that are more present among the gulbstcipients.

The average size is around 500 employees for thecrdit recipient and around 2500
employees for the subsidy recipient. A part of tiference can be attributed to the fact that,
over this period, the tax credit is computed ongrmvth of R&D, and that the higher the level
of R&D the harder it is to make it grow. The comipan of these two figures also confirms that

the tax credit is more favorable to the small amdlionm sized firms.

Figure 1 — Median number of workers depending on
the R&D support mechanism
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Figure 2 — Average number of workers depending on
the R&D support mechanism
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2.2 Sample Statistics

In a first step, we will simply perform a companmsof the average growth rate of private
R&D, in order to assess the descriptive effecheftax credit. Two types of comparisons can be
made. A first comparison, “static”, compares thewgh rates of the private funding of R&D
depending on the mechanism of the recipients hiefnefn. A second comparison, “dynamic”,
examines the same growth rates, depending on teiéigmoof the firm inside the tax credit
mechanism. Four cases are possible: no tax crediivo years, tax credit during two years,

entry into the tax credit and exit from the taxditenechanism.

The static comparison is presented in Table 3. W@, fas expected, that the firms that
benefit from the tax credit have the strongest ginonate, partly because it is attributed on that
basis (and not fully, because subsidies are dedidoten the eligible R&D). Then come the
firms that got both the tax credit and the subsidiée lowest growth rates have been achieved
by the firms that received subsidies alone andithes that benefited no support.

Our definition of private R&D excludes both subsgliand the tax credit; therefore a zero

growth rate for the private R&D variable means thatR&D tax credit would be efficient since



it involves that the firms have not reduced theivate R&D when they have benefited from the
tax credit. In this case, the total R&D expendituracreases by the amount of tax credit
granted. When the effect is positive, there is dtiplier effect, the total R&D increases by

more than the amount of tax credit granted.

However, this first comparison suffers from a sasiimitation. It does not allow seeing the
effect of the tax deduction since what really nmratts how the firms change their behavior

when they get the public support. It is why weshsin the dynamic comparison.

The dynamic comparison is performed in Table 4.eHee examine how the growth rate of
private R&D is affected when the firms enter ortélxe tax credit mechanism. The variation of
the growth rates should be a better proxy for tB®Rax credit than their levels, even though
we are conscious that there remains a selectiasissaie. An incentive effect of the measure

would involve that the private R&D does not deceeabien a firms enters the mechanism.

The dynamic comparison shows that the firms thadrahe tax credit mechanism maintain a
significant growth rate of their private R&D expéndes, which is often above 10%. The firms
that enter in or exit from the mechanism do notavehsignificantly differently from the non
recipients. Overall, we find that the firms addaetky the tax credit to their private funding
when they enter the mechanism, and add more tleatakhcredit to their private funding when

they stay inside the mechanism.

2.3  The “naive” estimator and a critic of sample stdiiss

The “naive” estimator is defined as the differentaneans. Its definition comes from the
fact that this estimator is the one we should usexperimental data. The result is clear-cut:
over all the decade the firms that have benefiteohfthe R&D tax credit had a stronger growth
rate of their R&D tax credit, except in 2000-200hieh corresponds to the burst of the dot-com
bubble.

In practice, R&D data are not experimental andadfected by selection biases. The firms
that get the R&D tax credit do not have the sansatieristics that the firms that get it, and if
these unbalanced characteristics are correlatedrtperformance variable, we should expect a
bias when comparing the mean performances of ttipieats to the mean performance of the

non-recipients. This difference is given in Table 5

Another critic is related to the type of tax crethiat is given: when the tax credit is

computed on thgrowth of R&D, the firms that do not experience a growfttheir R&D are



not eligible to the tax credit. Therefore comparthg recipients with all the non-recipients is
less relevant. Indeed what we would like to measutbe difference the R&D investment the
firms have made and the R&D investment they wowdehmade without the policy measure.
For this, we need a counterfactual computed orfithres that did not benefit from the policy
measure but the right counterfactual set seeme tthé set of firms that have experienced a
growth of their R&D expenditures ardid not ask for the tax credit. In this paper, we will
account for that critic by reporting the resultstrieted to the firms with a positive growth of
R&D.®?

3 Methodology

In order to measure the effect of CIR, one shouldluate the difference between the
performance that a firm achieved with the CIR amalgerformance the same firms would have
achieved without this mechanism. The latter quarsitcalled the counterfactual. There are
many ways to estimate a counterfactual. In thisspawe consider two families of methods:
standard regression analysis and matching methameng the latter we distinguish kernel

matching and the weighted estimator.
Let y,; the performance (i.e., the growth rate of privR&D) of firm i when it benefits
from CIR andyg  its performance when it does not. The evalugpimblem comes from the

fact that we cannot observe both quantities atstree time. Either we obseryg; when the

firm benefits from CIR or we obserwy; when it does not. The observable data is therefore

1 if firmibenefitfromCIR

=0-T )y, + Ty, with T. =
yl ( i )y0| |y1| I {0 Otherwise

3.1 Regression methods

The simplest method is the naive estimator thaedathe difference of the average
performance of recipients and non-recipients. Teetly this reduces to perform an OLS

regression of the performance on the intercept @ar@R dummy variable (equal to 1 for

" The lack of information and the fear of a fiscahtrol are often used to explain such behavior.

8 This critic also raises an issue when the dataesdinom the “innovation surveys”. The fiscal dedtct
dummy variable should be merged with R&D growthadiat order to get the right counterfactual when
the tax credit is defined on the growth of R&D.

10



recipients, O for the other firms). The OLS coeéit of the CIR dummy variables gives the

difference of the mean performances in both groups:

~_ 1 1
CZN—ZYi _N_zyi

1idl, 0 i0l,

where |1 is the index set of recipients (numbé\;), and |, the index set of non-recipients

(numberN,).This is the « naive » estimator.

A second method extends the previous model by goeiplanative variableX; into the

previous regression. The model becomes:
y, =a+X,b+cT, +u;.

whereu; is the usual disturbance. From this model, welgetwo cases:
T, =0, with an expected average performavﬁ{yi |Ti = O) =a+X;b,

and T, =1, with an expected average performanﬁfy:i |'I'i :1) —a+X,b+c
This implies that the effect of CIR for the indivili is equal to:

E(y, [T, =1)- E(y,[T, =0)=c.

Compared with the naive estimator, this regresallmws dropping from the evaluation the

part that is attributable to the explanative vaaalX; .

But, strictly speaking, the previous estimators aoé fully consistent with the evaluation
problematic. A third regression method is more mgs. We assume that there are two

equations corresponding to each of the potentitionoe, so that:
Yoi =3 + X by + Uy andyy; =a, +Xb, +uy,
And the observable performance is:
Yi = (l_Ti)in +Tiyy = (1_Ti)(a0 +Xiby + uOi)+Ti(a1 +Xib, + uli)’
After some simplification, we get:
Yi =Bo + XBy +TB, + TXBs +u;,

which implies that one should estimate a model i cross product of the explanative

variables and the CIR dummy. Moreover, if the Valea X, are centered, we can show that the

11



coefficient of the CIR dummyf3,, measures the average effect of the tax credithen

performancé.

The results produced with the standard regressiethads are presented in Table 6. The
simple OLS regression method, depending on the géae results that vary between no effect
of the CIR on private R&D (in 2000-2001) and an artant effect of +11,4%. The effects are
globally lower than the ones obtained with the aaégtimator (up to +12.2%), which shows
that the explanative variables explain a part efglowth difference between the recipients and
the non-recipients. When we include the cross mtsdaf the explanative variables with the
CIR dummy we get an effect that varies, dependmg¢he year, between 0 and +10.4%, which
shows that the cross product themselves explaartaop the performance differences between

the recipients and the other firms.

Overall, the growth rate gap of private R&D remaingfavor of the CIR recipients. The
standard OLS regression fails to control for a# thifferences between these two groups of

firms.

Qualitatively, these first results indicate that #ffect of CIR would vary between a simple
addition effect of CIR and private R&D (so that timeasure is just efficient), and a multiplier
effect of CIR on private R&D (so that firms wouldcrease their R&D expenditures by more
than the amount of the CIR). But it is well knowretregression estimators can suffer from

selection biases, therefore we turn to the matcihiathods.

3.2 Methods that account for the selection bias

The “evaluation methods” are the most importanthis paper since the naive regression
methods do not account for the fact that the imllizls are not comparable in the recipient and
the non recipient groups. We follow the propensitgre approach initiated by Rosenbaum and
Rubin (1983, 1985) and surveyed in Lee (2005) amifk(2006). We aim to estimate the three

following parameters:

c=E(y, -v,). the average effect of the treatment,

9 The structure of this model also implies that the disturbance of the model is heteroskedastic
since the disturbance is different depending on T; =0or T, =1. We account for this property in

our estimations.

12



g = Ey, -y, | T =1), the average effect of the treatment on the tdeate
¢ = Ey, -y, | T =0), the average effect of the treatment on the eated.

These three quantities are related by the followéhgtionship:
c=c, Pr[T=1}+c, Pr[T=0].

Following Rubin (1974) and Rosenbaum and Rubin 19885), we make the conditional
independence assumption:

(Yoy)) OT X = (vo,y,) OT |P(T =1X)

The intuition of this result is the following: b firms have the same probability to get the
CIR, and the first firm does have it while the athas not, then the allocation of CIR can be
considered as random between these two firms, aedcan use the second firm as a

counterfactual for the first firm.

Estimation of the average effect on the treated ¢;. We consider the CIR recipients and, for
each of them, we estimate the performance theydvbave had without the CIR. In practice,
we compare the performance of the CIR recipienhlie average performance of the non
recipients that have the same probability to get@tR. In this paper, we use the method of

Heckman, Ichimura and Todd (1998). The averageopeence that the CIR recipients {1,)
would have had without the CIR is estimated by:
Voi :z K[(E)j _Abi)/Ah]xyj, 10l
il szpi -p)/h|

jOlo

Where K(.) is a Gaussian kernel, h the rule-of-thumindow and p, the estimated

probability to get the CIR for the firm i. Symmetailly, the performance that the non recipients
( 101,) would have had if they had benefited from ClRessimated by:

. K|, -B)/h]xy; .
.= - 0l ,
= S,

joly

Therefore, the average effect of CIR on the treetekkfined as:

13



¢ = Niz{yli — Yo, } '

1ion,

the average effect on the not treated by:

__z{yll yol}

0 idlg

and the average effect on the whole population by:

62; Z{)A/li —yo,i}+Z{y1,i _yo,i} .

No + N, | & i,

The standard errors of these statistics are coatplicto write, so that we use the bootstrap

method with 1500 repetitions (including the Praitép forp, ).

The weighting approach, surveyed in Lee (2005)s uke same assumptions than kernel
matching, but merely expresses the non observadmeple moments by their observable
counterparts, and replaces them by the correspgmafipirical moments. We get the following

results:

Effect of the treatment on the not treated:

__Z( j [p. IJ

Effect of the treatment on the treated:

“=3ix) 2=

Effect of the treatment on the whole population:

=3

Wherep; is the estimated value of the propensity scorétferindividuali, N the number of

firms in the common support\, the number of not treated firms in the common suipand

14



N, the corresponding number of treated firms. Theawaes of theses estimators must be

corrected to account for the estimation of the Rraiodel in the first step, but it can be

determined by the delta method. The details arergin appendix.

It is possible that the regression methods giveriaistent estimators because the CIR is not
distributed at random to the firms. As for all pglimeasures, there are attribution procedures
that determine who is eligible. This creates déferes between the sample of recipients and the
other firms and, provided that these differencesarrelated with the performance measure,
the OLS regression estimates can be inconsistems. therefore desirable to “balance” the
covariates so that the firms are comparable. lotjpe this creates an incentive to match each
recipient firm to the non-recipient firms that shdlne same value of the observable covariates.
There are many matching methods in the literatirehis paper, we follow the approach by
Rosenbaum and Rubin (1983, 1985), and match omsfwon the propensity score, which is

simply the probability to get the CIR.

The intuition of this theoretical result is thel&ling: if two firms have the same probability
to get the CIR, that the first one got it and tkeand one did not, everything happens as if the
CIR was allocated at random among these two fiftherefore, for each recipient, we look for
all the non-recipients that have the same prohghi get the CIR and then we compute the
difference between the performance of the recipdemnt the average performance of the other
firms (the counterfactual). These operations arfopeed for all the recipients, and the effect

of CIR is given by the average of all these diffexes (i.e., the “effect on the treated”).

The same method can be used to determine the jabteffiect of CIR on the firms that did
not get it. One just needs to match each non-ratigirm with the recipients that have the same
probability to get the CIR.

The only problem that remains is therefore to estinthe probability to get the CIR. We
estimate a Probit model and use the predicted piiities.'® Notice that the replacement of the
true probabilities by the estimated probabilitiegpiies to modify the way to compute the
Student statistics. We have used the bootstrappete@ statistics to account for it. The last

point is to make sure that the probabilities betwid® recipients and the non-recipients have a

% We have performed Vuong test of the Probit modelirsst the Logit model. We find that the models
are equivalent for all the couples of years, exéepP000-2001 were the Probit model outperfornes th
Logit model. Therefore, we kept the Probit modeldth our regressions.
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sufficient overlap so that we compare firms witlmisar probabilities. We have used the

common support of the predicted probabilities xatffis problem**

Last, notice that this method is related to thérimsental variable method in the following
way. The estimation relies on the estimated prditiaisi to get the CIR, and these estimated

probabilities depend on instrumental variables gmigstly lagged variables in our application).

In our application, we have applied three differestimation methods on the common

support of the CIR probabilities:

- the OLS regression methods, so as to see wiia imfluence of changing the data set by

dropping the extreme probabilities;

- The kernel matching method (Rubin approach)llitwe for distinguishing the effect on

the treated from the effect of the non-treated;

- The weighted estimator (or “moment estimator'piet is equivalent to kernel matching
but much faster to compute since it replaces tlusap method by the delta method (see the

appendix).

The Rubin methodology implies to drop some obs@wmat from the sample when the
probabilities take extreme values (close to 0 oflxoThe estimations are performed on the
common support of the estimated CIR probabilitieserefore, if we wish to compare this
method with the OLS regression methods, we shoold dn the same sample, on the common
support, so as to make sure that the differencegesdrom the method itself and not from a

sample difference only.

Table 7 presents the OLS regression methods orcdghenon support. We do not find
important differences with the regressions over lmle sample, so that the difference of
samples cannot be advocated to explain differeficesults among the standard and Rubin

methods.

3.3  Empirical strategy

A problem specific to the tax credit systems computedhengrowth of R&D comes from
the fact that our performance variable is correldtethe attribution conditions. Therefore we

cannot use the standard method without cautionieTéie two ways to tackle that problem:

11 In practice, we define the probability support by the first and 99th percentiles in order to
suppress the influence of outliers.
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- First, one can restrict the analysis to the firtmgt have a positive growth rate of their
R&D. This is because only these firms are eligénhel it should improve on the quality of the
matching. This is only possible however becauseesinms that have the right to the tax credit
do not ask for it.

- Second, one can use another variable than thetlyrate of R&D. We need a variable that
is both related to the R&D effort and not to a “ghoin” effect caused by the CIR. We use the
growth rate of the (full-time) number of researchdndeed, the researchers are the ones that
hold the knowledge of the firm, so that the firmtsogld be reluctant to hire or lay-off
researchers just to benefit from a short-run tagudton. The number of researchers is an
essential input of the innovation process so teathiould be a good indicator of the “real”
innovation policy of the firm. Keeping the reseahinside the firm avoids the dissemination
of knowledge to competitors and many studies shat the firms care about this issue (Levin
et al., 1987, Duguet and Kabla, 1998).

We have also tried instrumental variables methods (eported) but their results were
similar to those of the standard regression methanid often gave a stronger effect of CIR on
the growth of private R&D.

In order to measure the effect of CIR on private[R&ve use the following empirical

strategy:
- Estimators over the whole sample;
- Estimators restricted to the firms with a positiyrewth rate of private R&D;

- Estimators on the growth rate of the number ofaedeers.

3.4 Multipliers computation

There are two ways to compute the tax credit migtip in the literature: first, one divides
the tax credit amount by the amount of R&D the firmould have made without it (impact of
the tax credit on R&D); second, one divides theanental amount of R&D performed under
the tax credit by the amount of tax credit distt#zli(additional number of Euros of R&D for
one Euro of tax credit distributed). This sectiorites the explicit relationships between our

estimates and these two kinds of multipliers. Wednhe following notations:

- ¢, denotes the effect on the treated;
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- R, is the amount of R&D that would have been investéttiout the CIR andR;is the

amount of R&D that would have been invested unideitax credit.

- We have the following relationship between thggantities:

R,-R
,=—-—"<=R/ = (1+01)Ro-
RO
- “R” denotes the private R&D expenditures.

- The R&D subsidies have been subtracted fromualiheeasures of R&D (private and total)

so that we really measure the net effect of thectagit on R&D.

3.4.1 R&D expenditures multipliers
All our multipliers are computed on the subset &R @cipient firms, since there is no direct
effect on the others by definition. This is a sfgint difference with aggregated data where

total R&D usually refers to country R&D and thenefdncludes the non recipients.

Private R& D expenditures multiplier

Consider first the private R&D multiplier. With thiax credit, a firm investdR; while
without it, the same firm would have invest&®}, = R, /(1+ Cl), therefore the private R&D

multiplier is equal to:

R
m, =—=*—=1+¢,,

Rl
1+c,

Total R&D expenditures multiplier

Consider now the total R&D multiplier. The total R&of a recipient firm is equal to

R, +CIR under the tax credit, while it iR, =R, /(l+ Cl) without it. The total R&D

multiplier is therefore equal to:

_R,+CIR

m -
T Rl
1+c,

In this paper, we present the mean value of thisiplier over the sample, which gives:

=(1+¢,)1+CIR/R,),
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mr = (L+c, )L+ CIR/R, )

3.4.2 Tax credit multipliers
Private R&D tax credit multiplier

The variation of private R&D induces by CIR is ebjea

Rl — Cl
l1+c, 1+c

Rl_RO:Rl_

1

so that the multiplier equals:

_Ri-R, _ ¢, Ry
®  CIR  1+c,CIR ’

We estimate it at the mean point of the sample by:

— G R,
1+¢,\CIR )’

Total R&D tax credit multiplier

P

The variation of total R&D induced by the CIR isuafjto:

G,

R, +CIR =R, =
Cl

R, +CIR

So that the multiplier equals:

_CIR+R,-R,
T CIR

=1+M,.

4 Results
In a first subsection, we report the determinaffithe probability to get the CIR and, in a

second subsection, we comment on the evaluation.
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4.1 The probability to get CIR

The main determinant of CIR is its lagged valueb{€a8). This result illustrates the
importance of the dynamic comparison reported ibl@&d. But other variables also influence
the probability to get the CIR: the R&D/sales ratioreases the probability to get the tax credit
and the benefit from R&D subsidies reduces it.na latter case, there could be a mechanical
effect coming from the fact that the R&D subsidies not eligible to the tax credit. Finally, we
also find that some lines of business use mordatheredit on some years, but we do not find
time persistence on this point. This could comenftbe fact that the tax credit is more open to

firms than R&D subsidies.

A second interesting result is the small numbesighificant explanative variables in the
Probit regressions. This also suggests that emtoythe tax credit mechanism is more open than
for R&D subsidies (Duguet, 2004). In order to tdés robustness of this result, we have also
run the Probit regressions without the lagged texlit variable (not reported). We find that the
most important determinant of the probability ta ¢ge tax credit is the R&D/sales ratio.
Therefore the R&D tax credit is directed toward fines that allocate the biggest part of their
sales to R&D. This selection of recipients certai@kplains for a good part, the results of the

evaluations that follow.

4.2 The effect of CIR

The kernel matching and weighting methods providelar results (Table 9). We comment

mostly on the weighting estimators because theyigecssmaller standard errors.

The estimation on the recipients represents theuatian strictly speaking (the « effect on
the treated »): we seek to estimate the effecheftax credit on the firms that have indeed
benefited from it, and not on the whole sample &DRperformers. The basic results show a

multiplier effect on 6 years out of 10, and an #ddieffect for the 4 remaining years.

The estimation on the sample of firms that haveheotefited from the tax credit represents
the effect the CIR would have had if it has beetemded to more R&D firms. We find that the
potential effect of the tax credit on this subsagfl firms is weaker than on the recipients since
we find a multiplier effect for 1 year and an additeffect on 9 years. However, we do not find

a (firm-level) « crowding-out » effect.
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However, these first estimates must be taken wdhtion. Since the tax credit is
incremental, we could think that the standard eatédn procedure overestimates the effect of
CIR on the growth rate of private R&D. Thereforeg wlso present the estimation, with the
same methodology, on the subsample of firms thdteh@ositive growth rate of their private
R&D and, despite of this, did not ask for CIR. Ttesults, reported in Table 10, should
represent a lower bound of the effect of the taditr This « lower bound » shows an addition
effect for all the 10 years. According to it, thenfs would add the tax credit to their private

funding so that there would be no « crowding oaffect.

It is possible to convert the results reported @bl€s 10 and 11 into multipliers of the total
R&D expenditures. Since the study is performed agarcouple of years, we comment on the

average value (Tables 11 and 12).

The estimations based on the total sample (Tab)eirficate that the CIR would have
increased private R&D by 7.9% (Table 11, multiple®79) and total R&D (with the CIR) by
11.2%. The effect would thus be important on thepients. When we restrict the analysis to
the firms that have increased their private R&DK[€all), the corresponding effects would be
between 0% (unit multiplier), a simple additionesff, and the total R&D would have increased
by 3.2% only.

A common practice expresses the multipliers asnation of CIR itself. Over the whole
sample (Table 10) we find that 1 Euro of CIR wogéherate 2.33 Euros of private R&D that is
3.33 (=1+2.33) Euros of total R&D (Table 12). Whea restrict the analysis to the positive
growth rates (Table 12) we find a more pessimigsuilt that 1 Euro of CIR would not generate
any Euro of private R&D, so that 1 Euro of CIR webglenerate 1 Euro of total R&D. However,

since our evaluation is a short-run one (one y#ag figure is in fact rather high.

4.3 Testing the robustness of our estimators: the numbéresearchers

A basic reason that may reduce the trust that we ki the previous estimates is the
incremental nature of the R&D tax credit. We refmythis critic by proposing the following
robustness test. The R&D performers may have amrdst in asking for tax deductions even
when they do not need it, but the same R&D perfosnieave no interest in letting their
knowledge leak out for free to their competitor$ieiiefore, if they do not use the R&D tax

credit for research, we should see no R&D persomaghtions. We use growth rate of the
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number of researchers, in equivalent full time,csirthey are the holders of the firm's

knowledge. The results are reported in Table 13.

We find that, over the whole population, the R&R tmedit is always associated to positive
growth of the number of researchers, varying betweB% and 12.6% depending on the couple
of years. If we restrict our analysis to the firthat had a positive growth rate of their private
R&D, we find a positive effect 5 years out of 10o(h 6.6% to 10%) and no effect on five
years. These results suggest that the R&D perfarmeuld use the incremental R&D tax credit

in order to invest in R&D.

5 Conclusion

We find that the incremental R&D tax credit bergefid a different population of firms than the
ones that benefit from subsidies. The tax credipients have a smaller size and a high R&D to
Sales ratio. This confirms the view that the taxasuges favor equality among the innovative

firms.

Applying methods that control for selection biase® find that the incremental R&D tax
incentive is effective, since it is associated botla growth of the private funding of R&D (or

adds to it), and to a growth of the number of redears on most years.

However, the results in this study apply to theentental tax credit only, which is based on the
growth of the privately funded R&D. It does not et be extendable to other form of tax
mechanism, since they apply to a different popotatif firms (larger, especially). New research

should be done in order to evaluate the refornishifnze been taken place in France since 2004.
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Appendix: Estimation of the variance of the weightng estimators

Slightly extending the analysis in Crépon and lung (1999)wite the three estimators

under the following form:

-3 o)

Z||—\

where b is the estimated parameter from the Probit mddsing the delta method, we

can estimate the variance of our estimate by:

VB)=23- (o, -a

i=1

with
6=y B}3 3]y L b)] ) W)
where
36062 i) )= 11%0)
and

Inf(T|X; b)=T, IN®(X;b)+ (L~ T, )in(L- d(X; b))

Notice that these formulas are valid for any binargdel estimated by the maximum
likelihood method, provided that one replasefX;b) ® by 1- F(- X ;b) where F(.) is the cdf

of the disturbance of the new model (or (X b) if the distribution is symmetric).
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Table 1: Public Support to Private R&D

Both
vear Subsidy  Tax Credit Subsidy No Public Samole size
Alone Alone and Tax Support P
Credit
1994 21,1% 19,5% 8,6% 50,9% 1553 (100%)
1995 19,1% 18,4% 7,4% 55,1% 1645 (100%)
1996 19,5% 16,7% 7,0% 56,9% 1639 (100%)
1997 18,8% 17,3% 6,1% 57,9% 1570 (100%)
1998 20,1% 17,2% 6,3% 56,3% 1482 (100%)
1999 20,1% 17,2% 7,1% 55,5% 1491 (100%)
2000 20,0% 17,6% 8,5% 53,9% 1213 (100%)
2001 16,8% 19,1% 7,9% 56,2% 1133 (100%)
2002 17,0% 18,3% 6,5% 58,1% 1299 (100%)
2003 17,6% 16,7% 5,8% 59,8% 1542 (100%)

Table 2: Amount of Public Support to R&D

Year Subsidies Tax Credit Total*

1994 94,8% 5,2% 2 292 (100%)
1995 92,5% 7,5% 2 045 (100%)
1996 92,0% 8,0% 1542 (100%)
1997 90,2% 9,8% 1 253 (100%)
1998 88,4% 11,6% 1207 (100%)
1999 91,1% 8,9% 2 083 (100%)
2000 93,1% 6,9% 1727 (100%)
2001 87, 7% 12,3% 1573 (100%)
2002 90,5% 9,5% 1 901 (100%)
2003 90,3% 9,7% 1 194 (100%)

Notes *In millions Euros, computed on the sample
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Table 3: Static comparison of the growth rates of the priedtunding of R&D

* Significant at the 5% level

Tax Credit

Subsidy (CIR) Both None
1993-1994 Average -11,5% -6,3% 0,9% -18,3%
Student 4,99* 3,07* 0,29 12,71*
1994-1995 Average 3,2% 11,6% 9,1% 2,9%
Student 1,72 6,46* 3,31* 2,91*
1995-1996 Average 0,6% 6,8% 3,3% 1,1%
Student 0,31 3,54* 1,15 1,05
1996-1997 Average -1,6% 9,7% 7,2% 2,3%
Student 0,89 5,19* 2,31* 2,34*
1997-1998 Average 1,6% 10,3% 2,4% 1,0%
Student 0,83 5,53* 0,65 0,93
1998-1999 Average -2,1% 10,5% 8,6% 0,2%
Student 0,84 4,21* 1,83 0,13
1999-2000 Average -0,3% 6,9% 3,1% -1,1%
Student 0,12 2,84* 0,68 0,74
2000-2001 Average 6,5% 6,6% 8,1% 3,9%
Student 2,15*% 2,58* 2,18* 2,11*
2001-2002 Average 0,0% 11,5% 1,0% -1,4%
Student 0,00 5,24* 0,22 0,92
2002-2003 Average -2,6% 8,1% -1,2% -1,8%
Student 0,88 3,28* 0,32 1,32
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Table 4: Dynamic comparison of the growth rates of privat&R

** Significant at the 5% level. * Significant atehl0% level.

Exit from the tax credit

Entry inside the tax credit :
mechanism

(Tax credit in t-1, Tax credit in t) )
mechanism

Growth rates Difference of growth

Difference of growth rates

rates

(Out, (Out,In)- (In,In)-

Out) (Out, In)  (In,Out) (In,In)  (Out,Out) Student  (In,Out) Student
(1993,1994) -0,162 -0,131 -0,168 -0,015 0,032 0,77 0,154 4,27
(1994,1995) 0,028 0,079 0,042 0,119 0,051 1,56 0,07 2,43*
(1995,1996) 0,010 0,054 0,006 0,059 0,044 1,16 40,05 1,60
(1996,1997) 0,010 0,026 0,040 0,118 0,016 0,52 0,07 2,40*
(1997,1998) 0,009 0,032 0,032 0,103 0,023 0,64 ®,07 1,82*
(1998,1999) -0,004 -0,004 -0,006 0,164 0,000 0,01 7@ 4,32
(1999,2000) -0,015 -0,012 0,040 0,088 0,004 0,10 049, 1,03
(2000,2001) 0,047 0,003 0,030 0,098 -0,043 1,12 68,0 1,39
(2001,2002) -0,012 0,010 -0,001 0,122 0,022 0,55 123, 3,08**
(2002,2003) -0,018 -0,006 -0,036 0,085 0,012 0,31 120 2,65**

Table 5: Global comparison of the average growth rates

of the private funding of R&D

* Significant at the 5% level.

Tax credit Non

recipient recipient Difference Student
1993-1994 -0,041 -0,163 0,122 5,80*
1994-1995 0,108 0,030 0,079 4,52*
1995-1996 0,058 0,010 0,048 2,60*
1996-1997 0,090 0,013 0,077 4,22*
1997-1998 0,081 0,012 0,070 3,59*%
1998-1999 0,099 -0,004 0,104 4,10*
1999-2000 0,056 -0,009 0,065 2,53*
2000-2001 0,070 0,045 0,025 0,97
2001-2002 0,087 -0,011 0,098 4,07*
2002-2003 0,057 -0,020 0,077 3,14*
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Table 6: Regression methods

All the explanative variables are lagged one y&he left-hand variable is the growth rate of thivate funding of R&D. The explanative variables:dog of the private funding of
R&D, log of sales, log of total R&D to sales ratexport dummy, export rate, 2-digit activity dumnTyhe standard errors are robust to heteroskedgsfidie coefficient presented is

the one of the CIR dummy. ** Significant at the %%el. * Significant at the 10% level.
1994-1993 1995-1994 1996-1995 1997-1996 1998-1997 9991998 2000-1999 2001-2000 2002-2001 2003-2002

Coeff Student Coeff Student Coeff Student Coeff dsni Coeff Student Coeff Student Coeff Student  CoefStudent Coeff Student Coeff Student

Naive
estimator 0,122 5,80* 0,079 4,53* 0,048 2,60* 0,077 4,23* 0,070 3,59* 0,104 4,11 0,065 2,53* 0,025 0,97 0,098 4,07 0,077 3,14*
(Table 5)
OLS 0,114 5,39* 0,086 5,00 0,051 2,75* 0,079 442* 0,074 3,83* 0,101 4,04 0,068 2,25* 0,030 1,17 0,100 4,24 0,068 2,82*
OLS with

0,104 4,73* 0,084 4,71* 0,048 2,53* 0,066 3,67* 0,075 3,81* 0,088 3,28 0,064 2,00 0,039 1,55 0,105 4,39* 0,068 2,69*

cross products

Table 7: Regression methods on the common support of thébphulities to get the CIR

All the explanative variables are lagged one y&he left-hand variable is the growth rate of thiwgte funding of R&D. The explanative variables:dog of the private funding of R&D,
log of sales, log of total R&D to sales ratio, expgummy, export rate, 2-digit activity dummy. Tsiandard errors are robust to heteroskedastiditg.cbefficient presented is the one of

the CIR dummy. ** Significant at the 5% level. fg8ificant at the 10% level.

1995-1994 1996-1995 1997-1996 1998-1997 999-1998 2000-1999 2001-2000 2002-2001 2003-2002
Coeff  Student CoefStudent Coeff Student Coeff  Student

1,93* 0,112 4,61 0,086 3,31*

1994-1993
Coeff Student Coeff Student Coeff Student Coeff d8mi Coeff Student Coeff  Student

Naive estimator 0,123 5,57** 0,092 4,93* 0,050 2,56* 0,084 4,37 0,065 3,25* 0,106 3,97 0,071 2,69* 0,053

oLS 0,110 5,05* 0,089 4,90* 0,052 2,68* 0,078 4,09 0,063 3,20 0,099 3,77** 0,063 243* 0,040 148 0,113 4,73* 0,073 2,89*

;'aia’:’:'ttshcmss 0,100 4,46™ 0,085 4,59* 0,047 2,43* 0067 3,50* 0,065 3,35* 0,086 3,14 0,064 250* 0040 1,58 0,112 4,70* 0,065 2,47*
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Left-hand variable:

Table 8: Probit estimates of the probability to benefit froBIR

CIR benefit dummy (yes/no). té right-hand variables are lagged one year. Mari likelihood estimates of the Probit model.

1994-1993

1994-1993

1995-1994 1995-1994 1996-1995 1996-1995 1997-1996 1997-1996 1998-1997 1998-1997
Coeff  Student Coeff Student Coeff Student Coeff  udsnt Coeff Student Coeff Student Coeff Student fiCoe Student Coeff Student Coeff Student

Intercept -0,80 2,39 -0,86 5,89 -1,08 3,10 -1,00 567, -1,06 3,11 -1,27 22,43 -0,97 2,68 -1,29 23,52 411 3,66 -0,99 7,17
Lagged CIR dummy 1,59 20,24 1,59 20,39 1,70 21,44 701 21,68 1,63 20,14 1,62 20,64 1,64 19,63 1,64 0620, 1,72 19,79 1,71 19,95
log(Sales) -0,01 0,30 0,03 1,05 -0,01 0,18 ,0:0 0,28 0,04 1,39
log(total RD/sales) 0,06 1,32 0,07 1,98 0,11 2,76 ,090 2,84 0,01 0,36 0,05 1,20 0,13 2,96 0,10 12,8
RD subsidy dummy 0,14 1,41 0,06 0,57 0,03 0,26 0,00 0,04 -0,05 0,43
RD subsidy/Total RD -0,76 1,97 -0,52 1,56 -0,93 82,1 -0,80 2,16 -0,24 0,64 -0,68 1,52 -0,55 1,46 00,2 0,48
Export dummy 0,05 0,33 -0,26 1,62 -0,07 0,44 0,12 0,69 0,04 0,23
Exports/Sales -0,58 3,16 -0,58 3,43 -0,06 0,33 180, 1,03 0,09 0,54 -0,15 0,88
Food industry -0,10 0,45 0,06 0,26 -0,07 0,31 0,20 0,95 0,33 1,96 0,09 0,36
Consumer goods -0,02 0,12 0,06 0,37 -0,02 0,12 -0,28 1,55 0,31 1,66 0,24 2,08
Equipment goods -0,09 0,57 0,14 0,84 -0,16 1,03 -0,15 0,92 0,06 0,34
Intermediate goods -0,15 0,99 0,23 1,48 0,15 1,76 -0,29 1,98 -0,19 2,25 -0,26 1,67 0,14 0,86
Services -0,36 1,83 -0,27 1,87 -0,09 0,47 -0,17 910 -0,62 2,82 -0,39 2,41 0,04 0,18
Other (incl.. car industry) Réf Réf Réf Réf Réf Réf Réf Réf Réf Réf

1999-1998 1999-1998 2000-1999 2000-1999 2001-2000 2001-2000 2002-2001 2002-2001 2003-2002 2003-2002

Coeff  Student Coeff Student Coeff Student Coeff  udsnt Coeff Student Coeff Student Coeff Student fiCoe Student Coeff Student Coeff Student

Intercept -0,86 2,41 -1,11 3,83 -1,79 4,22 -1,64 265, -1,60 3,71 -1,73 5,36 -1,74 4,46 -1,83 6,12 01,3 3,90 -1,32 23,97
Lagged CIR dummy 1,39 16,59 1,40 17,00 1,65 17,82 651 17,92 1,70 17,74 1,69 17,75 1,57 17,61 1,56 9417, 1,62 19,31 1,63 19,60
log(Sales) 0,04 1,51 0,04 1,81 0,05 1,56 0,05 1,64 0,09 2,78 0,08 2,76 0,05 1,61 0,05 1,98 0,03 1,06
log(total RD/sales) 0,04 0,94 0,06 1,30 0,06 1,46 0,13 2,88 0,13 3,14 -0,02 0,44 0,07 1,89
RD subsidy dummy -0,02 0,17 0,03 0,30 0,12 0,99 -0,11 0,93 -0,08 0,67
RD subsidy/Total RD 0,15 0,42 0,11 0,30 -0,61 ,481 0,23 0,51 -0,27 0,61
Export dummy -0,58 3,19 -0,60 3,45 0,28 1,21 20,3 1,36 0,04 0,19 -0,03 0,16
Exports/Sales 0,41 2,54 0,36 2,28 0,27 1,43 0,29 69 1, 0,31 1,62 0,25 1,45 -0,01 0,08 -0,06 0,38
Food industry 0,04 0,19 -0,06 0,23 0,21 0,77 -0,29 1,17 0,20 0,94
Consumer goods -0,12 0,69 -0,24 1,22 0,08 0,39 -0,05 0,28 0,19 1,22 0,22 1,88
Equipment goods -0,22 1,39 -0,17 0,94 0,12 0,63 -0,05 0,32 0,05 0,37
Intermediate goods -0,38 2,56 -0,25 3,02 -0,09 0,51 -0,05 0,29 -0,16 1,59 -0,20 1,25 -0,07 0,47
Services -0,14 0,69 0,07 0,31 0,06 0,25 -0,25 1,19 -0,35 1,81 -0,35 2,21
Other (incl.. car industry) Réf Réf Réf Réf Réf Réf Réf Réf Réf Réf
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Table 9: Evaluation estimators a la Rubin on the whole sarapl

We use the Probit regressions reported in Tabler 81t matching and the weighting. In both casesevesider the firms belonging to the common suppbthe treatment probability. We
report the effect of the CIR on the growth ratehef private funding of R&D. ** significant at 5%significant at 10%.

1994-1993 1995-1994 1996-1995 1997-1996 1998-1997 1999-1998 2000-1999 2001-2000 2002-2001 2003-2002
Coeff Student Coeff Student Coeff Student Coeff udsnt Coeff Student Coeff Student Coeff Student  fiCoeStudent Coeff Student Coeff Student

Weighting estimators

@]‘ée;%%igtfgﬁton 0,069 2,40 0,078 2,93* 0049 158 0,040 157 0055 1,79* 0,035 091 0044 1,36 0,008 023 0,066 2,04* 0054 1,75
Average effect on

0,043 1,30 0,074 2,41* 0,048 1,36 0,034 1,17 0,054 155 0,016 0,36 0,047 129 -0,009 0,22 0,053 1,44 0,042 1,24
the not treated

Average effect on

the treated 0,140 4,60 0,087 3,35* 0,051 1,88 0,062 246* 0,056 190* 0,099 317~ 0,036 1,01 0,050 1,34 0,105 3,28 0,097 2,93**

Kernel matching estimators
(The asymptotic Studehtare computed by the bootstrap with 1500 repettiarciuding the Probit step)

@:f;%%i&ﬁiﬁton 0,080 2,58* 0,070 2,69* 0,051 161 0037 1,41 0039 132 0041 1,13 0,020 057 0013 037 0063 1,93* 0048 1,53
Average effecton 4 g1 971+ 0064 2,14% 0049 1,37 0028 096 0035 105 0024 060 0017 044 -0002 005 0051 138 0034 097
the not treated

Average effect on

the treated 0,129 4,14 0,087 3,32** 0,057 2,03* 0,068 2,56* 0,054 1,70 0,096 3,02 0,028 0,75 0,050 1,29 0,101 3,04 0,100 2,97*
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Table 10: Evaluation estimators a la Rubin on the positiveogvth rates

We use the Probit regressions reported in Tabler 81t matching and the weighting. In both casesevesider the firms belonging to the common suppbthe treatment probability. We
report the effect of the CIR on the growth ratehef private funding of R&D.. ** significant at 5%significant at 10%.

1994-1993 1995-1994 1996-1995 1997-1996 1998-1997 1999-1998 2000-1999 2001-2000 2002-2001 2003-2002
Coeff Student Coeff Student Coeff Student Coeff udsnt Coeff Student Coeff Student Coeff Student  fiCoeStudent Coeff Student Coeff Student

Weighting estimators

tAh\:ae;%%ilzftfiiﬁton -0,032 1,40 0,075 225" 0014 064 0048 171* 0,033 092 0089 211* -0043 160 -0034 1,32 0,004 014 -0028 117
ﬁ]"ee:]%%‘:rgggon -0,043 1,47 0103 2,38 0,025 093 0052 154 0057 129 0,104 1,98* -0,047 156 -0,050 1,68* 0,010 0,30 -0,039 1,48
Average effect on

the treated -0,014 062 0,016 056 -0,012 059 0036 146 -0,026 09 0055 164 -0,033 1,06 0,001 005 -0011 036 0,004 0,14

Kernel matching estimators
(The asymptotic Studehtare computed by the bootstrap with 1500 repettiarciuding the Probit step)

tAh\:aeE)%%igtfiiﬁton 0,043 1,90+ 0042 146 0020 085 0032 128 0026 085 0065 187 -0011 035 -0,040 1,47 0015 052 -0,013 0,44
Average effecton 5y 5 goe 0053 151 0033 1,20 0032 1,09 0047 134 0067 167 -0011 030 -0052 176* 0010 030 -0013 042
the not treated

Average effect on

the treated -0,02¢6 1,02 0,020 0,67 -0,012 052 0,033 127 -0028 088 0,060 1,79* -0,011 033 -0,013 0,37 0,025 092 -0,011 0,29
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Table 11: Multipliers according to the private R&D expendites
Average estimation over the period 1994-2603

Lower Upper Lower

ep.  bound  bound  JESCER. bouna PP
Over the whole sample (Table 10):
Weighting estimator 1,079 1,060 1,097 1,112 1,093 131
Kernel matching estimator 1,078 1,059 1,098 1,112 ,094 1,131
On the positive growth rates (Table 11) :
Weighting estimator 1,000 0,983 1,017 1,032 1,015 ,05a
Kernel matching estimator 1,003 0,985 1,022 1,035 ,012 1,054

*We use the weighted average of the effects overpriod 1994-2003, where the (optimal) weightdaas to the
inverse of each estimator’s variance.

Table 12: Multipliers according to the amount of tax credititributed
Average estimation over the period 1994-2603

Lower Upper Lower

ep.  bound  bound  (ESCER. bound  OPROLDUNS
Over the whole sample (Table 10):
Weighting estimator 2,327 1,774 2,881 3,327 2,774 ,88B
Kernel matching estimator 2,315 1,743 2,887 3,315 742 3,887
On the positive growth rates (Table 11) :
Weighting estimator 0,011 -0,503 0,525 1,011 0,497 1,525
Kernel matching estimator 0,119 -0,436 0,675 1,119 0,564 1,675

*We use the weighted average of the effects ovep#riod 1994-2003, where the (optimal) weightjsas to the
inverse of each estimator’s variance.
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Table 13: Effect of the R&D tax credit on the growth rate ¢fie number of researchers

We use the Probit regressions reported in Tabler &8he weighting estimator. The « performance \@eia is the growth rate of the number of reseaecfi@ full-time equivalent). We
consider the firms belonging to the common suppbtie treatment probability. ** significant at 5%&ignificant at 10%.

1994-1993 1995-1994 1996-1995 1997-1996 1998-1997 999-1998 2000-1999 2001-2000 2002-2001 2003-2002
Coeff  Student Coeff Student Coeff Student Coeff udént Coeff Student Coeff Student Coeff Student fiCoeStudent Coeff Student Coeff  Student

Over the whole sample

Average effecton o oc. 336 0116% 413 0088 281 0118* 354 0061 187 0112 313 0119% 2,63 0082% 271 0099 290 0102% 3,00
the population
Average effecton oo 575 0115+ 361 0078% 219 0117% 308 0045 124 01077 271 0134% 252 00827 245 0096 256 0100% 2,68
the not treated
Average effect on

the treated 0,120~ 3,78 0,121* 3,84 0,122 3,79 0,123* 3,81 0,109 3,08 0,126** 3,83 0,075** 2,00 0,084** 2,20 o0,108* 289 0,109** 2,97

On the positive growth rates of private R&D

Average effecton 50 019 oo 23 0069 173  0075F 172 0042 099 0020 044 0082 162 0070 180 0081* 174 0069 170
the population
Average effect on

0,022 0,43 0,113** 2,18 0,071 1,46 0,073 1,41 0,032 0,61 0,008 0,14 0,103* 1,71 0,056 1,25 0,074 1,42 0,076* 1,72
the not treated

Average effect on

the treated -0,015 0,39 0,069 1,49 0,066* 2,08 0,080 2,32 0,068* 1,84 0,049 1,19 0,031 0,72 o0,100** 2,07 0,100* 191 0,048 0,93
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