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Executive Summary

This study analyzes the existence of a complemgntalationship between public and private

spending on Research and Development activities. réBults show that public funding does not
produce a substitution effect on private spendimdact, depending on the methodology used, public
subsidies actually produce a crowding in effeaipto 49% on private spending.

JEL: C23; L11;

Keywords: Public Financing, Private R&D Spending, Compleraeity or Substitution, Chilean
Manufacturing.

1. Introduction

Chile presently possesses a policy supporting iatow in firms. Its implementation rests largely in

the hands of CORFO through its Innova Chile progn@nThe various funding lines have been
essentially set up to complement private reseanchdevelopment investment and other innovative
activities carried out by firms.
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The main justification for spending public resowan these activities is the presence of market
failures. These lead to a potentially lower-thasidble level of private sector funding and/or
participation in these activities. Thus emergesribed for the State to stimulate the development of
these activities, especially given that the inteomal evidence reveals the positive impact of R&D
and its innovations on productivity and ultimately the growth of nations.

However, clearly economic resources are scarcettamefore must be allocated as efficiently as
possible. In this particular context, efficiencypiies that the public funds targeted at innovatod
R&D must carry out the role for which they were ded. In other words, that they effectively
constitute a complementary source of funds toithesfown efforts.

Therefore, one of the main objectives of public Rgdlicy schemes is to support projects that would
not otherwise be undertaken by firms alone. Thierseto investments with a high degree of
uncertainty regarding the results and returns enitlrestment made (market failures), which are
characteristic of this kind of activity.

The objective of this study is to look for eviderafehe effects of public R&D policy schemes on the
Chilean manufacturing sector. Through the use dichiag techniques proposed by the empirical
literature and using the results of the Fourth &f&tl Innovation Survey of 2005, the following

question will be tackled: Does the public supportR&D activities complement or substitute private
R&D spending in Chilean firms?

2. Review of theLiterature

2.1. Conceptual framework

The market failures associated to innovation suggesinderinvestment in R&D projects given that
firms will only carry out projects that are privitg@rofitable. This implies that there are projetttat
offer significant benefits to society but that dat wover the private costs and will therefore net b
carried out by firms.

This is the main reason for justifying public fircamg for private R&D. The subsidy allows firms to
reduce investment costs and therefore increasestimeait in innovative projects. This will in turn
raise the productivity level of firms.

However, there is a risk that firms will have anédntive to apply for public funding for their intexd
benefit alone, in other words, to fund privatelynbegcial projects that they would have undertaken
anyhow without public funding. The substitutionpsfvate for public funding is known as crowding-
out and must be taken into account by the autksritihen evaluating the efficiency of public R&D
funding policies.
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Nevertheless, as Busom (2000) suggests, evidenee ngigative relationship between public and
private R&D spending is not necessarily impliesemative impact of public funding policy. The
reason for this is that public programmes may s$ielglg choose projects with high social returns and
a high likelihood of generating spillovers, whiahedto problems of appropriability, do not encourage
the private sector to add extra resources to théifig already provided by the State.

Projects with high spillovers and low appropridabilievels are unlikely to attract much investment

from the private sector, unless their additiongduinproduces returns that they can adequately
capture. As such, in certain cases, a high pubending accompanied by a low additional private

contribution does not necessarily imply a negaitiwgact of public financing policy.

Thus, to get a good picture of the effect of puB&D funding policies, an estimator is requiredttha
captures as accurately as possible the hypothetifat that firms would have made in the absence
of public subsidies. This is the key aspect ingtuely of causal effects.

2.2. Prior experience

With regard to the impact of public funding on @tie® R&D, the literature follows various different
tracks. The inconclusive findings of the empirittdrature are essentially due to the difficulty in
making this kind of analysis due to the potentiéstion bias.

In general, public funding recipients are probabhosen according to technical and economic
feasibility of the project and the background imfation of the applicant firm. Therefore, public
funding becomes endogenous which leads to incemsiits in the estimators of interest when that
variable is correlated with the error. Furtherm@® a result of political incentives for examptdsi
quite likely that the authorities act on a pickig-winners basis. In other words, that the autiesri
will choose firms and projects that are “sure tkingnd that consequently would probably be funded
by firms in any case. This would, in effect, produn “intentional” substitution effect (crowding-
out).

David, Hall and Toole (2000) provides an overvidvthe literature on the relationship between R&D
subsidies and private R&D spending for various lev& aggregation. All the reviewed studies
attempt to estimate the sign and magnitude of ¢hesfiiect of public funding policies. At an industr
and country level, 2 of the 14 studies reviewedeabvthe existence of crowding-out, both
corresponding to U.S. data. At a laboratory andistiy level, 9 out of 19 studies reveal the existen
of crowding-out, 7 of which are based on U.S. data.

Busom (2000) presents evidence on the effects bfigpfinancing on the innovation activity of
Spanish firms. It also studies the characterigifcerms with a higher probability of participating
public financing programs. Through systems of equat the author models the decision of firms
when applying for funding, the decision rule of tngthorities in allocating subsidies and the R&D
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spending decision by firms in one or the other dwond that is, with or without public funding. The
author finds that small firms are more likely toei/e a subsidy than larger ones. This may beaue t
the specific characteristics of smaller firms, suah higher risk aversion or financial market
restrictions, or financing policy orientation towlarthese kinds of firms. In terms of the impact of
public financing policy, the author finds that iergeral public funding induces more private effort,
with the exception of 30% of firms in which a cramgout effect cannot be ruled out.

Lach (2000) uses data on manufacturing sector fimsrael between 1990 and 1995 to estimate the
impact of the subsidies provided by the Ministry laflustry and Commerce. Using different
methodologies such as the Before-After estimatdferénce-in-differences and various dynamic
data panel models, the author finds different tesd¢pending on the methodology used. However,
the conclusions of the article indicate that therao crowding-out in the subsidized firms and that
the long-run elasticity for R&D subsidies is 0.22.

Wallsten (2000) uses data from the SBIR Prograniémpnted in the United States to estimate the
impact of subsidies on the innovation performantesmall high technology firms. The author
indicates that “Empirical studies to measure tHecgfof these government grants typically regress
some measure of innovation or firm productivityg(dR&D spending or employment) on the subsidy.
Many of these studies find a positive correlatietween government R&D funding and private R&D
effort and employment. While this approach canl#ista a correlation between government grants
and firm R&D, it cannot determine whether grantsseafirms to do more R&D or whether firms that
do more R&D receive more grants...” (Wallsten, 20pB2). Given this perception, the author
proposes estimating a multi-equational model thatva the contrasts of the above hypothesis to be
separated. His results indicate that firms with enemployees and patents receive more funding from
the SBIR but that the subsidies do not seem taaffe employment level of the beneficiary firms.
In fact, through this methodology, the author firdédence that the SBIR grants substitute private
R&D funding dollar for dollar. In other words, hénds evidence of crowding-out in the grants
provided by the SBIR program.

More recently, Almus and Czarnitzki (2002) suggéstt, for the case of Germany, the innovation
activity of firms that receive public funding inareed by approximately four percentage points
compared to firms that did not receive public ficiag. Although the Mannheim Innovation Panel
(MIP) contains panel data, the authors estimateethluross-sections for the three available years
(1994, 1996, and 1998). Using non-parametric matchiethodology, they estimate the causal effect
of public funding by comparing the results of igr between the firms that received subsidies and
those that did not. The propensity score is es@thabnsidering dummies by industry; dummies by
cohort (relative to the year of the estimate, 19886 or 1998); number of employees to control for
firm size; exports, imports and market share tarabfior competitiveness; age of the firm to cohtro
for the propensity to engage in innovative projgitss expected that older firms will be more
hesitant to invest in R&D and are therefore lelsslyi to apply for R&D funding, while newer firms,
when being set up, must invest in innovative atitisiand are therefore more likely to apply for
public financing); intensity of capital to contrédr different technologies used in the production
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process; possession of an R&D department to cofdarahnovation performance; legal structure of
the firm to control for the firm’s attitude to risknarket concentration; and the type of ownersliip o
the firm, in other words, if it belongs to a foreigr a West Germany company. It uses the difference
in-differences methodology.

In the Chilean case, Benavente (2003) finds thahduhe 1995-1998 period, Chilean manufacturing
firms that received public funding for R&D: a) haigher R&D spending, b) made more process
innovations, and c) had productivity improvemermtsmpared to similar firms that did not receive
public funding. A crowding-in effect is also obsedvin R&D spending in firms that received public
funding. He finds that for every dollar the goveamh provides in subsidies, firms allocate 1.3
dollars. This suggests a crowding-in effect of @olars. The author also finds that firms that have
cooperated with universities and/or public R&D inges present higher levels of R&D spending
than firms that have not entered into formal cartravith these types of institutions.

Finally, Bérubé and Mohnen (2007) examine whetirensf that received R&D subsidies, on top of
tax incentives, have a better innovation perforreacmmpared to those that were only favoured with
tax incentives. Using Canadian manufacturing firatadfor the year 2005, and non-parametric
matching estimators, the authors find that recgi®&D subsidies on top of tax incentives improves
the innovation performance of firms.

3. Empirical Application

3.1. Data

The data used in this study comes from the Founthey of Technological Innovation (INE, 2005).
That survey is an essential tool for measuringstiage and the dynamics of innovation in Chilean
firms (Universidad de Chile, 2005). It has beengpessively perfected over the years, always in line
with international standards, in order to charaztéethe various aspects related to the innovation
process of Chilean firms. It should be noted that,contrast to previous years, this version
incorporated a complete section on R&D spending peidonnel following the guidelines of the
OECD Frascati Manual.

The statistical unit considered in the followingabsis is firms that invest in research and
development. Thus, every company that indicatddviested its own resources in R&D activities,
either basic, applied or experimental developmergart of the sample of this study. As indicated i
the following table, the sample included 610 firms2004. As a result of the sampling procedure
applied for the survey implementation (INE, 200&hen the corresponding sectoral expansion
factors are applied, the expanded sample total3ZiEms.

centro de analisis i+e
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TABLE 1

As the above table shows, most firms that carry R&D activities are from the agricultural,
livestock, hunting and forestry sector as welllas manufacturing sector, with a respective share of
31.9% and 30.1% of total firms. Further behind lkies transport, storage and telecommunications
sector with 14% of the expanded total.

Considering only the firms that received governmaitisidies (12% of the universe), the following
table shows that on average 39% of total R&D fimagpacomes from the State (considering all
funding sources) and 69% comes from private fundligs proportion varies from sector to sector.
In some cases, such as fishing and education,Bebsiutweigh private sector spending.

TABLE 2

Of the 294 firms that received subsidies (12% efttital), the following table shows that the shafre
the subsidy as a proportion of all R&D spendingbfjsuand private) varies according to the
economic sector. The average subsidy in 2004 repred 43% of total public and private R&D
spending in the firms studied albeit with significalifferences between sectors. For example, in the
case of education, subsidies accounted for 86%talf firm spending in that sector, while in trangpo
subsidies represented 50% of total public-privaending. The average subsidy in the manufacturing
sector totalled 41% of total public-private R&D sg@g.

TABLE 3

In order to better characterize the firms that wtobd R&D activities in 2004, the following table
summarizes some of their main production variabld®e selection of the variables for analysis
closely follows the suggestions made in the retterature in terms that could be closely linked to
their own R&D efforts (Benavente, 2002).

Concerning private sector R&D spending, the infdrama presented in Table 4 suggests that the
distribution of that spending is highly asymmetince the mean of that distribution is significgntl
higher than the median indicating that a small groifirms spends disproportionately more than the
rest. Therefore, the values are also presentedartitgs of the natural logarithm of private spewgli

to prevent the extreme values from being excessideterminant on the mean of the spending
distribution. In effect, once the logarithmic comsien is applied, the average and median values
match better thereby revealing a more symmetriisitiolution as shown in the second row of Table
4.

The above also applies for the subsamples presantkd following columns; groups that have been
separated between firms that received public R&iarcing and those that did not. The statistical
significance of the differences in means (in lotemnis) between these two groups is presented in the
last column of the table.
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In terms of size, either measured by total salesiarber of workers, Table 4 indicates that firmet th
received public R&D subsidies are larger than thbsg did not. Firms that received subsidies also
applied on average for more intellectual propesdsepts and carried out more cooperation activities
compared to those without subsidies, among othsrcas of interest. However, a higher proportion
of firms that did not receive these subsidies H&® departments within the company.

TABLE 4

4. Effect Analysis

The empirical evaluation of the impact of policyasares or, in general terms, of any treatment faces
well-recognized problems associated to the nattitbkeoexperiment and the type of data available.
For example, we may want to evaluate the impa@noR&D support program comprising of a tax
incentive for those investments. The impact of gheicipation of a firm in that program would be
easy to calculate if we could observe the companyoth states at the same point in time: “R&D
spending with treatment”, to measure the resulth&f firm that participated in the incentives
program; and “R&D spending without treatment”, teamure the result that the firm would have had
had it not participated in the incentives progr&uansequently, the impact of the incentives program
on firmk is expressed by:

1. =Y —Y¢) (1)
in t=t,, where:
Yk1 = R&D spending of firmk with treatment (subsidy) if.t
Yk0 = R&D spending of firmk without treatment (subsidy) ig t

T, = Impact of the program (or treatment) on fiknwhich captures the spending differential on
R&D as a result of being in one state or the other.

The above expression cannot be estimated direalyause it is impossible to observe the
performance of the same company in two differeatest (with and without subsidy) over the same
point in time. This is the main problem of programpact evaluations. As such, the literature that
tackles these issues proposes alternative metbaredte the contrafactual (the non-observable stat
of the firm or individual under study).
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Another problem in program evaluations is that@émeyal the allocation of the treatment (allocation
of a subsidy to a given firm in this case) is rastdom, and randomness is an essential assumption fo
directly measuring the impact of the program. livére not random, it would not be possible to
generalize the impact of the program based on eulegion of the effect that it had on the
participating group since that group has certairecéjg characteristics that determine its
participation.

It is also possible that the allocation of the timeent is dependent on certain conditions presehéy
authorities. For example, tax incentives are offdrefirms that, in the opinion of the authoritiese
more likely to successfully implement the project whose R&D spending is above a given
threshold.

Then, through program design or simply by selfc@a (firms or persons that possess
characteristics that determine their participatio@ program) the assumption of randomness is not
fulfilled. This, together with the non-observahiliof the contrafactual, makes it difficult to eséta

the impact of a given program.

Four methodologies covered in the literature foasuging the impact of public funding policies on
private R&D spending are described below. Theyagppglied sequentially on the sample of 2,523
firms that indicated they invested in R&D with thewn funds in 2004. The assumptions underlying
each methodology are discussed as well as thespomding results.

4.1. Average Treatment Effect (ATE)

Under certain conditions, experimental type datavalthe contrafactual to be constructed thus
eliminating the evaluation problem. The contribotiaf experimental data lies in the elimination of
the problem of self-selection since the treatmgmtlocated randomly to individuals. Then, under th
additional assumption of the absence of spillovlts,untreated group is statistically equivalent to
the treatment group in all dimensions except thatinent status thus permitting the construction of
an adequate control group. Under this assumptioe, ATE estimator can be measured in the
following manner:

Qe = (Vf(l)l - (VtO)J ent=t, (2

In t=t,, whereY: andY: denote the average result of interest for griooftreated firms (T) and

groupj of untreated firms (NT) respectively in the samemmnt in time xxxx. Graphically, the
estimator is represented as follows:
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FIGURE 1

If for one moment, the assumption that R&D finagcia allocated randomly were established, the
estimator of the average impact of the treatmemEQAdescribed in (2) could be calculated to
approximate the effect of public policy on priv&&D spending.

Tables 6 and 7 present the results of the ATE astinfor the years 2003 and 2004 respectively. The
estimator is applied to the universe of 2,523 fithet finance R&D with their own funds, and on the
subsample of manufacturing firms, differentiating bectoral patterns in the production of
innovationdescribed in the previous section.

Column DIF (T-NT) captures the estimator described2). In other words, the difference in the
average R&D spending of firms with subsidy relatiee the average private spending of firms
without subsidy measured in thousands of Chileasoge The following column reveals the
proportion of that difference with respect to thverage spending of firms without subsidy. Finally,
the last column captures whether the estimatedréifice — ATE, is statistically significant.

TABLE 5
TABLE 6

The results suggest that while the difference ofape spending reported by firms in both groups is
positive, the corresponding statistical test dagtsimdicate that that difference is significantrtRaf
this result may be due to the high level of hetenmity existing among productive sectors, which is
not controlled by this estimator.

A sharper view is obtained by analysing the martufirmy sector in particuldrThe results presented
in the earlier tables indicate that in the year8328nd 2004 manufacturing firms with subsidy spent
more on R&D compared to those without subsidy. M2, the former spent 161% more than the
latter while in 2004 the difference was 232%. Timgplies that public funding is leveraging private
funding in manufacturing sector firms.

An analysis by sectoral pattern in the productiérinmovation within the manufacturing sector
seems to indicate that firms that received subsidied are labour intensive and have large scale
production, spend on average more on R&D than tbeimterparts without public funding, thus
suggesting a leveraging effect for this group oh8.

! For the sectoral heterogeneity of returns to R&B €oto and Suzuki 1989 for Japan and Benaveale et
2006 for Chile.

Z |t also has the advantage that most studies @e issues have been based exclusively on manuifagtur
sector information.

3 A detailed description on sectoral typificatioredsn the manufacturing sector is available inappendix
section.
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4.2. Difference-in-differences Estimator (DID)

As mentioned earlier, the consistency of the estmabove is heavily dependent on the assumption
of randomness when allocating a treatment — raggipublic support. It should be highlighted that
public R&D and innovation financing programs fornfis apply a selection process following
previously established criteria, such as techréced economic feasibility, innovative merit and/or
whether or not it belongs to an economic sector igharioritized by the institution. Therefore, the
chosen firms probably possess specific charadterigiat make them different to those that did not
apply for the subsidy or that were not selected.

This difference between the two groups does notvalin adequate control to be set up based on
those that do not receive subsidies since the dybsipact estimator would not only capture the

effect of the subsidy itself, but also the effettloe specific characteristics of the groups. This

implies that the subsidy impact estimator couldl el over or underestimating the corresponding

effect (depending on the effect of those specitfigracteristics on R&D spending).

An alternative to the ATE is to capture the effeth treatment, in this case of an R&D subsidy, on
the same individual or firm dynamically. This medhoonsists of comparing the average result of
firms with the treatment with the same firms beftire treatment. By applying time differentials, the
specific characteristics of the firm that remaimst@ant over time are nullified and therefore the
estimator will be free from its effect.

Nevertheless, the assumption of invariance oves tgruite strong once the period of analysis ts no
too short. There are also changes than can aff¢lettbe treatment and non-treatment firms. If this
not taken into account, changes in the subsidyitraspact variable could be erroneously attributed,
when in fact what occurred is more due to changdké context surrounding the firms — economic
cycles — more than to changes in its R&D activities

In order to control for transitory events that afféoth treatment and non-treatment firms, and the
specific characteristics of the treatment and @bngroups, the literature suggests calculating a
difference-in-differences estimator defined by fiblllowing expression:

Nl N2
01 01 00 00
2 =YD D (=YD,
— k=1 _ n=1

Torein o =
DIF -in-DIF Nl N2 (3)

Aoie-in-piF = (Vgl _V?‘ll)i - (V?O _Vtof)l)j

10
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WhereYtOl is the result of a firnk belonging to group of treated firms that receive subsidies only in
tand Y, is the result of the same firm without treatmert-il. Meanwhile,Y, is the result irt of

a firm n belonging to group of non-treatment firms anhi}?f is the result of the same firm in- 1.

N1 is the total of firms that were treatedtimnd non-treatment ih— 1, while N2 is the total of
untreated firms in and int — 1. Graphically, the estimator is representefbiésns:

FIGURE 2

As such, the first differences clean the effectthefspecific characteristics of the groups orréseilt
variable, in this case private R&D spending. Meaitaylthe second difference cleans the effect of the
transitory events once they affected both the meat and non-treatment groups. However, if those
transitory events do not affect the private R&Drgpirg of both groups equally, the estimator will be
biased since it will be capturing that differensanzell as the effects of the subsidy.

The results of the difference-in-differences estonapplied to the data sample are presented in
Table 7.

TABLE 7

While the results tend towards the same direct®nha ATE estimator, it is dangerous to infer a
statistically significant positive impact. Thish&cause the number of observations of the treatment
group is too few compared to the control group.sTdiécurs because the former have to fulfil the
condition that during the base year 2003 they didraeceive any State support, but in the year 2004
they did. Meanwhile, the control group is comprisgfdfirms that did not receive public R&D
financing in 2003 or 2004.

4.3. Matching using Propensity Score and Observables

Given the above situation and that the allocatibeubsidies is not a random process, the literature
suggests the application of matching techniquess Trethodology produces a situation in which
there are no statistically significant differendestween subsidized firms (treatment group) and
unsubsidized firms (control group) in terms of ttiearacteristics that affect the probability of
receiving public financing. This situation allows adequate control group to be created to
approximate the contrafactual of the subsidizeddiand thereby estimate the causal effect of public
financing on the R&D spending of firms.

The causal effect can be approximated in the foigunanner:

11
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6 =E[f*-v°|D=1]=E[y*|ID=1]-E[y°|D=1 (@

Where Y* denotes the result variable of a firm that receisabsidies andy® denotes the result
variable of a firm that does not receive subsidiz$s a dummy variable that takes the value of 1

when the firm receives public financingElY1 |D =1] is observed and can be estimated in an
unbiased manner based on the mean of the residbleconsidering the firms that have received
subsidies. However, the reS\.EEtlYO |D = 1J, corresponding to the contrafactual, is by definitnot

observable, and therefore it is necessary to ésfalgertain assumptions that can offer some
approximation of its value.

It is clear thatElY0 |D= 1] cannot be calculated based on the mean of thé kesiable of those
which have not received subsidies since:

E[v°|D=1#E[y°|D =0 (5)

This condition is only fulfilled if the allocationf subsidies were random. However, this does not
really happen, both due to firm self-selection piwting-the-winners type behaviour.

Rubin (1977) introduced the Conditional IndepenéeAssumption (CIA) to overcome the problem
of the expression in (5). This condition impliesttithe participation (subsidy recipients) and the
potential result (for example R&D spending) areeipeindent for individuals with the same group of
exogenous characteristicé= x:

(YYhoD|X=x (CIA) (6)

This condition allows the problem of non-obseni@pilof the contrafactual to be overcome
ElY0 |D= 1]. As such, if CIA is fulfilled, thenElY0 |ID=0,X = xiJcan be used to approximate
the potential result or contrafactual. However, @/Aonly fulfilled when all variables that affedtet

result of interest’® andY* and the participation statidsare known. Thus, it holds that:
E[V*ID=1X =x|=E[Y°|D=0X =¥ (7)

This means that the result of interest of the atée group can be used to calculate the averagk res
of the treated group in an unbiased manner. Thizeuse there are no differences between the
groups once the observables X = x are controlledFimally, the causal effect specified in equation
(4) is redefined as:

12
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¢ =Ely*ID=1X =x|-E[¥*|D=0,X=x (@)

The expression in (8) can be estimated based oméla@ of both groups (treated and untreated). The
next step is to find appropriate pairs of subsidizend unsubsidized firms with the same
characteristics in vector X in order to obtain (8).

A significant problem of the CIA is that it require large range of exogenous characteristics to
ensure validity. The high dimensionality of vectgrcan make it impossible to finds pairs with
exactly the same characteristics. Fortunatelyeiugenous variables vectgrcan be condensed into
a single scalar named the Propensity Score. Inctse, this measure represents the probability that

firm i receives public financing given the charactersstiectorx, that isPr(D, = 1| X = x).

Rosenbaum and Rubin (1983) show that if the ClAulflled, it is enough to condition on the
Propensity Score to ensure the independence opadhential result (in this case, private R&D
spending) and the receipt of subsidies, as lorngere is a common support between the probability
distribution of the treated and untreated grougds Theans that there must be treated and control
firms with similar probabilities of receiving publfinancing.

Therefore, the matching procedure consists of dhgasfirm with subsidy and to find a clone of the
group of firms without public financing, conditidnan that the probability of receiving public
subsidies is sufficiently similar between both f&rm order to correctly approximate the contrafaktu
of the treated firm based on the firm without sdigsi

Nevertheless, Lechner (1998) suggests a hybridhimatdn which, apart from conditioning on the
propensity score, the observables are also condifioThis would make sense considering the
possibility of finding, for example, for a subsid@ firm of the mining sector a clone from the
financial services sector, revealing that from tdsghnological — non-observable point of view, they
can have very different needs from R&D neéds.

Following Lechner (1998), a hybrid matching has rbesstimated, with one modification, as
suggested by Abadie and Imbens (2006), that thehmaf has been done using only one continuous
variable — the propensity score. The remainderhef vtariables on which the matching has been
conditioned is discrete; that is: economic seondre(n the sample includes all firms), sectoral patte
of the production of innovation (when only manutagtg firms are considered), possession of an
R&D department within the company, region (whettier firm is in the capital Santiago or in the
other regions) and the ownership of the firm (peveersus the others).

* Abadie and Imbens, 2006, show that using more dim@ncontinuous variable for the matching can pcedu
problems of consistency in the estimators.
> The results of the econometric estimates are pregén Appendix I1.
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Based on these estimates, the sample include& im#tiching can be considered well-balanced. This
implies that there are no observable differencdsvdmn the treated and control firms, with the
exception of the treatment condition of coursesTieans that a good random treatment allocation
process has been simulated within the sample. &sts bn means implemented indicate that the
equality of means between groups cannot be rejdce@ach of the variables considefe@ihe
results of the matching technique are presentesllimow in Table 8.

Considering the sample of manufacturing firms, mietching methodology allowed a clone to be
identified for 31 of 89 subsidized firms of the ®@c The average R&D spending of firms that
received subsidies is 182 million pesos, while shene figure for the controls that did not receive
funding is 54 million pesos. The difference in mgah 132 million therefore captures the impact of
subsidies on private R&D spending in manufactufings. This implies that on average they spend
262% more than their counterparts without subsidisvever, these results should be viewed with
care since, as mentioned earlier, the distribudfdR&D spending is highly asymmetrical.

Table 8 shows that the distribution of R&D spendafidpoth treated and control firms is asymmetric.
Moreover, the distribution of the difference of meaof the 31 cases analysed is also highly
asymmetrical. This is graphically confirmed in Fig®. While the mean is 132 million, the median is
only 34 million.

FIGURE 3

As a result of the distribution of the differencé means, which comes from the asymmetric
distribution of R&D spending of treated firms, & tonsidered better to interpret the impact of
subsidies in terms of the median of the distributdd means. As was discussed in Section lll, firms
are highly heterogeneous in terms of spending. &fbeg, a single firm can shift the mean sharply to
the right leaving the remainder of the observatitangs left. Clearly, this is not very representat
for the other firms; although the median shoulddpresentative in this particular case.

Considering the median of the distribution of th#edence of the means, the R&D spending of
manufacturing firms with public financing is 34 tiih pesos higher (85% more) than that of the
control firms. A bootstrapping tésbn the hypothesis that the median of the diffegenicmeans is
equal to zero is rejected at the usual confideael$.

Meanwhile, a sectoral pattern analysis of the ptodao of innovation did not reveal significant

differences between the spending by subsidizechahdubsidized firms. This may be due to the few
observations available in each group and the fewchiregs carried out within this already small

sample.

® See Appendix.
" See Appendix II.
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4.4. Interpretation of theresultsfor manufacturing firms considered in the matching

As mentioned above, the results show that manufagtfirms with subsidies spend a median of 34
million pesos more than those that did not recemelic financing. This result indicates that public
financing for R&D activities has a positive impamt private R&D spending by stimulating the
recipient firm to invest more resources than it lddwave spent in the absence of the subsidy.

This can be verified by comparing the result vddatf the treated and control firms, in which the
only observable difference between both groupshes ¢ondition of treatment. Therefore, the
difference in R&D spending between both groupsislg the result of that condition. This positive
impact of public financing is known in the literaguas a crowding-in effect of private financing in
R&D.

A more detailed analysis of the group of firms thatre included in the estimates, whose results are
presented in Table 11, sheds some interestingtse#uteveals differences in the impact by sedtora
pattern on the production of innovation. While agg (and median) manufacturing firms present a
crowding-in effect of public R&D financing, inpuntensive firms present the opposite effect —
crowding-out; however it is not significant at theual confidence levels.

TABLE 9

Meanwhile, Table 12 shows that most firms with gifiee impact of public financing have an R&D

department. Moreover, over half are exporters dray tare mainly concentrated in the capital
Santiago. While they do not carry out cooperatictiviies, most of them indicate they highly value
internal sources for generating innovative ideas.

TABLE 10

45. Leveraging Measure

Once a positive impact of public financing on thievgie R&D spending of manufacturing firms is
found, it is worthwhile determining the degree e¥draging of the subsidy. In other words, how
many extra pesos were spent for every peso indybisat was received by manufacturing firms.

To this end, an explanatory model of private R&Braging in 2004 was created (measured in natural
logarithm) considering the 31 manufacturing firmsieth showed signs of crowding-in. The subsidy
received by the firms during 2004, the lagged R&i2raling of the firm, sales, employment level
and age of the firm, were included as explanatanyables, all measured in logarithms. The results
are presented below:

15
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TABLE 11

Table 11 shows the long-run elasticity of privat&Rspending with respect to public financing,

which is 962

ot~ 0.70. This indicates that a 10% increase in thsidylproduces a 7% increase in the

long-run R&D spending of the firm. If the elasticis divided by the subsidy-private spending ratio

taken at the mean (see Table 11), the level oihthrginal effect can be captured, which%!%z

0.97.. This indicates that each additional pessutisidy increases long-run private spending by an
average of 0.97 pesos. Assuming matching gran¥)%f, there would be no additional leveraging
above the amount that the firm has to co-finance.

As mentioned earlier, when the distribution of aaie variable is not very symmetrical, the median
may be more representative than the mean in oodehdracterize the range of observations in the
study. As Figure 4 and Table 11 show the subsidsf®e spending ratio is not symmetrical.
Therefore, just as in the case of the differencthenspending means, considering the median is an
alternative.

FIGURE 4

If the median of the subsidy-private spending rai@onsidered, the marginal effect is expressed

by%N 1.49. This implies that each additional peso dbligpusubsidy increases long-run private

spending by 1.49 pesos. If once again, we assuame-#0-one matching grant subsidy scheme, the
additional leveraging on the compulsory co-finagoifi the firm is 0.49 pesos.

Finally and to conclude, the results indicate thate is a positive impact of public R&D financing
on manufacturing firms and that the long-run legerg of private R&D spending per peso of
subsidy ranges between 0.97 and 1.49 pesos (in am@hmedian respectively). This implies that
given a one-to-one matching grant subsidy scheheestibsidy does not leverage additional funds
over the private co-financing if the mean of thifedence of R&D spending is considered. However,
there is a leveraging effect of 0.49 pesos overpitieate co-financing when the median of that
distribution is considered.

5. Conclusions

We have attempted to answer the following quedtipmeans of various methodologies proposed in
the literature for determining causal effects: ibljr incentives for R&D spending in Chilean firms
stimulate or substitute private R&D spending?

In general, the results indicate that there is sitppe and significant effect of public R&D finamg
policies on manufacturing firms. The impact of ddles on R&D spending measured through the
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difference in the average spending of firms thatreed subsidies compared to those that did not,
ranges between 87 and 133 million pesos dependitigeomethodology used.

The literature suggests that matching techniquescome many of the problems affecting the simple
impact estimators such as the Average TreatmerCEfATE) and the Before-After estimator. This

study applied a matching hybrid using the propgnsitore other binary observable variables
following Rosenbaum and Rubin (1983), Lechner (3988d Abadie and Imbens (2006).

Since the distribution of R&D spending is highlyasnetrical, the median is also considered as an
additional impact indicator. This is because theda includes a small group of firms that spend
significant amounts on R&D thus producing a higadymmetrical distribution.

Given this indicator, the impact of public subs&d@n manufacturing firms is around 85%. In terms
of pesos, this means that firms that received digssin 2004 spent an additional 34 million pesos
compared to firms that did not receive subsidid®sE results highlight the positive impact of publi
R&D financing on manufacturing firms that receivie&@D grants. This is known in the literature as a
crowding-in effect.

The long-run leveraging of private R&D spending peso of subsidy ranges between 0.97 and 1.49
pesos (in the mean and median respectively) forufaaturing firms considered in the matching.
This implies that given a one-to-one matching gearitsidy scheme, in other words where for every
peso in State subsidy, the firm agrees to congilaut equal amount, the subsidy does not leverage
additional funds over the private co-financing ietmean of the difference of R&D spending is
considered. On the other hand, there is a levegaafiiect of 0.49 pesos over the private co-finagcin
when the median of that distribution is considered.
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Appendix

Table 1: Distribution of the sample under study by economic sector

TELIS

centro de analisis i+e

L Numero de firmas .| Numero de firmas .
Sector Descripcion . ) Porcentaje " Porcentaje
sin expandir muestra expandida
A Agricultura, ganaderia, caza y silvicultura 52 8.5% 806 31.9%
B Pesca 17 2.8% 59 2.3%
C Explotacion de minas y canteras (medianas y grandes) 20 3.3% 20 0.8%
D Industria Manufacturera 321 52.6% 759 30.1%
E Generacion y distribucién de energia eléctrica 24 3.9% 24 1.0%
F Construccion 23 3.8% 87 3.4%
Comercio al por mayor y al por menor; reparacion de
G vehiculos automotores, motocicletas, efectos personales y 9 1.5% 9 0.4%
enseres domésticos.
| Transporte, almacenamiento y comunicaciones 27 4.4% 352 14.0%
J Intermediacion financiera 20 3.3% 87 3.4%
K Actividades inmobiliarias, empresariales y de alquiler 44 7.2% 134 5.3%
L Administracién publica y defensa; planes de seguridad
social de afiliacién obligatoria 6 1.0% 8 0.3%
M Ensefianza 23 3.8% 83 3.3%
N Servicios sociales y de salud 17 2.8% 76 3.0%
o Otras actividades de servicios comunitarios, sociales y
personales 7 1.1% 19 0.8%
TOTAL 610 100.0% 2,523 100.0%

Table 2: Shareof subsidiesin R& D aggr egates by economic sector (only consider s subsidized

firms)
Sector Descripcion Gasto I+D Firma | Subsidio a I+D | Proporcién subsidio
@ (2 (3)=(2)/(1)+(2)
TODAS [Todos los sectores 67,782.20 51,959.47 43%
A Agricultura, ganaderia, caza y silvicultura 41,375.04 17,393.35 30%
B Pesca 46,975.64 41,275.50 47%
C Explotaciéon de minas y canteras 1,245,988.00 51,666.67 4%
D Industria Manufacturera 47,850.82 33,044.99 41%
E Generacion y distribucion de energia eléctrica 65,839.67 1,000.00 1%
F Construccién 26,935.75 13,766.60 34%
G Comercio al por mayor y al por menor; etc. 61,400.56 1,639.00 3%
[ Transporte, almacenamiento y comunicaciones 77,442.95 77,720.00 50%
J Intermediacion financiera 173,478.30 n.d. n.d.
K Actividades inmobiliarias, empresariales, y otros 119,597.50 10,880.13 8%
L Administracién publica y defensa, y otros. 138,938.30 n.d. n.d.
M Ensefianza 78,893.24 492,495.30 86%
N Servicios sociales y de salud 34,128.92 6,000.00 15%
0 Otras actividades de servicios comunitarios, y otros 28,836.84 5,000.00 15%

En (1) se calcul6 el promedio del gasto privadé+&nconsiderando el total de firmas por sector fipgncian 1+D con recursos propios.

En (2) se calcul6 el promedio del subsidio potaeconsiderando firmas que recibieron financiamtepublico a la I+D.

Célculos consideran muestra expandida. n.d. : tmgjue no hubo firmas del sector que recibieranfiramiento publico.
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Table 3: Private R& D spending and public subsidies by economic sector

INTELIS

centro de analisis i+e

($2004)

’ . Promedio de la |Promedio de la

Ne° firmas que Porcentaje . .

Ayt financian 1+D | N°Firmas [de firmas que _ razon razon
Sector Descripcion - X (subsidio/Total 1+D)| (subsidio/I+D

con recursos | con subsidio recibe . : .
propios subsidio para flrhm‘as con flnanc!ada por
subsidio>0 la firma)

TODOS|Todos los sectores 2,523 294 12% 0.39 0.69

A Agricultura, ganaderia, caza y silvicultura 806 145 18% 0.36 0.57

B Pesca 59 4 7% 0.51 1.76

C Explotacién de minas y canteras 20 3 15% 0.25 0.33

D Industria Manufacturera 759 89 12% 0.20 0.26

E Generacion y distribucidn de energia eléctrica 24 2 8% 0.20 0.25

F Construccion 87 10 11% 0.39 0.64

G Comercio al por mayor y al por menor; etc. 9 2 22% 0.40 0.66

| Transporte, almacenamiento y comunicaciones 352 4 1% 0.14 0.16

J Intermediacion financiera 87 0 0% n.d. n.d.

K Actividades inmobiliarias, empresariales, y otros 134 15 11% 0.40 0.69

L Administracién publica y defensa, y otros. 8 0 0% n.d. n.d.

M Ensefianza 83 18 22% 0.64 2.39

N Servicios sociales y de salud 76 1 1% 0.40 0.67

[e] Otras actividades de servicios comunitarios, y otros 19 1 5% 0.30 0.43

Célculos consideran muestra expandida. n.d. : tmgjue no hubo firmas del sector que recibieranfiramiento publico.
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Table 4: Descriptive statistics

A=Toda la muestra (N=2,523) B=Firmas con subsidio (N=294) C=Firmas sin subsidio (N=2,229) Test dif. de

Ve p25 p50 p75 media desv. est. p25 p50 p75 media desv. est. p25 p50 p75 media desv. est. | medias (By C)
Gasto privado I+D en 2004 (miles de $) 2,000 6,000 31,000 67,782 513,957 2,000 10,000 63,900 75,676 227,632 2,000 6,000 31,000 66,741 540,541
In(Gasto privado 1+D en 2004) 7.60 8.70 10.34 9.03 2.00 7.60 9.21 11.07 9.45 1.87 7.60 8.70 10.34 8.97 2.01 ok
Gasto publico 1+D en 2004 (miles de $) n.a. n.a. n.a. n.a. n.a. 5,000 7,125 30,000 51,959 219,172 n.a. n.a. n.a. n.a. n.a. n.a.
In(Gasto publico I+D en 2004) n.a. n.a. n.a. n.a. n.a. 8.52 8.87 10.31 9.49 1.35 n.a. n.a. n.a. n.a. n.a. n.a.
Ventas afio 2004 (miles de $) 375,000 1,112,595 5,580,000 14,500,000 62,300,000|396,370 591,475 6,055,560 18,800,000 88,000,000 [ 326,306 1,137,553 5,580,000 14,000,000 58,100,000
In(Ventas afio 2004) 12.83 13.92 15.53 14.08 2.12 12.89 13.29 15.62 14.32 1.93 12.70 13.94 15.53 14.05 2.14 bl
Ventas afio 2003 (miles de $) 313,073 1,018,404 4,947,364 11,700,000 50,700,000|349,914 517,398 5,269,107 15,300,000 65,400,000 | 313,073 1,084,712 4,746,751 11,200,000 48,400,000 *
In(Ventas afio 2003) 12.65 13.83 15.41 13.89 2.33 12.77 13.16 15.48 14.18 1.94 12.65 13.90 15.37 13.86 2.37 ok
Empleo afio 2004 30 87 314 280 632 51 122 132 367 1023 30 79 340 268 560 ok
In(Empleo afio 2004) 3.4 4.5 5.7 4.6 1.4 3.9 4.8 4.9 4.7 15 3.4 4.4 5.8 45 14 bl
Empleo afio 2003 22 85 281 252 573 50 180 180 368 967 22 75 300 236 496 ok
In(Empleo afio 2003) 3.1 4.4 5.7 4.5 1.4 3.9 5.2 5.2 4.8 1.5 3.1 4.3 5.7 4.5 14 bl
Exportaciones afio 2004 (miles de $) 0 0 43,919 3,345,529 31,700,000 0 0 88,000 7,348,559 66,300,000 0 0 31,016 2,817,538 23,700,000 ik
In(Exportaciones afio 2004) 0 0 10.69 3.81 6.15 0 0 11.39 4.22 6.39 0 0] 10.34 3.76 6.12
Exportaciones afio 2003 (miles de $) 0 0 57,236 2,317,433 19,200,000 0 0 617,240 5,545,620 42,600,000 0 0 24,345 1,891,642 13,200,000 ik
In(Exportaciones afio 2003) 0 0 10.95 391 6.20 0 0 13.33 5.76 6.77 0 o] 10.10 3.66 6.08 ok
Edad de la firma (afios) 6 12 25 19 20 6 11 25 20 21 7 12 25 19 20
In (Edad de la firma) 18 25 3.2 25 1.0 1.8 2.4 3.2 25 1.0 19 25 3.2 25 1.0
Ne°derechos Prop. Intelectual solicitados 0 0 0.0 0.8 6.9 0 1 1.0 1.9 7.8 0 0 0 0.7 6.8 ok
In (N°derechos Prop. Intelectual solicitados) 0 0 0 0.2 0.5 0 1 0.7 0.5 0.7 0 0 0 0.1 0.5 ikl
Firma en RM (dummy=1) 0.44 0.32 0.46 ok
Firma Manufacturera (dummy=1) 0.30 0.30 0.30
Firma posee departamento de 1+D (dummy=1) 0.32 0.22 0.33 ok
Firma es de propiedad privada (dummy=1) 0.86 0.89 0.85 i
Firma ha realizado acciones de cooperacion 0.08 0.11 0.07 -
(dummy=1)
Im_portancia _fuentes internas para innovar (dummy=1 0.70 0.87 0.68 -
si importancia es alta o muy alta)

n.a.: No aplica

* Significancia al 10% - ** Significancia al 5% ** Sigmificancia al 1%

Considera muestra expandida

21




U L T A D

M5 NEGOCIOS INTELIS

LTN.IVI:RSIIJAD DE CHILE centro de analisis i+e

Table 5: Averageimpact treatment estimator (ATE), 2003

DIF (T-NT) AUMENTO O NUMERO EMPRESAS
ATE 2003 (M$) DISMINUCION SIGNIF.
PORCENTUAL T NT
Toda la muestra 8,580 12% 160 1,820
Manufactura 57,958 161% 92 639 *x
Insumos -11,685 -34% 52 266 *x
Mano de Obra 256,338 1093% 11 160 *x
Escala 115,053 202% 24 152 *
Especializada 33,095 146% 3 54
Ciencia 17,761 100% 2 7

* Significancia al 10% - ** Significancia al 5% ** Significancia al 1%

Table 6: Averageimpact treatment estimator (ATE), 2004

DIF (T-NT) AUMENTO O NUMERO EMPRESAS
ATE 2004 (M$) DISMINUCION SIGNIF.
PORCENTUAL T NT

Toda la muestra 8,934 13% 294 2,229
Manufactura 87,361 232% 89 670 il

Insumos 2,425 7% 56 276
Mano de Obra 267,041 1027% 10 177 *x
Escala 238,504 A77% 21 147 *x
Especializada sli sli sli sli sli
Ciencia -13,995 -78% 2 6 i

s/i : No hay firmas subsidiadas en dicha categpdrlo que no es posible calcular el estimador.
* Significancia al 10% - ** Significancia al 5% ** Sigmificancia al 1%

Table 7: Difference-in-differences estimator (DIF in DIF)

ANTES | DESPUES| DIF (T-NT)| AUMENTO NUMERO

A-D (2003-2004) (NT) (M) (M$) PORCENTUAL |EmMPRESAs| S'CNIF:
Toda la muestra 2003 2004 57,789 16% 14 *x
Manufactura 2003 2004 133,364 7% 6 Fokok

Insumos | 2003 2004 67,292 95% 2

Mano de Obra | 2003 2004 sli sl sli sli
Escala| 2003 2004 166,400 74% 4 o
Especializada | 2003 2004 sfi sfi sfi sfi
Ciencia| 2003 2004 sli sli sli sli

s/i : No hay firmas subsidiadas en dicha categpdalo que no es posible calcular el estimador.

* Significancia al 10% - ** Significancia al 5% ** Sigmificancia al 1%
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Table 8: Matching estimator

DESCRIPCION TODA LAMUESTRA| MANUFACTURA

Media Tratados (M$) 53,889 182,341
Media Controles(M$) 27,944 50,415
Diferencia Medias DIF (M$) 25,945 131,926
Aumento Porcentual 93% 262%
Significancia *x *x
Muestra de firmas 198 31
Mediana Tratados (M$) 2,000 60,000
Mediana Controles (M$) 13,876 39,770
Mediana DIF (M$) -11,876 33,844
Aumento Porcentual para mediana -86% 85%
Significancia mediana DIF *x

TELIS

centro de analisis i+e

* Significancia al 10% - ** Significancia al 5% ** Sigmificancia al 1%. Notar que la mediana delierencia de medias no es igual a la
diferencia de medianas de los grupos de tratamiectmtrol.

Table 9: Results of matching and other variables of interest

Variable

Firmas consideradas en el matching (N=31)

Mediana Media Desv. est. N
Gasto privado I+D en 2004 (miles de $) 60,000 182,341 276,670 31
In(Gasto privado 1+D en 2004) 11.00 11.20 1.42 31
leeren_cla de gasto privado en I+D en 2004 33.844 131,926 262,571 31
(entre firmas tratadas y de control)
Gasto publico I+D en 2004 (miles de $) 30,000 53,821 75,911 31
In(Gasto publico I+D en 2004) 10.31 10.22 1.24 31
Razon subsidio-gasto privado en |1+D afio 2004 0.47 0.72 1.39 31
Diferencia de gasto privado en I+D en 2004
(entre firmas tratadas y de control) por patron
sectorial en la produccién de innovacion:
Insumos -13,369 -26,045 82,935 7
Mano de obra 20,230 223,542 377,245 10
Escala 82,792 174,393 193,975 12
Ciencia]  -28,060 -28,060 29,577 2
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Table 10: Characterization of sample considered in the matching

Firmas consideradas en el matching (N=31)

Variable

Proporcién del total

Firmas exportadoras en 2004 (dummy=1)
Firmas exportadoras en 2003 (dummy=1)
Firma en RM (dummy=1)

Firma posee departamento de |+D (dummy=1)

Firma es de propiedad privada (dummy=1)

Firma ha realizado acciones de cooperacién (dummy=1)

Importancia fuentes internas para innovar
(dummy=1 importancia alta o muy alta)

Patrén sectorial en la produccion de innovacion:
Insumos (dummy=1)

Patrén sectorial en la produccién de innovacion:
Mano de obra (dummy=1)

Patrén sectorial en la produccién de innovacion:

Escala (dummy=1)

0.55

0.58

0.77

0.90

0.97

0.10

0.84

0.23

0.32

0.39

Table 11: Results of the explanatory model of private R& D spending, 2004

VARIABLE EXPLICADA: Ln (Gasto Privado afio 2004)
VARIABLES EXPLICATIVAS COEFICIENTE SIGNIFICANCIA
Ln(Gasto privado afio 2003) 0.10 ok
Ln(Subsidio publico afio 2004) 0.63 ek
Ln(Ventas afio 2003) 0.57 *
Ln(Empleo 2003) -0.53 *
Ln(Edad de la firma) -0.16
Constante -1.783
Ajuste R-Cuadrado 0.79
Numero de Observaciones 31

TELIS
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Figure 1: Sample considered for calculating the ATE estimator
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Figure 3: Distribution of the differencein R& D spending between treated and control firms
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Figure 4: Density of thedistribution of the subsidy-private spending ratio
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