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ABSTRACT

Public policies that promote R&D in firms are ewatked on a regular basis in developed
countries. However, this type of study is relatwehre in developing countries. In
Brazil no impact evaluation analysis that use imfation at firms’ level has been
published. The present study, which assesses thacinof the National Technological
Development Support Program (ADTENN the technical performance and strength of
Brazilian industrial firms, is unprecedented indgtstent and method. It shows that this
R&D incentive program reaches a relatively limiteaimber of firms, considering the
magnitude of the Brazilian industrial sector. Thegram reaches only 0.07% of
Brazilian industrial firms with over 10 employeemd the volume of resources that
firms borrowed within the program’s framework wadyo1.6% and 3% of their R&D
expenditures in 2000 and 2003, respectively. It fsaad evidences that ADTEN had a
positive influence on companies’ private R&D expi@mnes from 1996 to 2003. One
can say that at least the crowding out hypothesisbe rejected. There are also strong
evidences that the program has positively infludntee growth of firms, their
productivity and patent applications, although hssare not conclusive for these two
last indicators.

1 INTRODUCTION

The consolidation of the science and technologiitui®ns in Brazil took place when
the country’s economic growth was led by importstitbtion industrialization policies
characterized by an inward national developmermttesgy. It is important to take into
account this national development project to undadsthe success and effectiveness of
the scientific and technological policies of the7@8, and their decline in the 80s and
90s. In particular, the creation of the Scientdied Technological Development Fund
(FNDCT) in 1968 was an essential instrument of $tr@tegic Plan for Technological
Development.

The fund was undoubtedly a powerful mechanism fionidating scientific and
technological development in Brazil, mainly stagtim 1971, when the Research and
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Projects Financing Agency (FINEP) became its exeeuioard. There was no radical
change in the country’s institutional science aadhhology framework in the 80s,
despite the fiscal crisis and the exhaustion oémmet funding sources.

In the early 70s FNDCT’s volume of resources grapidly and FINEP moved
to establish a different way of operating the furiche National Technological
Development Support Program (ADTEN) was createthis context. Major resources
from the FNDCT were allocated to the program betw&@76 and 1978. ADTEN has
been a reimbursable funding program for comparhes are particularly relevant to
FINEP. Historically, the program’s funding comesnr both Treasury Department’s
earlier loans returns, and multilateral organizajo mainly the Interamerican
Development Bank (IDB) and the National DevelopmEond. In the late 70s, the
resources reallocated to ADTEN were about 30% efRNDCT’s® total resources. In
1987, at the pinnacle of the program’s expendituittsvas lending about US$ 150
million..®

The consolidation of FINEP incentives to firms’ R&Xpenditures was greatly
motivated by the creation of ADTEN. From the veggimning, the program prioritized
engineering projects, in-house R&D centers, praduamhd processes innovations,
marketing, purchases of national or foreign techgiels, and the creation of quality
control processes. The resources available throingh program were especially
advantageous for companies because of negative imeakest rates. Equalization
represented about 40 to 60% of inflation umg80’. However, inflation scaling up in the
80s forced gradual increases in the equalizatitio emd from1987 onwards the financial
adjustment of loans to inflation was complete. slitworth noting that ADTEN has
provided different ways of risk capital financinthe most widely used methods were
loans that could be reimbursed using royalties salds revenue. In 1991 there were
about 60 risk capital operations.

Nowadays, ADTEN is still one of the instrumentsotigh which FINEP
finances invests in development projects, in tetdwo improvement projects for
products and processes that have been executeccbmpany’s own technical team,
engineering firms, national consulting firms, unmiiBes and research institutions.
Projects that are eligible for financing are: basngineering projects with a
technological development element, establishmenésgarch and development centers,
the purchase and incorporation of technology fraiezi or abroad, quality control and
management, and innovative marketing. The prograsnahgrace period of up to three
years, and an amortization period of up to sevemsyavith FINEP participating in up
to 80% of the project. Guarantees are establishiedach operation. Currently there are
no loan subsidies and the financial charges aresdéh®e as the long-term loans of the
National Development Bank (BNDES). The chargesuidelthe long-term interest rate
(TJLP), which is currently 9.00% per annum (Jan®0With an average annual spread
of 5% and an opening credit line tax of 1%.

The authors of this study are not aware of anyiphbd work that seeks to
evaluate the impact of ADTEN or any other similaogram on the performance and
expenditures of companies in research and develop(®&D). That is exactly what
this paper will attempt to achieve. More specifigat seeks to contribute to the process
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of evaluating public policies that focus on stinimg technologically innovative
activities by answering the following questions. tlsere complementarities or
substitution between ADTEN's public funds and prevéunds used for R&D? In other
words, is there crowding in or crowding out effeofsthe public funds to financing
firms’ R&D activity? Is the economic/financial performance of benefiei of the
ADTEN program superior to that of non-beneficiabies

This report is divided into four sections besides Introduction. In Section 2,
we present the methodological procedures and dsgab@at will be used in the
evaluation. The extent of ADTEN’s reach is analyzeohsidering the magnitude of
Brazilian industry, in section 3. In Section 4, ateempt to verify the program’s impact
on company expenditures for R&D in order to seeletivar there is substitution or
complementarity between public funds from ADTEN dhd companies’ own private
funds, or funds of other companies on the markethé same section 4, the program’s
impact on a company’s growth and productivity soa¢valuated. The final remarks are
in Section 5.

2 MATERIAL AND METHODS

2.1 Building up an integrated database

One of the reasons for the lack of evaluation wonk ADTEN is possibly the
dearth of information that could be used to comhianes that receive support from the
program to those that don’t. To conduct this studgwever, we worked with an
original database from the Institute for AppliedoBomic Research (IPEA). IPEA’s
database combines information from: i) Annual IridakSurvey (PIA), Technological
Innovation Survey (PINTEC), both from the Nation@eénsus Bureau (IBGE); ii)
Annual Social Information Report (RAIS) of the Mstiy of Labor (MTE); iii) data of
Foreign Trade from Foreign Trade Secretary (SECBEiX)he Ministry of Industrial
Development and Foreign Trade (MDIC); iv) the CenetiForeign Capitals in Brazil,
from Central Bank (BACEN); v) Data about patentgister and applications, from
National Institute of Industrial Property (INPf)

The main databases are the Annual Industrial Sur¢@ld) and the
Technological Innovation Survey (PINTEC). PIA prdes data by sector of activity on
output and expenditure of Brazilian industrial fdrand it is available since 1996 until
2003. PINTEC is survey that collect information mchnological innovations of the
Brazilian industrial firms. It follows the Communmpiinnovation Survey model (CIS)
and contains information such as: a) characteamatif the firms’ innovative efforts
(expenditures for internal and external R&D, acijwis of R&D, if these expenditures
are occasional or recurrent, whether the firm haf&D department, the number and
qualification of the individuals working in R&D, &t b) if the firm has introduced
technological innovations on the market; c) whatthe sources of information used for
introducing the innovations; d) what are the fuigdsources for the innovations, etc.

® David, P. A.;, B. and Tole, A. A. (2000) providecamprehensive review of the econometric evidence
about crowding in and crowding out effects.

° For details on the database see De Negri (20P8AIdoes not have legal title to the informatiordis

in this study. However this and other work has bemwle possible through the partnerships established
between IPEA, IBGE, MTE, BACEN, MPO, SECEX/MDIC aRINEP.
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Information available from PINTEC and PIA will beenged with the other databases
having the firm as the common information link.

Other database that deserves description is thea\8ocial Information Report
(RAIS). This database contains information reldtethe profile of the labor force that
works in the firms: age, gender, level of educatioow long employed by the firm,
when recruited and when left, remuneration, pasitiathin the firm. The information
covers the period from 1996 to 2003, also on amahasis.

The set of information that integrates all theselases should provide a rather
complete profile of the Brazilian industrial firm#Vith the possibility of integrating
these databases using a code that identifies @achitfis possible to know whether a
specific firm is innovative; the amount of its expédures for R&D; its expenditures,
and output structure and profitability; whetherist foreign or national; if it has
registered a patent; how it finances its innovatielated activities; if it cooperates with
other institutions to introduce an innovation; grefile of its workers, etc.

The database is a sample of approximately 80,0@d@strial firms with over 10
employees and five million workers. These firms @agponsible for approximately 95
% of the value added in the Brazilian industry. Bimalysis covers an eight-year period,
from 1996 to 2003. With FINEP’s collaboration, iasvpossible to identify the firms
that were beneficiaries of ADTEN from 1997 until0®) and to perform the evaluation
of the program.

2.2 Methodological procedures

The empirical analysis of this structure of datguiees micro-econometric tools
capable of eliminating some problems related toethaduation of public policies. These
methods seek to evaluate if the performance obémeficiaries or policy participants is
better than it would be without public incentives.

This question brings to the forefront one of then@pal methodological
problems in the evaluation of public policies, ohieh technological development
incentive programs are a part. In order to meatheeimpact of these programs, the
evaluator should know what would have happenedhéobeneficiaries if they had not
had access to the program. The evaluator can didgree the performance of non-
beneficiaries compared to that of beneficiariesweler, the performance of the
beneficiaries, in the case that they had not hadsscto the program is a non-observed
variable for the evaluator, just as the performantethe non-beneficiaries is not
observed in the case they had had access to theapro

The treatment to which a group of companies is estibfl is the actual
participation in the technological program. We dammally call Y, the outcome
variable (economic or technological performanceewample) with the treatment, and
Y,,the outcome without the treatment. It is not pdssthat the individuals evaluated
belong to the two groups simultaneously, therefbrie not possible to observe both
resultsY,, andY;, for the same individual Hence, the problem that we encounter in the

evaluation is related to missing data (WooldridZf2)?2).

The principal methodological question consists ohgtructing an adequate
counterfactual for evaluating the program’s imp@#dette et al, 2000; Arvanitis, 2002).
Arvanitis (2002) lists a series of problems thatldomake the construction of this
counterfactual difficult.



First of all, given the policy’s explicit objectigsethe evaluator needs to know
whether it will influence the companies’ resultsedtly or indirectly, through another
economic variable (for example, if public reseacomplements private investments in
R&D, therefore improving the companies’ performanbg stimulating private
investment). In addition, the evaluator must beeatd identify other determining
factors, besides public policy, for the performanegiable being evaluated. In other
words, it is necessary to construct a vectoy) (@f explanatory variables that are

theoretically relevant to explain the firm’s perfaance, as well as a policy variablg) (P
that will distinguish beneficiaries from non-bergries.

Formally, we have:
Y =a; + By (X)) + ;P + 1, 1)
where Y, is an outcome variable that should be positivelgcéd by the public

policy; X, is a vector of explanatory variables that are tbgcally relevant in
determining the outcomeP is a variable of the policy that discriminates betw
participants and non-participants apdis the error term

Second of all, Arvanitis (2002) refers to the exigte of positive externalities,
which are not taken into account by the evaluaidris problem indicates that it is
possible that the program’s non-participating firane being benefited by the spillover
effects resulting from the program’s participantgiich could cause the estimated
effects of the program to be underestimated.

Finally, the third and most serious problem haddawith selection bias: “since
neither the firms receiving support, nor those aoplying for government-sponsored
projects can be considered random draws, the cmtistn of a valid control group is a
challenging task to be performed by the evaluafbine relevant issue is that, to analyze
the impact of the program by a simple comparisotwéen beneficiaries and non-
beneficiaries, both groups must be chosen randofmdyn the universe of the
companies. In the absence of randomness, it becomesdifficult to construct a valid
control group.

This randomness of access to technological programst feasible, neither for
the companies that require public support nor lier dgencies responsible for granting
the funding®. With regard to the firms, it is possible that otthe most technologically
suitable, or those more inclined to make greatghrtelogical efforts, seek government
support for realizing technological projects. Hoe funding agencies, there are possibly
a series of prerequisites for the companies béfae can take part in the program.

According to Blundell and Costa Dias (2000), “amiudual’'s participation
decision is probably based on personal charadteyigtat may well affect the outcome
Y as well”. If this is true, there should be sonogrelation between the participation in
the policy variable (P) and the error term. To swarnee, the variable ;P which

identifies the participants and non-participantghia policy, is not a random variable,
contradicting one of the prerequisites of the aadyreast squares (OLS) models. That
is the reason why these models generate biasetiatssi in the parameters of the
equation (Hussinger, 2003).

2 Busom (2000) discusses the determining factorsfifors that seek public support as well as the
decision of financing agencies to grant funding.



Busom (2000) adds another problem that is in a el@sely related to selection
bias: the problem of the endogeneity of public fagd This problem stems from the
fact that for most of the financing agencies, teeision to grant funding may be based
on certain performance indicators for firms tha¢ also, possibly, the firms’ own
performance indicators, which will be evaluateeiab determine the effectiveness of
the programs. Funding would therefore be grantea @niority basis, for example, to
more productive firms, which would make the evahraif the impact of the funding
on the productivity of these firms later on muchrendifficult. In this way, once again,
there will be a correlation between thevriable and the error term, due to the non-

randomness of the participation in the policy. Tin@’s participation in a given policy
would actually be a function of a vector of varedlelated to the determinants of those
seeking to participate in the program, on the pathe firms, and the determinants of
the funding grant, on the part of the funding agesnc

There are different methods available for correctproblems related to the
evaluation of the impact of public funding programespecially selection problems.
According to Blundell and Costa Dias (2000) “theppriate methodology for non-
experimental data depends on three factors: the ofpinformation available to the
researcher, the underlying model and the pararoéieterest”. In this sense, the range
and quality of available information play an essdnble in the selection of adequate
models. Longitudinal data allow less restrictive dels to be applied, due to the
existence of information from the same companyistint moments in time, in other
words, before and after participating in the progra

As we have these two kinds of databases, we wéllvasious different methods
in order to perform the evaluation. Related to ithpact of ADTEN in technological
efforts of beneficiary firms, the database used & the Technological Innovation
Survey (PINTEC) of 2000, which is a cross sectiatadase. Thus, the methods applied
will be the Propensity Score Matching and a SedacModel. Regarding to the impact
of the program over productivity and growth of bigriary firms, the difference-in-
difference method will be applied to longitudinata of the Annual Industrial Survey
(PIA). The methods will be detailed as follow.

2.2.1 Propensity Score Matching

One of the methods commonly used to analyze thedipf public policies is
propensity score matching (PSM). The quasi-nataergleriments generally use this
technique, which is also largely used to evaluatias program¥.

The main objective of PSM is to perform counterdattevaluations to respond
what would have happened if those that did notiveca given treatment had received
it. In other words, 'what is the mean treatmeneetff? In case the distribution of the
treatment was random within a given sample (fornga if the experiment were
natural), this question would have a simple answenvould suffice to test the
difference in the means of the variable that ispegpdly impacted by the treatment for
case groups (consisting of those receiving thertreat) and control groups (composed
of those who are not receiving the treatment)”.

12 Meyer (1995) provides a good description of thecpdures for natural and quasi-experiments in
economics and Wooldridge (2002) describes the rtreatment effect.



The PSM technique is actually a probabilistic mdtet seeks to correct the fact
that the distribution of the treatment group is rastdom, as it constructs control groups
based on the probability that the firm has receitlesl treatment. In this case, the
probability that the firm has received the treattmignestimated using a probabilistic
model with independent variables selected in acore with theoretical assumptions.

According to the procedures in the literature, P8bks a matching of the
estimated probabilities of each individual. This tohéng considers two types of
individuals: one that receives the treatment and tirat does not. Considerthe
individual that received the treatment arﬁql(x) its probability of receiving the

treatment. Considgrthe individual that does not receive the treatnad p, (X) its
probability of receiving the treatment. If withinsanall radius based op, (X) there is
at least onep, (X) i and j, they will form a pair of treatment-control indlials.

So, one of the econometric procedures that willded in this study consists to
find a control group using propensity score matghiiollowing the same procedures
described in Aerts and Czernitski (2004). Aftertireatest of difference between two
means will be implemented, comparing the two groapdirms: beneficiaries and
control group. The steps are the followings:

- Linking information from FINEP about firms that esged support of
ADTEN, with information from the other availabletdhases.

- Establishing and estimating a probabilistic modelobtain the estimated
probability of whether or not the firm might be aneficiary of the program
from 1997 to 1999.

- Based on estimated probabilities, calculating thehdanobis distance
between each of the beneficiary firms and all the-beneficiary firms.

- Choosing the non-beneficiary that is closest tdhdameficiary firm, in order
to get the best control group possible.

- The previous steps were carried out using the weareple of industrial firms
and two sub-samples, of innovative industrial firared of industrial firms
with positive R&D spending.

- This set of beneficiary firms would thus have thmntrol groups, one
consisting of a complete sample, another would taraple of innovating
firms and a third would be a sample of firms witl&R spending. These
would be the three contrafactuals used in the s&efi. In each sub-sample,
the restrictions of either being innovative or maypositive R&D spending
will be applied also to the beneficiaries firmsdrder to avoid that control
group be more innovative that the treatment one.

- Establishing a t-test between the averages of tipeags for variables such as
R&D expenditures, productivity and size of the firm 2000.

2.2.2 Difference-in-differences model

The difference-in-differences method is also wideded in the evaluation of the
impact of public policies, specifically incentivelfies (subsidies) to R&D. Contrary to
“two step selection model”, which is more usefutnoss-section data but could also be



used satisfactorily with longitudinal data, thisthw can only be used for the latter
(longitudinal data).

Also known as a natural experiment, this method¢orting to Blundell and
Costa Dias (2000) “typically considers the poli@form itself as an experiment and
tries to find a naturally occurring comparison grdhat can mimic the properties of the
control group in the properly designed experimeotaitext”.

The method consists of evaluating changes in therage behavior or
performancef the individuals “treated” before and after th@ipy being evaluated, and
comparing these changes with those on the contmlpg So, the first step of this
procedure is to apply the PSM in order to get @robgroup for the participants firms.

According to Arvanitis (2002), for empirical proaeés that use panel data, this
estimator, constructed based on temporal changeedlifferences between beneficiary
and non-beneficiary firms, is one of the most wydsdopted procedures. “Under certain
conditions, this approach can be used to recoeeavierage effect of the programme on
those individuals who entered into the programmeé thus measuring thaverage
effect of the treatment on the tredt&dour italics). This way, the method manages to
remove the individual non-observable effects.

Formally, the coefficient that it will measure, this case, the impact of the
policy, is 9, and couldbe defined as:

51 = (Vlt _?J.t—l) - (?Ot _?()t—l) (2

whereY, _, is the sample mean of the outcome variable reguftiom the first
year for non-beneficiaries, and, is the same mean for the non-beneficiaries (control

group) the second yeaY, , and Y, are defined in a similar way for the treatment

group. This method does nothing more than expurtietdemporal effects caused by
non-observable variables.

This method would get around the problem of thé lat information on the
beneficiaries in case they would not have recettiedreatment. To estimate this effect,
the method starts out with the supposition thateoaiset of the firms’ characteristics
that can influence its outcome variable (like pratduty or size) is controlled, the value
of this variable for the firms of the comparisorogp are the same as that the treated
firms would have had if they had not been treated.

One of the method’s disadvantages is that it adtytsimportant and rather
restrictive hypotheses: i) that the temporal effeate the same for the two groups
(treated and non treated); and ii) that there arehanges in the composition of the two
groups.

2.2.3 Two-step selection models

This type of model, inspired in Heckman (1979) isrenadequate for cross-
section data and consists of estimating, in tret fitage, the likelihood that the firm is
participating in a given program. In the secondystaan outcome equation will be
estimated with the selection bias correction.

13 Also see Wooldridge (2002).



Formally, the first step would estimate, using @fr model, the following
equation:

P=)Z +¢ , (3)

This is theselection equation, where P is the observed variable that says whether a
firm is participating in the funding program or nahd Z is a vector of relevant
explanatory variables.

Busom (2000) lists some determining factors foreascto R&D funding
programs, such as the size of the firm, origin apital, external and technological
performance, among others. With regard to the oeteng factors for the funding
agency as to whether to grant the funding or nug tlepends greatly upon each
program’s specific characteristic3o illustrate this point, Busom mentions some
possible determining factors, such as the sectahich the firm operates, the existence
of major or minor positive externalities resultifigm the investment in a specific
project, the size of the company, etc.

Based on equation (3), estimates of the inversésMdtio will be obtained for
each individual from the sample as shown by:

A(Zy) = % for the firms participating in the program and 4)
AZ.y) L

A, (Z.y) = ————=— for non-participating firms; 5

0(Zy) 1-0Zy) participating 5)

whereg(.) is the density function andd (i3 the cumulative distribution function of the
standard normal distribution N(O, 1)

The inverse Mill's ratio is an instrument that Wbk used to correct the selection
bias in the second stage, which consists of estignétte objective equations (6) and (7)
through the ordinary least squares (OLS) modehfiothe sample and for the group of
participants and non-participants separately (JarriP99 and Busom, 2000T.he
equations are:

Yi =a + B Xy + A (Ziy) + (6)
Yi =a, + O, P + BX, + A (L)) + 1y, (7)

Equation (6) is thetreatment equation that will be estimated for each group
(beneficiaries and non-beneficiaries) separatety eguation (7) will be théreatment
equation estimated for whole sample. In both equations,kfer non-participants and
k =1 for the firms that participate in the progra¥, is a vector of explanatory variables;

Ay (Z,y) is the Mill's inverse ratio andP, is the dummy variable for firms that participate in
the program.

The existence of selection bias can, therefore;dseected and tested based on
the statistical significance of the tem equations (6) and (7). After estimating the
treatment equations, it is necessary to estimatédterage Treatment Effects (ATE).

There are at least two ways of estimating ATE. ©@héhem can be found in
Busom (2000). The author seeks to evaluate theteffehe R&D subsidy on the actual
R&D effort of beneficiary firms, in order to estiteathe effects of crowding in and
crowding out. What this paper seeks to do is vamjlar. The procedure consists of

9



estimating equation 6 for the two groups of firmparicipants and non-participants in
the subsidy policy) separately, using the firms’RR&xpenditures (or productivity) as a
dependent variable. After that, we compare the ipredilue of dependent variable

(R&D expenditure or productivity) for participatirfgms (Y,”** = E{Y, | P =1} ) with
their potential outcome, which are those prediaagishe coefficients estimated for the
non-participants (Y, = E{Y,|P=0}). The Y™™ constitutes the policy’s

necessary counterfactual, and the comparison whi¢h gredict expenditures would
measure the impact of the policy on the firms’ R&forts. Formally, the ATE based
on equation (6) will be:

ATE.: Ylpredict _Ylpotential - E{Yl | P :1} _ E{Yl | P :O} or (8)
ATEL= X, 5, = X, /5, 9)

where g, is the vector of estimated coefficients for papating firms; S, are

the estimated coefficients for non-participatingns and X, are the regressors of

participating firms*. The treatment effects will be estimated only astigipating firms,
that is, it is the “average treatment effects eated”.

Another way to calculate the average treatmenteffes based on equation (7),
that is, the treatment equation estimated for treptete sample. In this equation, there
will be a dummy variable to identify the participanof the program. The average
treatment effect is very similar to the first odecording to Greene (2000, p. 933), it
can be estimate as follows:

ATE2 = E{Y, | P =1} - E{Y, | P =0} or, in this case (10)
AZy) __¥Zy)
ATE2 = {,8 X, +o+ ¢(<D(Z )H {ﬂi X, +¢( 1—¢(Ziy)ﬂ (11)
ATE2=05+ ¢[L} (12)
b (1-P)

where 0 is the estimated parameter for the dummy variaifleprogram
participation @), like in equation (7); ¢ is the estimated parameter for Mill's inverse

<o( y)j d(_ AZ.y)
) 1-®(Z,y)

for participants and non- part|C|pants, respectivélgain, we will calculate the ATE2
only for participating firms, that is, the averageatment effect on treated.

ratio (lambda) and the ter j are the Mill's inverse ratio

One of the principal advantages of the two stepcsiein models, to correct the
selection bias, is the fact that it can be appiiedross-section data. Moreover, it can
demonstrate that the procedure produces asymgplpticansistent and non-biased
estimates of the regression parameters. Anywaylways will estimate a simple OLS
model in order to provide a benchmark for the rtssofl the selection models.

* The Mill's inverse ratio is one of the regressatewever, in the second term of right side of eigumat
(9), the Lambda that will be used will be that cédted for non-participating firms in equation (Bie in
Greene (2000), p. 933.

10



In general, there can be some overlap between thbitPand regression
variables and the model will continue to be ideadif once the residuals are normal and
the model is correct. However, if vector X (equat® and 7) was equal to vector Z
(equation 3), there could be a high correlatiowieen inverse Mill's ratid A, (Z,y))

andg, X,., which could result in very high standard errors foe estimates of the
parameters (Hussinger, 2003).

3 Scope oF THE ADTEN PROGRAM IN THE BRAZILIAN |INDUSTRY

Table 1 presents the volume of resources disbursgdnwhe framework of
ADTEN and the number of firms that benefited from pinegram from January 1997 to
May 2005. During this period, 457 different firmere benefited from the program, in
506 credit operations. The number of firms is déférfrom the number of operations
because 49 of the firms had more than one prommtosed during this period. There
has been a decreasing number of firms that bededit@ually from the program. Over
90 firms were benefited in 1997, increasing to IiZg®s in 1998, and afterwards a
decreasing trend to reach 18 firms in 2004. In 20@%e was an increase to 52 firms.
The amount disbursed by FINEP also decreased slightly not as much as the
reduction observed in the number of firms. This iigantly increased the average
amount lent to each beneficiary firm, especiallyimy the past four or five years of the
period under consideration.

TABLE 1. NUMBER OF FUNDING OPERATIONS , FIRMS BENEFITED AND AMOUNT OF

FUNDING DISBURSED BY ADTEN FrROM 199710 2005.
Year Number of firms Numbgr of Amount disbursed Amou.nt disbursed

operations (in constant R$) (in US$)
1997 93 95 678,802,183 629,686,626
1998 128 132 722,699,975 622,748,794
1999 55 56 234,922 505 129,455,285
2000 36 36 116,967,498 63,909,681
2001 41 41 221,107,544 94,072,304
2002 52 52 328,916,005 112,596,195
2003 27 27 208,449,234 67,715,698
2004 18 18 135,932,395 46,458,319
2005 48 49 573,603,177 235,546,640
1997 to 2005 457+ 506 3,221,400,517 2,002,189,543

Source: FINEP. * The total number of firms is nqual to the sum of firms in each year, because some
firms had received ADTEN funds in more than one.yHaat also is the reason because the number of
operations is greater than the number of firms Wiéee from the program in each year

ADTEN'’s small direct impact on stimulating innovatigetivities becomes clear
when one compares its disbursements with just poe of expenditure for innovative
activities: R&D. In 2000, Brazilian industrial fisninvested US$ 2.02 billidnin R&D
internally. In 2003, they spent US$ 1'86illion on the same activity. In 2000, ADTEN
spent 1.6% of the total expenditure for R&D of c@mies in Brazil. In 2003, the
program spent around 3% of the investments of Baazfirms in R&D. Inasmuch as
FINEP is the main funding agencies for technologicabvations in Brazil, apart from

!> Spot market exchange rate of US$ 1 = R$ 1.83 (2000
'8 Spot market exchange rate of US$ 1 = R$ 3.07 (2003
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capital-goods purchases, the figures would seenndizate that the availability of
public credit may be limited in Brazil for innovedi activities in general, and especially
for R&D. Even private sources of credit seem to beyvow in Brazilian industry, as
one can see in the figures of sources of credihnovation activities: about 90% of
expenditure in R&D in Brazilian industry is finamteby innovating firm’s own
resource¥.

The second relevant indicator regarding the effeth@ ADTEN program is the
number of companies funded. In Brazilian industityere are approximately 80
thousand industrial firms with more than 10 empés/eFrom 1998 until 2003, an
average of about 23 thousand firms produced teoliaal innovations. Out of all the
firms that generate product or process innovatiamdy 7000 had annual in-house
R&D. Between 1998 and 2003, ADTEN financed an awerafy57 firms per year,
amounting to 0.2% of the innovating firms and 0.8Pthe firms that invested in R&D.
Considering the total number of industrial firmsttwiover 10 employees, ADTEN
funded only 0.07% of Brazilian firms.

With current expenditures around US$ 2 billion bedw 1997 and 2005, and
with a small number of firms actually having betefit seems that the impact of the
program and its potential to significantly impronational technological innovation is
rather limited. Therefore, it would not be realigticexpect significant spillover effects
of this program on non-beneficiary firms. This ingglithat the evaluation of the
program will be limited to only the program’s ditémpact on actual beneficiary firms.

What are the characteristics of firms that are libeeficiaries of ADTEN? In
this respect, this paper will analyze just firms time industrial sector, because
information about R&D spending and innovation isypded only to industrial firms.
This is one of the reasons why the number of firras tHecreased from 457 to 95.
Another reason is that the industrial innovatiomvey (PINTEC) is a representative
sample of industrial firms with more than 10 emgey. In this sense, not all
participants firms are in this survey. Finally, e only evaluating the performance of
the firms that were benefited from the program|#aDo.

Table 2 shows a few indicators for industrial firti@t are beneficiaries of
ADTEN compared to those that are not. Statisticsab® presented only for innovating
firms and only for firms that had invested in R&D2000°.

Firms that are beneficiaries of the program clegoBrform much better
economically and technologically than those thahdb They are much larger than the
others in terms of the number of workers as in seofrturnover.

The same may be observed for variables such as girathy workers’ average
level of education, number of patent applicatioradye of exports, and R&D spending.
The total amount of expenditures for R&D of firmstHenefited from the program is
substantially higher than the expenditures for R&D those that did not. When
measured as a proportion of the net income fromsshle expenditure for R&D of the
beneficiaries equals 1.2% of the revenue, compswed national average of 0.7%.
However, when compared only with innovating firmswith firms that have R&D

7 According to the Brazilian Innovation Survey (PIEC) in 2003.

8 1t is worth noting that the number of beneficidiyns that are part of the sample decreases after
comparing information about firms that benefit fréf@TEN with the PINTEC sample. This was to be
expected due to the sample procedures used by FINAild also because among the beneficiaries there
are firms from the service sector that are not ptte industrial survey of PIA and PINTEC.
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spending, the share of R&D in revenue of the berafj firms is lower than the other

two groups.

With regard to external performance, in 2000, biersfy firms exported an
average of R$87.6 million compared to an averagR%8 million for other Brazilian
industrial firms. Once again, firms with R&D spengiare the group that comes closest
to the ADTEN beneficiaries, with average exports graximately R$ 17 million in

2000.

TABLE 2. SELECTED INDICATORS OF BRAZILIAN INDUSTRIAL FIRMS THAT WERE OR
WERE NOT BENEFICIARIES OF ADTEN - 2000.

L Non-beneficiaries of ADTEN
. Beneficiaries of nnovating ———y
Indicators ADTEN Total Firrs 1 R&D spending

Average Average Average Average
Number of employees 743 68 116 207
Turnover (R$ 1000) 157,030 8,488 18,934 41,738
Labour productivity 2 (R$) 57,847 18,335 23,740 31,722
Employees’ schooling years 8.37 7.14 7.56 7.81
Stock of patent applications 1.48 0.09 0.21 0.48
Stock of patent applications (per
100 employees) 0.76 0.12 0.21 0.42
Foreign established firms (%) 10% 3% 6% 9%
Exports (R$ 1000) 3 87,579 8,004 11,676 17,132
Export coefficient3 0.16 0.15 0.14 0.12
R&D spending 4 (R$) 2,940,360 55,810 157,050 441,719
R&D on turnover (%) 1.2% 0.7% 1.9% 5.4%
Private R&D spending 4 (R$) 2,586,011 54,163 152,412 428,673
Private R&D on turnover (%) 1.1% 0.7% 1.9% 5.2%
Private resources on total R&D 88% 97% 97% 97%
Number of firms (sample) 95 10,231 5,333 2,600
Number of firms (population) 138 71,859 24,581 9,079

Source: IBGE, Directorate of Research, Industrial Coordination, Industrial Research — Technological
Innovation Survey - 2000. Developed by authors based on the processing of data received from the source
and with the incorporation of data from Annual Industrial Survey (IBGE), External Trade Database
(SECEX/MDIC), Census of foreign capitals in Brazil (BACEN), Annual Social Information Register (MTE)
and FINEP. (1) Innovating firms are those that had some type of innovation between 1998 and 2000 or
had incomplete or unfinished innovation projects during this period. (2) Value added by employee. (3) Only
for exporter firms. (4) The total R&D spending includes internal R&D and acquisition of external R&D and
is divided in private and public resources.

Despite these differences, it is still not posstoleonfirm that the beneficiaries
performed better because of the program. The fund@inguestion is whether the
program truly improved the economic performance aeachnological outputs of
beneficiary firms, or if these firms were alreadyrm competitive and would have
invested more in R&D even without access to thgmm. This is a crucial problem of
public policies that stimulate innovative activitjemainly those focused on promoting
in-house R&D. To broaden this evaluation of ADTEN mder to shed light on this
point, the next sections use statistical tools desd in the methodological section to
evaluate the program’s effective impact on variebluch as R&D spending,
productivity and growth of the firms.
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4 RESULTS

Although the ADTEN program reaches only a limited bemof firms, it is important
to know if its disbursements stimulate or simplytsR&D investments from private to
public ones, the well-known *“crowding out” effectf @ublic policy incentives.
Although ADTEN's incentive scheme does not involweect subsidies and it does not
only finance R&D, this question is applicable besmthe program provides technology
funding whose supply in Brazil is in general noaitable, specially with long-term
interest rates below that of the short-term fam&t running expenses. Thus, it can also
have a positive impact on R&D private expenditures.determine whether ADTEN
has or not has a “crowding out” effect, we use prgity score matching and selection
models, as described before. In addition, we ussetimethods to evaluate whether the
productivity is higher in participating firms conmmpagy to the non-participating ones.

Another set of questions regards the evolutionoofies economic indicators of
the beneficiary firms, like productivity and growtfihat is, the dynamic aspects of
firm’s performance. The question is whether theipi@dnt firms grew more than those
who did not participate in the program and whetiey show a higher productivity
growth rate. This evaluation is performed by thdedénce-in-difference method based
on 1996-2003 data of the Industrial Survey (PIA).

Therefore we use two different datasets, a crossosat database (the 2000
Technological Innovation Survey) and a longitudioale (the 1996-2000 Industrial
Survey). Two selection equations will be estimateditder do construct the control
group to participant firms, for the years 1996 2000.

4.1 Propensity Score Matching

The first step of the propensity score matching asspecify a model for
estimating the probability of participating in tA®TEN program. That is, theelection
equation that will be used in the selection models as witle PROBIT uses several
variables that are relevant for explaining the Taiccess to ADTEN:

i)  Size, measured by the logarithm of number of engs#eyin the firm;

i)  Solvency indicator, expressed in dummies CR1 to ,Gi#ich measure
the relationship between firm’s running expensasdéd by borrowing
and the firm’s turnovér.

i)  Age of the firm;
iv) Market share of the firm.
v) Capital origin, by a dummy variable to identify thogeign firms;

vi) Exporting firm, measured by a dummy exports variable years lagged
to avoid simultaneity between participating in f@gram and being an
exporter,

vii) Technological effort, measured by a dummy variablgéntify firms that
execute continuous R&D activities;

9 Solvency is one of FINEP's criteria for grantifumding.
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viii) Sector and region origin, by dummies relative te thector — high
technology sectors versus low ones — and regiomenthe firm is located.

TABLE 3. PROBABILITY ESTIMATE WHETHER OR NOT A FIRM RECEIVED FUNDING
FROM ADTEN —2000(PROBIT MODEL).

Firms with positive

. Total sample Innovating firms R&D spending
Explanatory variables standard standard Standard
Coefficient tandar Coefficient tandar Coefficient tandar
error error error
Intercept 419" 0,22 3,727 0,25 385" 0,33
Employees (LOG) 0,237 0,03 0207 0,04 0,197 0,05

Dummy variable CR1 (first
quintile of expenditures with

interest/turnover) 0,44 0,11 0397 013 -0,46" 0,17
Dummy variable CR2
(second quintile of
expenditures

with interest/ turnover) 0,497 0,15 -0,60° 0,18 -0,95 " 0,31
Dummy variable CR4 (fourth
quintile of expenditures with
interest/ turnover) 0,13 0,09 0,07 0,11 0,05 0,13
Dummy variable CR5 (fifth
quintile of expenditures with

interest/ turnover) 0,10 0,10 -0,02 0,12 -0,05 0,14
Age of firm (LOG) 0,09” 0,04 0,01 0,05 0,13" 0,06
Market Share 0,29 0,69 0,56 0,71 0,60 0,74
Foreign firm (dummy

variable) -0,51 0,12 -0,60 0,14 -0,66 0,17
Exporter firm in 1998 .

(dummy variable) 0,39 0,08 0,50 0,09 0,28 0,12
Continuous R&D (dummy .

variable) 0,29 0,08 0,20 0,09 0,24 0,11
Intensive technology sector .

(dummy variable) 0,20 0,07 0,22 0,08 0,19 0,10
South or Southeast Region

(dummy variable) 0,09 0,08 0,11 0,10 0,06 0,12
Beneficiaries (n / N) 94 |/ 135 77 / 110 58 / 76
Non-beneficiaries (n / N) 9884 / 69.463 5214 |/ 25.006 | 2.600 / 8.138
Log likelihood -703,5 -544,9 -340,6

R2 0,3 0,25 0,24

Source: FINEP (Research and Projects Financing Agency); IBGE (National Statistics Bureau): PINTEC
(Technological Innovation Survey) and PIA (Annual Industrial Survey); SECEX/MDIC (External Trade
Office/Ministry of Industry and Trade); Censo de Capital Estrangeiro/BACEN (Census of foreign
capitals/Braziliain Central Bank); RAIS/MTE (Annual Social Information Register/Ministry of Labor).

Obs. (*), (**), (***): significance at 10%, 5% and 1%, respectively. (ns) Non-significant variable. The
number of firms (n) refers to the observations in the sample of Innovation Survey and (N) regards the
number of observations in the population.

Table 3 shows the results of probabilistic modelghat is, the selection
equations — used in propensity score matchingedatercontrol groups. The signs from
the parameters generally corresponded to thosecthelhe statistical significance of
the parameters was good and the statistics of thdelsm showed consistency in the
selection of explanatory variables. Table 3 presémtsresults of estimates for three
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different samples: 1) the entire sample, ii) thb sample of innovating firms, and iii)
only for R&D spending firms.

The models indicate that size is generally a relevariable in the probability
that the firm is a beneficiary of ADTEN. The firms’'rpf@rmance characteristics — such
as insertion in foreign markets and carrying outtcmous R&D activities — also have a
major influence on access to the program, posssbigwing the existence of self-
selection in the sample. The firm’'s age, a variaded in different studies as an
important factor for accessing technological atfiviunding programs, was also
relevant, as was the firm's sector of activity.ns geographical region, therefore,
wasn't statistically significant. Lastly, foreignrrhs are less likely to obtain loans from
ADTEN.

TABLE 4. TEST OF DIFFERENCES IN AVERAGES ACCORDING TO SELECTED VARIABLES FOR
FIRMS THAT RECEIVE SUPPORT FROM ADTEN AND THE CONTROL GROUP —2000.

L Firms with positive R&D
Total sample Innovating firms .
. spending
Variables

Control Bene- t Control Bene- t Control Bene- t

Group ficiaries ivalue. Group  ficiaries valuei Group  ficiaries value
Turnover (R$ 1000) 152,633 147,983 0.06 84,988 161,675 -1.39: 118,188 200,984 -1.04
Employees 773 816 -0.20 800 697 0.51 686 876 -0.91
Labour productivity1 o
(R9) 49,639 59,400 -0.96 38,124 64,421 -2.44 57,782 67,307 -0.63
R&D spending 2 -
Total (R$ 1000) 1,689 1,504 0.13 468 1,849* -1.93 796 2,329 -1.58
R&D share on -
turnover (%) 0.53 1.36 -2.01 1.50 168 -0.31 165 223 -0.85
Private R&D
spending 2 (R$1000) 1,663 1,454 0.15 407 1,785* -1.94 747 2,240 -1.52
Private R&D share on "
turnover (%) 0.52 1.18 217 1.44 146 -0.05 157 1.92 -0.71
Number of firms 92 92 73 73 52 52
Source: FINEP (Research and Projects Financing Agency); IBGE (National Statistics Bureau): PINTEC

(Technological Innovation Survey) and PIA (Annual Industrial Survey); SECEX/MDIC (External Trade Office/Ministry
of Industry and Trade); Censo de Capital Estrangeiro/BACEN (Census of foreign capitals/Braziliain Central Bank);
RAIS/MTE (Annual Social Information Register/Ministry of Labor). (1) Value added by employee. (2) The total R&D
spending include internal R&D and acquisition of external R&D and is divided in private and public resources.Obs.
(*), (**),(***): significance at 10%, 5% and 1%, respectively.

The purpose of estimating the model only for innmgafirms or simply firms
that spend in R&D activities was to select more bgamous groups of firms. It is
reasonable to believe that innovating firms anohdirthat spend in R&D are different
than the average industrial firm. The selection edoece for the control group therefore
becomes more rigorous in a more homogenous grofipr.

After estimating the selection equation, a matclpngcedure that follows what
was suggested in section 2.2.1 was applied to #tae. dAfter that, the difference
between firms that benefit from ADTEN and the cohtn@up for each category were
compared (table 4). The number of beneficiary fiamalyzed was reduced to 92 in the
complete sample, to 73 in the sub-sample of inmogdirms, and to 52 in the sub-
sample of firms with R&D spending. The reason fas tis, first of all, the lack of
proximity between some of the beneficiaries andtnodghe non-beneficiaries, which
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precludes the creation of a consistent contra &dtr the formers. Another reason is
that the two sub-samples (innovating firms and R&ins) are smaller than the
complete sample, including in the group of benafiei®.

The relevant variable in the analysis of the polcympact on the R&D
expenditures of beneficiary firms of ADTEN is the R&Rpenditure as a proportion of
net sales turnover (RLV). In the model with a coat@lsample, there is a positive and
statistically significant difference in the relaighip R&D/RLV between the group of
beneficiary firms and the control group. In thiseathe beneficiary ones invested 2.3
times more than the firms which were not benefiegof the program. In this case, we
are considering only private resources. In the cdde&D expenditures of public and
private resources, the difference is even gre&tdren we analyze the sub-sample of
innovating firms and firms with R&D spending, thldgference is no longer significant.
However, in this group of firms there is a statigtisignificant difference in labour
productivity and in the amount of R&D expendituhe.the sub-sample of firms with
R&D spending, no variable was significant.

These results indicate that in 2000, investmentsemadR&D by firms were
greater among those that received support from ADTHNE is evidence of crowding
in, because access to ADTEN influenced R&D privateeexlitures beneficiary firms.
However, this evidence has not been statisticaibvgn in the model for innovating
firms and R&D firms, most likely because the diiece among those firms in these
more homogenous samples would only appear if thiplkeasize was larger. Despite this
technical difficulty, it is important to note thR&D expenditures of firms that receive
support from ADTEN continue to be positive in these tmodels, and do not show any
evidence that would support the existence of cragdut effects.

4.2 Two step selection model

The second methodological procedure utilized tottesimpacts of ADTEN on
the firms’ R&D expenditures is a two-stage selectimodel, inspired on Heckman
(1979), as described previously, and further useBusom (2000) and Jarmin (1999).

The first phase consists of assessing the probabflia firm being a participant
of ADTEN. Thus, we will use the same PROBITS&ection equation of the propensity
score matching using the sub-sample of R&D firmes, the estimate equation of table
3. In this case the control group is constructely for R&D firms. Subsequently, the
Mill's inverse ratio is calculated for each firmgliowing the procedures described in
section 2.4 (equations 4 and 5). The second phaseaéss an OLS model, with Mill's
inverse ratio acting as one of the explanatoryades. This procedure would correct
the selection bias observed. The significance af variable in the model would prove
whether or not there is indeed selection bias.

Table 5 shows the results of the OLS estimates anth without correction for
selection biasThe dependent variable is the logarithm of compari®&D private
expenditures. The first regression is a simple Old&8lehthat will be used to compare
the results of the selection models. The other &geations are the models with
selection bias correction, according to section 2htere are two equations, one of them

% The criteria of being innovative or having postiR&D spending were applied also to participant
firms.
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estimated for participants and non-participantsassply, and another one for the
complete sample.

The explanatory variables used in the model are sinyjlar to that used in the
selection equation. However, in order to avoid tdeation problems in the equation,
some variables must be different between the seteaquation (table 3) and the
treatment equation (table 5). Thus, in the treatregoation the dummies which seek to
assess the solvency of the firm are not used. &urtbre, there is no economic sense in
using these variables in the treatment equation. &Anew variable is used as proxy for
both the firm’s labor qualification and its techogical capacity, the employees’
schooling years.

The results show that the explanatory variablesig®ficant for the most part
and show the expected signs. The statistical saamtie of Mill's inverse ratio indicates
the existence of selection bias.

TABLE 5. REGRESSION MODELS FOR TOTAL R&D EXPENDITURES (ONLY FOR FIRMS
WITH POSITIVE R&D EXPENDITURES) - 2000

Selection models
OoLS
Explanatory variables Beneficiaries Non- All firms
beneficiaries
L tvalue L tvalue L tvalue L tvalue

Intercepto 5117 24.7018.16 3.36 555  19.93 529" 19.67
Dummy for Beneficiaries | 0.36 122 - - - = 5437 508
Employees (LOG) 0.67  25.47 0.06 0.17 0.62° 1874 0.67  22.40
Employees’ schooling 0147 865 029 201 0237 12,61 0.237 1294
Firm's age (LOG) 0197 491 -0.11 -0.20 0.05 1.01 0.05 1.18
Firm’s patents (1998) 036  3.45 0.32 0.65 0.19° 232 0237 282
Export firm (1999) 0.32°  4.40 -0.48 -0.69 0.07 0.93 0.13" 1.79
Foreign firm 046~ 436 191 1.88 059 622 045 509
South-Southeast Region = 0.19"  2.88 -0.76 -1.27 0.04 0.57 0.03 0.49
Technology-intensive
sector 0.56 9.11 -0.25 -0.41 0.53 7.84 0.56 8.50
Lambda (Mills inverse . .
ratio) -3.12 -2.51 -4.89 -6.07 -2.23 -4.82
F value 283.4 4.0 248.6 227.0
Adjusted R2 0.51 0.33 0.48 0.48
Number of firms 2485 57 2428 2485

Source: FINEP (Research and Projects Financing Agency); IBGE (National Statistics Bureau): PINTEC
(Technological Innovation Survey) and PIA (Annual Industrial Survey); SECEX/MDIC (External Trade
Office/Ministry of Industry and Trade); Censo de Capital Estrangeiro/BACEN (Census of foreign
capitals/Braziliain Central Bank); RAIS/MTE (Annual Social Information Register/Ministry of Labor). Obs.
*), (**),(***): significance at 10%, 5% and 1%, respectively.

To estimate the average treatment effect (ATE) wéovolthe calculation
described in section 2.4. The first way to calculiie treatment effect uses the two
equations of selection models estimated to padidipand non participant firms
separately. Therefore, the average treatment dffetttis case — ATE1l — is based on
equations 8 and 9 (section 2.4). The second appr@adh calculate the average
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treatment effect (ATE2) based on equation estimatedllt firms. This calculation
follows the procedures described in equations 112to

Table 6 synthesizes the results of the ADTEN prograeifects on R&D
expenditures according to the OLS model and teé#hection models.

TABLE 6.EFFECT OF TREATMENT ON R&D EXPENDITURES OF FIRMS

Model Impact of ADTEN program
ATE t value
OoLS 0.36 (ns) 1.22
ATE1 - Selection model (beneficiaries X
non-beneficiaries) 0.33 ok 3.70
ATE?2 - Selection model (all firms) 0.25 i 3.08

Source: FINEP (Research and Projects Financing Agency); IBGE (National Statistics Bureau): PINTEC
(Technological Innovation Survey) and PIA (Annual Industrial Survey); SECEX/MDIC (External Trade
Office/Ministry of Industry and Trade); Censo de Capital Estrangeiro/BACEN (Census of foreign
capitals/Braziliain Central Bank); RAIS/MTE (Annual Social Information Register/Ministry of Labor) Obs.
(*), (*%),(***): significant variables at 10%, 5% and 1%, respectively. (ns) Non-significant variable. ATEL1 is
based on equations 8 and 9; ATE?2 is that on equations 10 to 12.

Results show that there is evidence that the pnognas both positive and
significant impacts on the R&D expenditures of Hemary firms. According to
selection models, firms that receive funding fror@T&EN have, in average, R&D
expenditures between 28% and 349more than firms that do not benefit from this
program. This result shows a positive impact of ADTHN R&D spending of
participant firms, like in propensity score matahireven for a sub-sample of more
homogenous firms, that is, those with positive R&kpenditures. Although there is a
bias, the difference between the estimates of rdegtrhent effect on selection models
and on OLS is small, since in simple OLS model A¥E is around 43%. In both
estimates the program has positive impacts on R&herditures. In conclusion, there
is concrete evidence that the ADTEN program stimsalptesate investments in R&D.

How about the impact of ADTEN on participant firmsbguctivity? To answer
this question the study has applied the same puoee@election models) to another
dependent variable defined as the logarithm of éirproductivity. For this we used, in
order to calculate the Mill’'s inverse ration, thenge selection equation presented in
table 3. The difference is that we estimate thetrireat equation with the complete
sample instead of the sub-sample of firms with pesiR&D spending. The results for
the OLS and selection models for productivity dreven in Table 7.

The specification of the treatment equation is #maes as that used for the R&D
firms’ spendings. However, in the treatment equmatay productivity, the Mill’s inverse
ration was not statistically significant which esrttes that there is no selection bias in
the sample when we analyze the impact on prodixtiim this way, the impact of
ADTEN on firm’s productivity may be calculated by thienple OLS model.

Therefore, the results of this procedure are car#isvith those found when
propensity score matching with different averages wsed. In other words, although
the evidence was positive in both procedures, ékalts are not conclusive because the
parameters are not statistically significant.

L Once that the dependent variable is expresseatimstof logarithm, the percentual impact resutisnfr
the following equation: [exf)-1]*100.
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TABLE 7. REGRESSION MODELS FOR ESTIMATING DETERMINANTS OF FIRMS ’
PRODUCTIVITY (IN LOGARITHM ) - 2000.

Selection models
_ oLS N
Explanatory variables Beneficiaries on- All firms
beneficiaries

4 t value £ tvalue [  tvalue £ t value
Intercepto 654" 5150 10.19 55 583" 4133 579 4290
Dummy for Beneficiaries 0.50 128 - - - - -0.51 -0.57
Employees (LOG) 0117 599 -0.13 -1.18 0.13° 725 014  8.44
Employees’ Schooling 0117 1181 0227 496 0.16 1560 0.16 1590
Firm’s age (LOG) 0197 830 008 046 031 1249 0317 12.60
Firms with patents (1998) | 0.33" 2.61 -0.19 -1.12 0.11 1.48 0.11 1.55
Export firm (1998) 0597 943 -0.02 -0.1 048" 1007 049 10.90
Foreign firm 0.66 583 0.29 0.12 056 833 0537 827
Technology-intensive
sector 0.45 9.49  0.02 0.12 0.34 7.73  0.35 8.02
South-Southeast Region =~ 0.18"  4.94 -0.01 -0.05 0147 356 014  3.63
Lambda (Mills inverse
ratio) - - -0.45 -1.28 -0.35 -0.71  0.30 0.85
F value 134 5.01 252.5 232.3
Adjusted R2 0.11 0.28 0.19 0.19
Number of firms 9831 94 9737 9831

Source: FINEP (Research and Projects Financing Agency); IBGE (National Statistics Bureau): PINTEC
(Technological Innovation Survey) and PIA (Annual Industrial Survey); SECEX/MDIC (External Trade
Office/Ministry of Industry and Trade); Censo de Capital Estrangeiro/BACEN (Census of foreign
capitals/Braziliain Central Bank); RAIS/MTE (Annual Social Information Register/Ministry of Labor).Obs.
*), (**),(***): significance at 10%, 5% and 1%, respectively. (ns) Non-significant variable.

4.3 Differencein difference method

Another major goal is to measure the impact of ADT&Nthe performance of
firms, grasping a dynamic view of the policy evaioa. In other words, we wish to
know whether participant firms have a major ratgmiwth both of productivity and of
size than non participants ones. Despite the pnogrdimited reach, this is a
particularly relevant issue for public policies. dnder to do this evaluation, the best
procedure is the difference in difference methascdbed in section 2.3.

The selection of control groups was made in 1996ther words, the PROBIT
for estimating the firm’s likelihood of benefitinijom ADTEN was estimated using
data from 1996. The treatment period was from 18992002. The year of comparison
for verifying the difference between groups was 200hus, the variation rates were
from 1996 to 2003.

Table 8 presents the results of the PROBIT modéh thie dependent variable
being whether the firm is a beneficiary or nottoé ADTEN program. This is the same
model used in table 3. The difference is that ther ysed for the estimate is 1996 and
the database used is the Annual Industrial Survagrefore, we do not have, in this
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case, variables of technological efforts of firnmsl ave have a larger sample than in the
Technological Survey. The signs and meaning of Hrarpeters are consistent with the
expected.

TABLE 8. ESTIMATE OF PROBABILITY THAT THE FIRM IS A BENEFICIARY OF THE
ADTEN PROGRAM - 1996(PROBIT MODEL ONLY FOR FIRMS WITH MORE THAN 30
EMPLOYEES)

All firms
Variaveis Coefficient Standard
error
Intercept -3.977 0.35
Employees (LOG) 022" 0.04
Dummy variable CR1 (first quintile of expenditures with .
interest/turnover) -0.23 0.13
Dummy variable CR2 (second quintile of expenditures
with interest/ turnover) -0.13 0.13
Dummy variable CR4 (fourth quintile of expenditures with
interest/ turnover) 0.07 0.11
Dummy variable CR5 (fifth quintile of expenditures with
interest/ turnover) -0.02 0.11
Age of firm (LOG) 0.03 0.07
Market Share 0.49 0.61
Foreign firm (dummy variable) 047 0.15
Exporter firm in 1995 (dummy variable) 0.39 0.09
Firm with patents register in 1995 (dummy variable) 0.27: 0.13
Intensive technology sector (dummy variable) 0.23 ) 0.08
South or Southeast Region (dummy variable) 0.16 0.09
Beneficiaries (n) 126
Non-beneficiaries (n) 11519
Log likelihood -596.65
R2 0.15

Source: FINEP (Research and Projects Financing Agency); IBGE (National Statistics Bureau):
PINTEC (Technological Innovation Survey) and PIA (Annual Industrial Survey); SECEX/MDIC
(External Trade Office/Ministry of Industry and Trade); Censo de Capital Estrangeiro/BACEN (Census
of foreign capitals/Braziliain Central Bank); RAIS/MTE (Annual Social Information Register/Ministry of
Labor). Obs. (*), (**),(***): significance at 10%, 5% and 1%, respectively. (ns) Non-significant variable.

The next step is to create a control group usingnatiee propensity score
matching procedure, as described in section 2.2erAthat, we have estimated a
difference in averages test on the rate of increfgarnover, productivity, number of
employees and average wage of the fffiriBable 9 shows the statistics for the average
difference between 1996 and 2002 for the groupoohpanies that received support
from ADTEN and the control group.

2 The rate of growth of this variables is calculatsd(value in 2003 - value in 1996) / value in GP®@r
all the variables in table 9.
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TABLE 9. RATE OF GROWTH OF REPRESENTATIVE VARIABLES FOR THE PERFORMANCE
OF FIRMS THAT RECEIVED SUPPORT FROM ADTEN AND THE CONTROL GROUP FROM
1996-2003

Rate of growth

Variables
Control group Beneficiaries t value
Turnover 0.12 0.76 2.58***
Employees -0.04 0.75 - 3.32%**
Average Wage 1.67 1.61 0.98
Labour productivity 0.15 0.14 0.11
Number of firms 118 118

Source: FINEP (Research and Projects Financing Agency); IBGE (National Statistics Bureau): PINTEC
(Technological Innovation Survey) and PIA (Annual Industrial Survey); SECEX/MDIC (External Trade
Office/Ministry of Industry and Trade); Censo de Capital Estrangeiro/BACEN (Census of foreign
capitals/Braziliain Central Bank); RAIS/MTE (Annual Social Information Register/Ministry of Labor). Obs.

*), (*%),(**): significance at 10%, 5% and 1%, respectively. (ns) Non-significant variable. Turnover, wage

and productivity were deflated by the wholesale price index (IPA).

Results show higher growth rates for firms thateveeneficiaries of ADTEN.

This can be inferred from the variables net turn@ret number of employees. The null
hypothesis that the growth rates in the control eatment groups were equal between

1996 and 2003 was rejected for these two variables.

In the case of productivity and average wage thesignificant results indicate
that it was not possible to reject the null hypsteeegarding the groups’ equality in the
period 1996-2003. This period of analysis is stih short to verify significant changes
in these indicators of the firm’s performance. Maer, the theoretical literature about
technological innovation and technological effostsows that innovating firms can
loose productivity immediately after the innovatid?roductivity gains would require,
therefore, a longer time lag to occur.

To sum up, the ADTEN program had a positive impacthan firms’ growth
regarding turnover and number of employees. Howdwher results are not conclusive
with regard to other two performance criteria, protdsity and average wage, which
seem to require a longer maturation process to shmwilie positive effects.

5 FINAL REMARKS

Evaluation of public policies that focus on stimirigtinnovative technological
activities, especially R&D in firms, are relativebpmmon in literature for developed
countries. However, these studies are comparatizely in developing countries such
as Brazil. Moreover, no econometric study has badslished in this country using
information on firms. This study seeks to make atrdoution in this area. It evaluates
the impact of the Technological Development Supgemdgram (ADTEN) on the
performance and technological efforts of Brazilismdustrial firms. This work is
unprecedented in its content and procedures, pgravidor the first time a
comprehensive analyzes of the impact of technodgmovation support programs in
Brazil at the firm’s level.

The study has shown that ADTEN reaches a relativelitdd number of firms,
considering the magnitude of Brazilian industry.rdaches only 0.07% of Brazilian
industrial firms with over 10 employees. The voluoferesources borrowed by firms
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within the framework of the program amounts to ohl§% and 3% of the companies’
expenditures used for R&D in 2000 and 2003, respeigt

Table 10 shows a synthesis of the evidences fougdrdag the impact of
ADTEN in the performance of Brazilian industrial fisgnconsidering the methods and
outcome variables that were analyzed.

TaBLe 10. IMpPACT OF ADTEN PROGRAMA ON THE PERFORMANCE AND
TECHNOLOGICAL EFFORTS OF BRAZILIAN FIRMS ACCORDING TO DIFFERENT
METHODS: 199610 2003.

Impacts of ADTEN on

Method i
Growth Productivity Tecgf?grléglcal
Propensity Score Matching Ns* +
Selection models Ns +
Difference in Difference + Ns

Obs. (Ns*) means that, despite the significance of the difference of averages in one sample, in other two
samples this difference was non significant. (Ns) means a non significant difference and (+) means a
positive and statistically significant difference between participants and non participants of ADTEN.

The program was evaluated between 1996 and 2003 tikanpoints of view.
The first was to see if there was complementaritgudrstitution between public and
private resources in the firms’ R&D expendituresntpelling evidence was found that
ADTEN positively influences a firm’s private R&D expditures. The second was to
assess the impact of ADTEN on a firm’s overall perfance. Three indicators were
analyzed: growth, productivity and technologicdbgf The results indicate that there is
clear evidence that the program positively infllesn¢he economic growth of firms,
which was measured by the rate of increase ofurebver on sales and the number of
employees. There is also evidence that ADTEN has @iy@osmpact on productivity
and patent applications, although the results ateonclusive as the parameters are not
statistically significant.
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