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ABSTRACT

This paper assesses if innovators outperform noaviators in Brazilian manufacturing during 1996-200
To do so, we begin with a simple theoretical modetl test the impacts of technological innovation
(treatment) on innovating firms (treated) by empigypropensity score matching techniques. Corrgdton

the survivorship bias in the period, it was vedfithat, on average, the accomplishment of techiadbg
innovations produces positive and significant imipacn the employment, the net revenue, the labor
productivity, the capital productivity and markétgse of the firms. However, this result was notestsd for
the mark-up. Especially, the net revenue refleagennobustly the impacts of the innovations. Quatitiely
speaking, innovating firms experienced a 10.8 t&%2growth on employment, a 18.1 to 21.7% growth on
the net revenue, a 10.8 to 11.9% growth on labodywtivity, a 11.8 to 12.0% growth on capital protity

and a 19.9 to 24.3% growth on their market shatatively to the average of the non-innovating &rim the
control group. It was also observed that the castjon of product and process innovations, relagivel
other forms of innovation, presents the stronggraiats on the performance of Brazilian firms.

Keywords: Technological innovation, Average Treatment Effect, Propensity Score Matching.
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1. Introduction

The exposure of Brazilian manufacturing firms tdeemal competition made clear the technological
gap faced by them, especially in technology diffussectors. As a result, there was a rush towdrels t
adequacy of technological pattern to internatigmattices, mainly through technology imports andation
that afterwards boosted an increase in the indaspyoductivity. However, this pattern of technadleag
adequacy had a restrictive stamp and tended to tivaievolution path of both the individual firmsdathe
industrial sector as a whole.

Brazilian manufacturing firms suffer from limitedahnological investment, lack of larger investments
in R&D and are extremely centered in the acquisith embodied technology in machines and equipments
Stimulating solid technological strategies basedtlom acceleration of R&D investments is one of the
necessary conditions to assure long run economi@lalement. Nevertheless, one should assess the
economic rationality of technological investmenitse., if innovating firms indeed show a differenad
performance. In order to assist the comprehensidheopossible benefits to firms from different égoof
innovation it is interesting to take a clear piettmrom the impacts of diverse technologic innovatiorms at
the firm level.

In spite of the wide empirical literature concerneith the relationship between technological
innovation and firm performance, results do novte definitive answers. These answers are, in CeEsts,
contradictory, depending either on the measure esfopmance adopted or on the firms’ characteristics
considered.

Benavente e Lauterbach (2006), using the modelgseap by Jaumandreu (2003), found a positive
relationship between product innovation and empkyndemand for Chilean firms. Huergo e Jaumandreu
(2003) verified that Spanish firms which undert@okcesses innovation experimented higher growtheir
total factor productivity. Kemp (2003) did not obge significant differences between the innovaiwel
non-innovative firms’ profitability in German. Theuthor also suggests that only sector differenoesdc
explain the disparity between innovators and norowvators. Using data for 228 small British firmsrfr
West Midlands region, Freel (2000) found that irstovs showed better performance (measured by sales
growth, employment, and profit) among fast-growfimgns. Finally, in a seminal paper with the suggest
titte: “Do innovating firms outperform non-innovatots®eroski and Machini (1992) assessed the
relationship between innovative activities and 8tnprofitability and found positive and significant
differences regarding the profit margins of innov@tnd non innovative firms.

In Brazil, Goedhuys (2007) showed that innovatiwaivities affect positively the TFP growth,
especially in the long run. Additionally, De NegFieitas e Esteves (2007) evidenced that R&D dietsvi
influence the level of physical capital investmemthich holds relationship with the long run firmogith.

Given those uncounted results, one may notice hiffweudt it is to obtain definitive responses about
the impacts of innovative activities on firms’ parhance. It is important to keep in mind that tlrection
and magnitude of innovation impacts may vary with period considered. With no intention of provglin
decisive answers this paper whishes to contribitte ttwve enrichment of this discussion.

The question that motivates this work o Brazilian innovative firms exhibit superior economic
performance than non innovators? We employed six measures for firms’ performanchkictv are: size,
measured by number of employees, net revenue, [aoaoiuctivity, capital productivity, market shareda
markup. To do so, we applied matching methods basedpropensity score (PSM), taking the
accomplishment of technological innovation durin@g®8-2000 as the treatment variable, and taking the
following two-year period, 2001-2002, as the congar period for the impact variables.



We can separate the contributions aforementiondtwo different econometric approaches: i) papers
that incorporate innovations in growth/performaecgiationsad hocor based on some structural equation
derived from theoretical model (for instance, Jeaaneu et. al., 2003); ii) the ones which estimatecsural
equations systems directly, as in CDM-like modalshiree stages, made popular firstly by Crépon,ugtig
and Mairresse (1998) (for instance, De Negri, Bseé@ Esteves, 2007). Our work does not fit in dthase
two groups, since we derive possible impacts instéastimating structural models. We verify thésesnce
(or not) of theses impacts by comparing charadiesiof very similar firms in such way that the wnl
difference between them will be the fact that omeceeded in the innovative activity and the othiémut?

This paper is organized as follows. Section 2 prissa comparative static exercise concerning the
innovation impacts on firm performance, where wpiclesome possible results about product and psoces
innovation impacts. In the Section 3, we are camegérwith some methodological aspects related to the
estimations techniques, while in Section 4 we descdata sources and information about the sample.
Section 5 discusses the econometric results arttb8&cconcludes the paper.

2. Comparative statics of innovation impacts on firm growth

This section intents to present some basic prie€ipf microeconomics to guide the expected results
about the impacts of innovative activity on prodorict employment, profit margin and market sharee Th
assumption we adopted is that the innovative dgtisiundertaken in order to obtain profits. Firmévenue
associated to innovation can be derived from tltiferent sources: (i) licensing for those who dat n
develop new technology; (ii) incorporation of teologic advances in their own products, which letaddhe
conquer of new markets; (iii) or even from the aatnction of new production processes that boost the
productivity of production factors, generating cadvantages and consequently profit increases.

Process | nnovations

Formally, some impacts of process innovation om fiperformance can be represented by the
technological parameter, A — also known as totetlofaproductivity or Solow residual -, which repeass a
symmetric increase in the marginal productivityboth factors of production, labor and capital. dey to
analyze the set of impacts suggested, it may behwdo model the industry-level effects of innowati
Therefore we derive initially the Stackelberg moaél duopoly according to which firms produce a
homogeneous product. The leader firm, 1, is thevative one, while firm 2 is the follower, and,l@&st in
this stage, does not innovate. Thus, consider amization problem of usual conditional cost, assugna
CES (Constant Elasticity of Substitution) produetfanction, as follows:

Min C; = wLi+ rK;
Subject to
-1
g =Ald, 7 +@-0)K ") withi=1,2 L)

In the problem abovey is the wager is the capital cost, is labor factorK is capital factor, A is the
efficiency parameter (Hicks neutrad),is the distribution parameter, with 06<<1, andp is the substitution

Y1t means that the validity of the innovation impaoh firm’s performance does not critically depencthe formulation of the
structural equations.



parameter, with -1 ¢ < w. Assumingw andr fixed, or given by the market, and allowing thabdr and
capital are adjustable, one should notice that#pétal-labor ratio is constant and given by:

K _((-8)w
(i

1-o)w

_F P
jM +0 a4 =‘Pi. Assuming an inverse demand curve given
5 A A
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byp= a—b(q1 +q2), with a ,b> 0, the profits maximization problem of the faller firm is given by:

MaxProfit, = pq, — (w+ rkz)LIJq—; ©)

The derivative of (3) with respect te gllows the attainment of firm’s 2 reaction functjgiven by:
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with I = 2bA2 , so thaf” > 0 ifa> Cmg.

As we notice in (4), the follower firm has its glipd quantity negatively related to the quantity
supplied by the leader firm. The solution to leaftten’s similar problem, using (4) to represenf produces
0.'s supply equation that can be written as:

a (w+ k,r )W
=—-T - AN S A
q, b [ bAl ] (5)

Starting with the above equations, it is possilbledérive some propositions regarding the possible
impacts of process innovation.

Proposition 1. For the leader firm that accomplishes process imtiow, the technologically neutral
impact of technological progress on the produceantiy will be positive.

Proof: deriving(5) with respect to the technological progressa@d notice that the derived is always
positive, that is:

dg _ (w+kr)w
dA  bA

>0



Proposition 2: The impact of process innovation on employmenhefléader firm will be positive,
since the increase in production more than comptessthe reduction in labor demand resulted from the
supposition of constant production.

Proof: combining (5) with the labor demand equation (#)s possible to derive the labor demand
equation in order to get:

dl, _ (w+kr)w? (b bA
dA bA’ A

Corollary 2: The impact of process innovation will be negatimepooduction and on employment of
the follower firm.

W a—r—(""+k1r)w}

Proof: using (4) and Iettingzzw%, it is directly observable that the impact on at@nd

employment will be both negative for the followent.

Corollary 2: Assuming a market with constant size, there wikibéncrease in the market share of the
innovative firm, contrasting with a decline in thnarket share of the non innovative firm. This imipeid be
greater the higher the elasticity of demand.

Proof: the Corollary 2 follows directly from the Propositi 1 and the Corollary 1.

For this model, if we assume a linear demand curwehich the elasticity of demand depends on the
produced quantity, it is possible that the markigigen by the price-to-the-marginal-cost ratio)oathanges

with the technical progress event. In fact, sifmtbtal cost curve affirm given byC(q,) = (w+ Kr)w%,
with i =1, 2, it is clear that the shift ¥y might produce only a reduction in the marginaltadshe leader
firm. Meanwhile, the price reduction will be notitey both firms with the same intensity. So, weétwe
following proposition:

Proposition 3: The leader firm’s mark-up increases with processiation, sincéa — i) >0, while
the mark-up of the follower firm always falls.

Proof: It is only necessary to use the mark-up formulahasratio of price (given by the inversed
demand) and marginal cost and then differentiath wespect toA;. Intuitively, it happens that the price
decrease is a function of the quantity variatiotowethe increase in the production of the leademfin
function of the follower firm. This leads an incseain the profit margin of leader firm and a redurin the
profit margin of follower firm, that s

2 In comparison with an alternative specificationtbé model, based on a constant elasticity curvetife inversed demand

function, given byp = H(qlqz)'% and on a Cobb-Douglas production functipre A, L2K P, i=1,2, the only different result is the

one for the mark-up variable, if respected the @@ of decreasing returns to scale. In the sé@iternative specification, the
mark-up becomes, obviously, invariant given thepsgtion of constant elasticity of demand.
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Product I nnovations

For product innovations it is convenient to altez setting of the model previously adopted in sual
that we incorporate the imperfect substitution lestw goods produced by the leader and the folloires f
Using linear demand functions we get:

P, =a,~ B0~ ¢, (6.a)
P, =a, — ¢4~ B0, (6.b)

In the equations above, parameters,, B1, B2 ande are all larger than zero. Conveniently, we assume
2 2
quadratic curves to total costs, given B, = c% andrC, = c% , SO thatt is constant and positive. Thus,
it is possible to replicate the profit maximizatierercise showed above and find the following rieact
function for the follower firm:

q =-24°72 )
C+20,

That reaction function will have a negative slopeq; > a,, which is a plausible hypothesis
considering the reasonable amount of output artdéoexistence of a not negligible parameteinserting
this result in the profit maximization problem bgtleader firm, we obtain the produced quantity in
equilibrium, expressed as:

— (C+2132)0'1_¢0'2
c? - 292 + 2cf, + 2, (c + 23,)

% (8)

The impact of a product innovation could be repnésd by a positive shift in the demand, or even by
the supposition that changes in attributes reduice gensitivity to demanded quantity by shiftimg slope
of demand function (8 <0). Under those hypotheses, we can also deravatet of possible impacts from
product innovation, similarly as we did with prosessnovations:

Proposition 4: Product innovations have a positive impact on ledoie’s production.
Proof: By hypothesis, the impacts of product innovatioré de the result of changes in both

parametersy and g, It is also possible to see that these both impargspositive on production if the
denominators in the two following equations areifpces

da, _ (c+28,)
da, c?-2y*+ 2B, + 2[31(0+ 2[32)

>0
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>0
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Corollary 3: Product innovations have positive impact on innmafirms’ employment as well as on
their market share. The opposite occurs with thievieer firms.

Proof: Considering the demand function for labor andrerection function of the follower firm, it is
directly inferred that the effects on both leaden® production and follower firm’s production a&ll as on
employment are similar than those observed in #ee ©f process innovation. Consequently, assuming a
constant size market, it is also verified an inseesm the market share of leader firm in detrin@rfbllower
firm’s participation.

Proposition 5: The mark-up of leader firm increases with productavation, while the mark-up of the
follower falls.

Proof: As before, defining mark-up as the ratio of pritwe marginal cost and considering the
particularities of the linear model described hédris, possible to derive some results regardimgithpacts of
product innovation on leader and follower firm’snkxap. The mark-up’ can be written as:

a,+ % +2q1( ¢ ﬁlj

mkup = P _ c+25, c+25,
Cmg cq,
mkug — P, — a, _Zﬁzqz _¢q1
Cmg, ca,
Considering the expressions above, it is straigivtiod thatOIrnkuIQ -1 and dmkup = _Z_ So that
da, cq, dg, c

the leader firm’s mark-up will experience a postimpact associated not only with the increase; jrbut
also with the decrease jfi. However, the impact of a shift af depends on the output level, and it is lower
as larger as the leader firm’s output level, wiiile impact off; does not depend on the produced quantity.
On the other hand, the follower firm’s mark-up dege on the quantity supplied by the leader firnd does
experience a decrease if the leader firm increigsgsoduction. As showed above, it might occuheitdue

to an increase in; or to a decrease fi.

Thus, Table 1 summarizes the possible impacts mdviation on the difference between innovators
(leaders) and non innovators (followers), for dé tperformance variables which we are interested in
Relying on these possible impacts we built the eicgdistrategy described in the next section.



Table 1 - Expected Differencesin the economic perfor mance between innovator s and non innovators

Variables of Process Product
interest Innovation Innovation
Production Positive Positive
Market Share Positive Positive
Positive
Employment (und(_er Positive
certain
conditions)
Positive
under .
Mark-up ((: ertain Positive
conditions)

3. Estimation Strategy®

In this paper, we aim to analyze if there was difgcefrom innovation on the several aforementioned
measures of firms’ performance, such as labor mtbdty, capital productivity, market share, andrizap.

Let INOV; D{O,]} be the indication of innovation by firmand y{,,, the measure of the firm performance at
t+s, with s > 0, following innovation. Additionally, denotgy;,.,, as the measure of firm performance in the
case when does not innovate ih The causal effect of innovation of firmat periodt+s is then defined
asyil,t+s - yi(?t+s .

The main problem of causal inference in this casthat y’,; is not observed for firms that have

innovated (i.e., those for which we obsey,é(tes). Hence, nothing can be said about the causalampghout

some hypothesis about the valueybf;. This hypothetical value is called counterfactitdre, we conduct

an inference based on the comparison of the factuslome with the counterfactual outcome which is
conventionally named in the literature as treatn@rdluation. Specifically here, we analyze the ager
treatment effect on the treated unit (ATET), defires:

ETT= E(yil,t+s - yi(?t+s lNO\/It = 1) = E(yil,t+s lNO\/It = 1)_ E(yi(,)t+s INO\/It = 1) (9)

The unobservability problem cE(yi‘?t+s|INO\/it =1) is solved by the construction of a control grond a

by the estimation a function such 5(%(,)”5 INOV, :0). The average output for the non-innovative group

identifies the counterfactual average output fer itinovative group, in the absence of innovationcé®we
consider technological innovation as a result oh' choice, we could not attend innovation as radoen
event. Hence, estimating causal effects of innowatin firm’'s performance by comparing directly the
treatment and control groups will produce biasexliite. The endogeneity of firm’s choice arises frih@
fact that firm's decision to attempt innovations ®rrelated with observable and unobservable
characteristics, which describes a problem of sarsglectivity. In order to correct this problent sélection

on observablés we employed matching methods based on propessase (PSM).

The PSM method allows the correction of sample kvaen it pairs an innovative firm, from the
treatment group, with a non innovative firm frone ttontrol group, in such a way that both firmssneilar
regarding their observable characteristics, whithwe the comparison between their performancesicele

® This section is based on papers of Dehejia e WELE8), Abadieet. al.(2001) and Cameron e Trivedi (2005).



indentifying x; as the set of covariates composed by firm’s olad#evcharacteristics observed in the pre-
treatment period, it is possible to predict theislen to innovate, p@(=Pr(INO\/it :]in’t_l). Allowing for

overlaps in subsamples of innovators and non-intoosaeach innovative firm is paired to a non-inaibxe
one, conditionally on their observable pre-innawaticharacteristics. The non-innovative firms the¢ a
paired to innovative ones define the control gradence, it is possible to ensure that the outpeisduot
determine participation, which allows the estimatiof ATET*. To estimatep(x) we used a logit model
wherex; is composed by the following covariates: employtnen number of employees in Decembef*31
(log), average years of schooling of the labor doflog), average wage (log), labor productivityg(laf the
ratio of gross value of firm’s production to numlzdremployee), capital productivity (log of theicabf
gross value of firm’s production to capital stoaklarket share (% ratio of firm’s net revenue taltsector’s
net revenue), markup (ratio of net revenue to dpmeral costs), export activity (dummy equals linfrf have
exported in 1996 or 1997), foreign ownership pgréton (dummy equals 1 if foreign ownership isajes
than 50%), sector control variables (CNAE — twoitdlignd representative variable of inverse Millsiaa
(Mills™), from the Heckman’s selection equation estimaf@dfirms’ survivorship probability mod2l
Continuous variables are, in fact, the averageevaloserved in both years before treatment (innowgti
which are 1996 and 1997. This guarantees the mouoksineity between treatments and firm’s initial
condition$. Logit results are showed in appendix.

Let pi denote the predicted probability of the firnmndertaking innovation and let this firm belong to
the group of firms that effectively innovatdtNQV =1). Also, denotg; as the predicted probability of firm
in the control group (defined here@éx)). The ATET general expression is written as:

w-t 5 - sduay] oo

N imiNov=1 joc(x)

where Ow( . )<1 andw( . ) is the function that assigns weight to jtiefirm corresponding to counterfactual
from theith innovative firm, according to the matching aigon. In this paper we estimate the ATET by
applying two methods:

a) radius matching, which defines Gas C(x) :{ij‘ p - < r}, wherer indicates the radius
with dimensione( . ) = 1" and;

K{ p - p,}
b) kernel matchingwherew(i, j) = h , K'is a Gaussian kernel ahds the bandwidth

Z K{ P~ pj}
iC(x) h

parametef.

* This is called independence of treatment assighniére output for the control group (not treatesi) [ Inov{xi . The PSM

relies on this assumption.
® The construction of the capital stock variablé#sed on the method of perpetual inventory, usitg ffom PIA. For more
details about this method see Araujo, Messa andsA{2007). The survivorship probability model isigar to the one described
in De Negri, Freitas and Esteves (2007).
® According to Ashenfelter (1978) and Ashenfelted &¥ard (1985)apud Dehejia and Wahba (1998), the use of more than one
pretreatment period is essential to an improveithesibn of treatment effect.
’ The radius matchingassumes that observations have fixed weightsdisable the adoption of sample weighting in ATET
estimation. In this paper the distance (radiusghefneighborhood is 0,01 which is the maximum vallleved for the difference
between distances in the propensitpresof treated and untreated units.
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PSM methods are useful under the assumption ¢écsen on observables”. However, it is possible
that the innovation decision is a function of indival firm’s heterogeneity, so that unobservabletdes
could partially define the output and also the sieai to innovate. Supposing that those unobsenfabters
are time invariant, it would be interesting to asate matching estimators with difference-in- diffeces
method (DID). This would eliminate differences ierfprmance’s measures between innovators and non

innovators due to unobservables that have not béernated by the matching estimator. Definidg'as
AY; =Yi.e—Yi and Ay? asAy! =y?.. -y}, the matching estimator associated with differeinee
differences can be expressed by:

woo =L 5 (o= Saiipy] an

N ioinov=1 joc(x)

Finally, it is important to mention three featuregarding the matching estimation conducted Nafe.
estimated matching with replacement and one singdéch for each innovative firm, chartering the bias
reduction in detriment of variance reduction. Wgoatun tests for balancing properties, that is,tegted
using t-test of differences of covariates’ meansach quartile of each variable. These tests shawed
differences in the distribution of covariates betwennovative firms and non innovative ones incbatrol
group. Additionally, we imposed a restriction ofnmmon support of probability of innovation in order
make the matching estimation more accurate. TBisicgon implies that tests for balancing propest+ and
ATET and DID estimates - were only run for the frrwhose propensity scores felt within the ranges
determined by the propensity scores of innovatodscntrol groups.

4. Data Sour ce and Sample Features

Information employed in the empirical analysis cocteéd here was extracted from five different
datasets: Technological Innovation Survey of Maauwfang Firms (Pintec), provided by the Brazilian
Institute Geography and Statistics (IBGE), the Aadn8Burvey of Manufacturing firms (PIA), provided by
IBGE, Foreign trade data (SECEX) provided by thanistry of Development, Industry and Foreign Trade;
Annual Report of Social Information (RAIS) providég the Ministry of Labor and Employment; and the
Foreign Capital Census (CCE) provided by the BiazilCentral Bank (BACEN). By matching those
datasets using firm’s identification number (CNR3) the key variable, it was possible to constrhet t
samples for our analysis.

The strategy adopted to draw the sample is maiaseth on the Pintec-2000 survey, which covers the
period from 1998 to 2000, denoted as the petiothis period establishes the moment of innovatang
innovation may happen in any year of the 1998-2080od. With the firm's ID comprised by Pintec, we
matched the PIA, SECEX, RAIS and CCE databaseBeary¢ars of 1996-1997 and 2001-2002. Therefore,
two more periods were defined: the pre-innovatienqal,t-1, comprised by the years 1996 and 1997 and the
pos-innovation period;t1, comprised by the years 2001 and 2002.

An important aspect considered in our estimatienthe sample selection problem. According to the
sample drawing, firms that were selected remaineithé PIA survey for at least seven years conseslyti
(1996-2002). Hence, the fact that a given firm dropt of the data survey during the considerecpariust

8 The unit's weight for kernel function is assigriggthe bandwidth parameter between treated aneatett units. However, our
sample has its own sampling weight (Pintec-2000j¢ckvis also used in the matching procedure andnlgtin those observations
belonging to that distance. This distance was éthib 0.06.
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be due to three factors: (i) a reduction in thaltetmployment to a size class below 30 workersuich way
that the firm does not belong to the non-randomtatof the PIA survéy This can be observed if a firm is
not identified in PIA but still remains registeredRAIS (which is a census-type of survey); (iijjusion or
acquisition by other firm - PIA brings informati@tout structural changes; or (iii) bankruptcy, deiaed if

any of the above options is observed. In orderamwect the survivorship bias we estimated a prdivabi
model for firm’s survivorship, based on the Heckisamodel for bias correction (1979), and the vdeab
representing the inverse Mills ratio was later rtex® in the propensity score equation, as mentioned
previously’.

An additional issue concerning the sample consbmds the necessity to ensure the non-simultaneity
between firm’s performance, observed in the pe2@dl1-2002 and the attainment of innovation in thequl
2001-2003 (registered in Pintec 2003, posterid?itiec 2000). In other words, if a given firm hasavated
in the 1998-2000 period and also innovated in thidowing 2001-2003 period, it is possible that its
performance during the period of 2001 and 2002isetated with the fact that the firm is gettingpared to
attempt innovations in this same period. Howevemes descriptive tabulation using Pintec 2000 inesa
that the innovation cycle, defined by the life timiethe main product/process until its substitutienover
than three years. More precisely, most firms refiat the life time of its main products or pro@ss more
than nine years, what may have two reasons: efitres might by facing some difficulty to accomplish
technological innovations or firms with longer imadion cycle might be taking advantage of innovatio
returns for a longer period. Those evidences elmegity decrease the possibility of simultaneityvioeen
performance and innovation during the period arealyz

Pintec 2000 discriminates the innovations actigitg type: product innovation, process innovatiod a
both product and process innovation; and by exbensinarket or firm. The definition of the treatment
variable was modified in order refine results amagtare further differences between innovative #&@ts.
Table 2 presents the definition of those treatnvaniables and its representativity. It demonstrétes the
treatment group composition changes with the sjgatién of the innovation variable, giving risedifferent
subsamples. The total sample, apart from type wmmneion, has 11,097 firms. The control group issheme
for all sorts of treatment, with 5,473 non innovatifirms. The more restrictive innovative activiiy
specified, the smaller is the proportion of inna@vat Note that the totals of firms that undertoo&cess or
both product and process innovation are larger tise which conducted solely product innovations.
Additionally, we observe that firm innovations egdemarket innovations.

The output variables or firms’ performance measutescribed in Section 3, are: employment, net
revenue, labor productivity, capital productivitparket share and markup. Values extracted fromviaife
deflated using the wholesale price index, IPA-O@lide de Precos por Atacado — Oferta Global caiedla
by FGV). The advantage of IPA-OG is its availakilitf sector-specific indices, according to the iadil
Classification of Economic Activity (CNAE) with tee digits.

In order to observe the relations between the miffe kinds of innovation and firm performance
variables, Table 3 presents some descriptive statisf the performance variable in the pre-innmrat
period (1996-1997) and post-innovation period (22002).

Initially, it is possible to observe that non inative firms exhibit average performance valuesrtfea
lower than innovative ones, without any consideratbout the innovation categories. If we comphee t

° There are two strata in the PIA survey. The fitsatum comprises a non-random sample of all Beawihanufacturing firms
with more than 30 employees. The second stratarandomly selected sample composed by firms withtb twenty nine
employees.
19 Following the survivorship model estimated in DegN, Esteves e Freitas (2007) , the identificatianiable for the selection
equation was the log of the ratio of financial exges (including factoring) to net revenue - thigatde was separated in four
guantiles categories.
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values among both periods, we observe that norvative firms exhibited a decrease in the averadgeevia
all performance variables from the pre-innovatiorthte post innovation period. However, that de@eaas

also observed in some others innovation categdikescapital productivitymarket share e mark-up. It is

important to note that in 2001 and 2002 Brazil theeperiod of economic instability, due to the isris
electric/energy sector, and political instabiligngendered by the presidential dispute, what chalde

reflected the firm’s performance values.

Table 2: Definition of Treatment Variables

Variable name Description f’i\:hw()sf Total (%) Group % Group Obs.
Inov Innovators 5,624 50.68% - - -
Noninov Non Innovators 5,473 49.32% - - -
Inovprod Product Innovators 1,060 16.22% ) ) )
solely
Inovproc Process Innovators 2.125 27 97% i i i
solely
Prodproc Product and 2439 30.83% . . .
Process Innovators
Inovprodfirm Product Innovators 729 11.76% 69%
solely, for firm
Group of
Product
Pr<|)d|uc]E Innovitotrs Innovators 258 a:je atlso
Inovprodmarket ?iz(ﬁgéegrprp:(;uit 330 5.69% (Solely) 31% in?]r:v:tgrs
innovators for firm) for firm
Inovprocfirm Process Inpovators 1,864 25.41% 88%
solely, for firm
Group of
Process
Process Innovators Innovators 211 are also
solely, for market o (Solely) o process
Inovprocmarket (includes process 260 4.54% 12% innovators
innovators for firm) for firm
Product and process 122 are also
Innovators, for product and
Prodmarkprocmark market (includes 410 6.97% 17% process
product/process innovators
innovators for firm) for firm
Product Innovators Group of 2823&%330
Prodfirmprocfirm  for market and 412 7% Product and 17% P
: rocess innovators
process for firm p ;
Innovators for firm
Product Innovators 127rg£2:;so
Prodfirmprocmark for firm and process 204 3.61% 8% in%ovators
for market ;
for firm
Prodfirmprocfirm Product and process 1,411 20.51% 58%
Innovators for firm

Obs.: Values calculated accaydmsampling weights from Pintec 2000. "-" Not itafale.
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Table 3 - Performance variables (mean) and innovati

ve activities at pre and post treatment periods

Labor

Performance Emplovment Net Revenue Productivit Capital Market Share Marku
variables ploy (Thousand Reais) (Reais)y Productivity (%) P
Treatment
(innovation Pre  Post Pre Post Pre Post Pre Post Pre Post Pre Post
category)
Inhovators 326 335 61,800 72,300 63531 61,513 1.5 117 0923 0.842 0583 0.507
(824) (795) (268,000) (319,000) (71,553) (72,466) (0.983) (0.855) (3.1) (.93) (0.951) (0.54)
Non 161.95 153.3 20,800 20,600 43,058 36,987 14  1.00 0331 0266 0513 0422
Innovators  (347.17) (327) (70,700)  (88,200) (48,203) (47,501) (1.03) (0.834) (1.16) (0.89) (0.554) (0.497)
Product 204 1958 43,800 44,900 71,451 62,040 1.62 124 0671 0507 0.606 0.49
Innovators 1) (152, 787, , 1167) (0.997) (0.921 4 (15 1.5 707
360) (32 2,000) (787,000) (86,093) (68,167) (0.997) (0.92 2 9 2) (0.70
Process 216 233 28000 32,700 48211 47,643 142 111 0453 0404 0544 0.486
Innovators  (396)  (525) (71,000)  (92,200) (55,785) (62,019) (1.02) (0.874) (1.33) (1.17) (0.61) (0,51)
P:gg:;;a”d 474 485 99,100 119,000 73,443 73,464 15 121 144 137 0606 0534
'Ionnovators (1,154) (1,066) (385,000) (458,000) (74,514) (80,290) (0.929) (0.804) (4.2) (4.14) (0.868) (0.476)
E]rr?g\‘/‘;tors or 179 172 37,000 37,500 65466 53,656 161 118 0543 0389 0616 0487
o (313) (273) (143,000) (199,000) (88,456) (64,500) (1.02) (0.909) (2.08) (1.31) (1.8) (0.807)
ﬁ]rﬁgy;tors for 259 246 57200 61,100 84660 80515 167 136 0952 0768 0583 0.498
(442)  (403) (170,000) (155,000) (79,318) (72,471) (932) (0.939) (2.99) (2.06) (0.531) (0.411)
market
E}fg\fjﬁ)rs 202 223 25200 29,800 43,909 44,375 139 109 0.375 0.342 0529 0.478
it (366)  (524) (68,800)  (90,000) (49,920) (60,232) (1.02) (0.842) (1.1) (0.984) (0.618) (0.521)
E}fg\fjﬁ)rs for 313 304 48000 54300 78987 70,994 168 126 101 0853 0652 0.54
i (559)  (529) (832,000) (104,000) (80,667) (69,404) (1.03) (1.06) (2.37) (2.01) (0.54) (0.425)
Product for
marketand 1,151 1,075 280,000 330,000 106,914 112,595 159 1.15 3.84 377 0.622 0611
process for  (2.126) (1.634) (760,000) (770,000) (98,771) (96,807) (0.979) (0.695) (7.59) (7.69) (0.501) (0.496)
market
Product for
firm and 269 294 43900 58600 58658 58318 145 119 0.613 0566 0576 0.504
process for  (618) (696) (177,000) (354,000) (58,986) (68,766) (0.91) (0.814) (1.69) (1.8) (0.791) (0.469)
firm
Product for
marketand 464 482 92,200 110,000 86,721 86,901 1.63 132 147 14 0.692 0573
process for  (1,002) (1,016) (310,000) (340,000) (76,576) (88,241) (0.944) (0.844) (3.5) (3.15) (1.37) (0.492)
firm
Product for
firm and 317 324 59,400 70,200 62,839 61,132 1.5 118 087 0797 0581 0.507
process for  (815) (765) (265,000) (30,200,000) (71,026) (72,568) (0.986) (0.856) (2.93) (2.8) (0.962) (0.544)
market

Obs.: Standard deviations in bracket
5. Econometric Results
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This section presents the results for ATET witlffedence-in-differences calculated using radius
matching and kernel matching. Each method was eraglto one of each six types of performance vaggbl
and then the analysis was repeated to each inooveditegory (treatment). The control group is tmaes for
all estimations and is composed by the non-innasdtons.

Table 4 reports the results of the analysis fer ttiree largest categories of innovation, which are
innovators, process innovators and product innasataitially, it is important to notice that bothatching
results, radius and kernel, are similar, excepttiier product innovation category. In this last casdius
matching gives statistically significant resultdiile kernel matching does not. Except for the emplent
variable for product innovative firms, the markbase and the markup variables for process innosatee
observed significant differences in favor of inntwa firms for all other innovation categories. Mor
precisely, innovative firms exhibit more signifi¢atifferences in growth in terms of net revenue aratket
share. Firms that undertook process innovationsaagely benefited by performance differentialgexsally
in terms of employment, net revenue and labor ptwdty. Employment growth was not significant for
product innovative firms, although they revealedifyee variations in the net revenue, labor anditebp
productivity, compared to the control group. Fromuantitative point of view, those firms experiethcen
average, growth rates from 10.8 to 12.5% in employimfeom 18.1 to 21.7% in net revenue, from 10.8 to
11.9% in labor productivity, 11.8 to 12.0% in cappabductivity and from 19.9 to 24.3% in market share

Table 4 — Impacts of innovation (ATET- DID)
Control Group: non-innovative firms

Method Employment Net Labor Capital Market  Markup
Innovation revenue  productivity productivity share
Category
Innovators Radius 0.108*** 0.181*+* 0.108*** 0.118*** 0.199***  -0.001
(0.025) (0.027) (0.030) (0.038) (0.068) (0.027)
Kernel 0.125%* 0.217*** 0.119%* 0.120*** 0.243** 0.03
(0.016) (0.021) (0.025) (0.029) (0.044)  (0.023)
Process Radius 0.127** 0.192%+* 0.110* 0.091* 0.017 -0.023
Innovators (0.026) (0.034) (0.042) (0.049) (0.046) (0.034)
Kernel 0.127*+* 0.200*** 0.076*** 0.086** 0.048 -0.002
(0.019) (0.025) (0.029) (0.034) (0.045)  (0.025)
Product Radius 0.055 0.194*** 0.174%* 0.214** 0.083**  0.033
Innovators (0.040) (0.051) (0.053) (0.068) (0.136) (0.052)
Kernel 0.013 0.019 0.005 0.043 -0.130 0.025
(0.028) (0.037) (0.037) (0.048) (0.090) (0.27)

* Significant at 10%; ** Significartt 5% *** Significant at 1%.
Standard errors in brackets.

Discriminating firms according to the extensionimmiovations, Table 5 illustrates the matching lssu
for innovators in process or product solely for fine or for market. It is very interesting to nagi that firms
that innovated only in product did not reveal amgngicant impact on its performance. Although, whee
estimate kernel matching, product innovators ferrrarket present positive effects on their netmaee For
process innovators for the firm the impacts wersitp@ and significant at 5% for employment, netereue
and labor productivity. At level 10% of significadernel matching produced positive results ofaotg on
capital productivity of firms that innovated onlgrffirm. The largest variations were observed, athb
methods, for the net revenue variable followedabol productivity and employment.
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Table 5 — Impacts of process or product innovation (ATET-DID)

Control Group : non-innovative firms

Method Employment Net Labor Capital Market  Markup
Innovation revenue  Productivity  Productivity share
Categories
Product Radius 0.030 -0.001 0.011 0.031 0.091  -0.006
Innovators (0.042) (0.059) (0.065) (0.082) (0.175)  (0.069)
for firm Kernel 0.039 0.012 -0.005 0.025 0.044  -0.028
(0.030) (0.042) (0.043) (0.056) (0.094)  (0.061)
Product Radius 0.045 0.06 0.002 0.103 0.059  -0.010
Innovators for (0.055) (0.065) (0.074) (0.093) (0.090)  (0.067)
market Kernel 0.032 0.112* 0.066 0.108 0.078  -0.037
(0.041) (0.050) (0.058) (0.072) (0.093) (0.047)
Process Radius 0.117*** 0.187*** 0.127*** 0.090* 0.080 0.024
Innovators (0.027) (0.035) (0.041) (0.049) (0.092) (0.036)
for firm Kernel 0.102%* 0.214%+* 0.127%* 0.112%** 0.048  -0.002
(0.020) (0.026) (0.031) (0.036) (0.042) (0.027)
Process Radius 0.156*** 0.193** 0.135 0.192* 0.143 0.076
Innovators for (0.061) (0.089) (0.087) (0.109) (0.128) (0.073)
market Kernel 0.110%** 0.160%*+ 0.122%+* 0.095 0.053  0.027
(0.038) (0.054) (0.050) (0.065) (0.108)  (0.055)

* Significant at 10%; ** Significant &%, *** Significant at 1%.
Standard errors in brackets.

Finally, Table 6 reports the matching resultsfiions which accomplished, jointly, product and pges
innovations, considering also the ‘extension’ afawation (if for the firm of for the market). It isorthy to
notice that in this table the significance level fejection of the null hypothesis in tests for melifferences
is, on average, lower than previous tables. Hesigmificant results were observed for the marketrsh
variable in most types of innovations. Additionallrms that conduct product and process innovation
enlarge their market share in 79.6%, according & kérnel matching results. As observed before, the
markup variable was not affected by innovations #me average impact on net revenue is increasing.
However, in opposition to former results, the calpgroductivity variable presents observable déferes
concerning the control group, identifying the mosportant source of variation in this variable. Y#te
significance level of rejecting the null hypothegéies between 1% and 10%, and it is not rejected at
10% of significance in both tests. Thereafter, withany evident order, employment and labor prodiigti
variables appear. Another important observatiaihas the estimated impacts are, on average, lameng
product and process innovators, in comparison wither types of innovation, conducted solely,
independently of the innovation extension.
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Table 6 - Impacts of process AND product innovation (ATET-DID)

Control Group: non-innovative firms

Method Employment Net Labor Capital Market  Markup
Innovation revenue  productivity productivity share
Category
Product for Radius 0.145% 0.275**  0.185%* 0.200%* 0279  0.076
market and (0.055) (0.066) (0.068) (0.089) (0.230)  (0.067)
%rgffests for Kernel 0.194%* 0.324%+* 0.161* 0.140 0.796**  0.039
I ovators (0.48) (0.059) (0.072) (0.086) (0.156)  (0.059)
Product for firm Radius 0.144% 0.207**  0.124% 0.126%* 0.139  0.018
and process for (0.032) (0.040) (0.046) (0.053) (0.093) (0.046)
firm Innovators Kernel 0.136%** 0.261%+* 0.167+* 0.180%* 0.127*  0.036
(0.021) (0.027) (0.031) (0.036) (0.058)  (0.036)
Product for Radius 0.134* 0.299%+* 0.105* -0.023 0.350%*  -0.004
market and (0.047) (0.060) (0.059) (0.069) (0.150)  (0.055)
Frocests for firm Kernel 0.159%** 0.276%+* 0.146*** 0.150**  0.257**  0.034
nnovators (0.037) (0.045) (0.048) (0.058) (0.090)  (0.048)
Product for firm Radius 0.130* 0.244%* 0.193** 0.222* 0.532* 0.070
and process for (0.072) (0.093) (0.087) (0.114) (0.275  (0.083)
Ir“arkett Kernel 0.170% 0.277%*  0.178%* 0.195* 0.721**  0.063
nnovators (0.050) (0.059) (0.060) (0.077) (0.228)  (0.058)

* Significant at 10%; ** Significamtt 5%, *** Significant at 1%
Standard errors in brackets.

6. Conclusions

The aim of this paper was to assess the impadgfefent forms of innovation on the performande o
Brazilian manufacturing firms. To do so, the metblody adopted was propensity score matching (PSM)
associated with difference-in-differences techngju@/e estimated the impacts of thirteen forms of
innovation, defined according to the type of inn@ (process, product or both process and prodarad)
extension (firm solely or market), taking as cohgnmup the non-innovative firms.

Before stating conclusions about the resultss ime@cessary to detach some limitations regardiag th
employment of PSM to our study. Firstly, the PSMlgsis was designed to identify a causal effecttduan
exogenous intervention (possibly a public policy) @ group of individuals. Whenever this strategy is
applicable to observable data, it is possible ppa@uce the feature of a quasi-experimental stitlgrefore,
it is reasonable to ask whether the employmentSi o technological innovation analysis is appratarior
not. The methodological restrictions take placethie identification hypothesis; specifically thosees
regarding the assumption of absence of generalileguin effects and also the absence of unobseevabl
factors simultaneously correlated with both inn@watlecision and innovation outputs.

Considering the former supposition, it is impottemkeep in mind that the study was lead at tha fi
level, which mitigates the effects of more concatel industrial sectors. Besides that, the fadtitha a
short term impact analysis, firm’s adjustment c@std sunk costs do not allow reactions that caiusedr
second order effects in such a brief period of tiRegarding the latter hypothesis, it is expected the
unobservable component could be properly repredesdea time invariant component, in order to apply
difference-in-differences techniques. Nevertheldssis not possible to exclude the possibility wgon
designation of the control group by means of thggt lmodel. It is important to mention, althoughe tiffort
engaged in the estimation of these models, where@haded not only the lagged variables of interesit
also a relevant set of independent variables wid@phesented observable characteristics of the firms

16



After acknowledging some possible methodologicalrietions, it is interesting to notice that, in a
general way, results are consistent with theorepoadictions presented in Section 2. It is clearbticed
that innovation positively affected manufacturingnfs performance, reflected in terms of increases
employment, net revenue, productivity, and ofteeimarket share, during the two-year period fahaw
innovation. The most robust results were obsereedhie net revenue variable. On the other handag not
possible to capture significant innovation impaots firm’s profitability, suggesting that technologl
innovations can boost an increase in profits \@ag revenue, but keeping constant the marginditpro

More deeply, the comparative results showed thatgss innovation solely tends to produce a higher
impact in terms of performance indicators than pobdnnovation solely. This evidence is importantda
demonstrates that, in spite of being technologiaadirrow, this innovation strategy is individuagiyofitable
for firm and its adoption requires better ratiopalion. These results help us to comprehend tloenvation
provided by the Pintec survey about the high intisedevels embedded in acquisitions of machina$ an
equipment, one of the larger sources if innovaéioong Brazilian manufacturing firms.

The results presented here also suggest that sedignological strategies, which involve the
incorporation or development of new process aNigth the introduction of new products, are defilyitdhe
ones with more extended impacts. These impacttramslated into effective increases in market siizae
leads to a stronger firm’s development in the lomg-

The implications of these results in terms of polaking are obvious. The development of a robust
industrial structure requires the increase in cditipeness through technological innovation. Theerin
competitiveness, as we demonstrated here, occusevieral levels, but the ones with a more prosgerou
future are those based in solids technologicalteggras and pronounced investments in R&D&I. The
translation of theses microeconomics impacts irdgnmeconomics impacts is straightforward. In acaoce
with various theoretical views and their growth ralsd our results suggest that some efforts mustdmte in
order to stimulate entrepreneurial conscience deggrthe importance of innovation and to strengttien
national innovation system itself.
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Appendix

Logit Model Results: Probability of the firm assign s treatment — innovation activity and covariates (m ean 1996-1997, t-1)

Dependent variable/

. . Inovprod Inovprod Inovproc Inovproc  Prodmark Prodfirm  Prodmark Prodfirm
Inov inovproc  inovprod . h ) )
. mark firm mark firm procmark  procfirm procfirm procmark
Covariates ( t-1)
Employment (log) 0.204**+* 0.12 0.151 0.314* 0.087 -0.004 0.142* 0.851*+* 0.182** 0.449** 0.279
pioy 9 (0.063) (0.079) (0.111) (0.161) (0.127) (0.157) (0.084) (0.156) (0.090) (0.148) (0.244)
Years of education 0.468* 0.113 0.917 % 2.02%** 0.423 0.149 0.068 1.48%** 0.782* 1.13%+* 0.813*
(log) (0.170) (0.194) (0.306) (0.487) (0.326) (0.453) (0.202) (0.390) (0.255) (0.412) (0.418)
Labor Productivity 0.271%+* 0.077 0.240** 0.469** 0.177 0.575** 0.032 0.616*** 0.356** 0.821*** 0.358
(log) (0.072) (0.075) (0.103) (0.184) (0.112) (0.173) (0.078) (0.141) (0.141) (0.160) (0.243)
Capital Productivity 0.126* 0.004 0.020 0.068 -0.006 0.402* -0.040 0.160 -0.250** -0.036 -0.021
(log) (0.075) (0.079) (0.111) (0.210) (0.122) (0.171) (0.082) (0.205) (0.114) (0.161) (0.204)
Market Share 0.040* -0.013 0.002 -0.012 0.029 0.038 -0.043 0.041 0.005 0.034 0.088***
(0.020) (0.026) (0.025) (0.030) (0.032) (0.038) (0.032) (0.030) (0.027) (0.031) (0.032)
Marku 0.026 -0.028 -0.018 -0.306 0.025 -0.309 0.068 -0.037 0.098 0.054 0.041
P (0.049) (0.097) (0.078) (0.281) (0.075) (0.250) (0.101) (0.231) (0.098) (0.074) (0.193)
Export Activity 0.206** 0.095 0.402** 0.964*+* 0.231 0.632%* 0.018 0.513* 0.07 0.602%** 0.657**
(dummy) (0.089) (0.112) (0.158) (0.282) (0.183) (0.243) (0.120) (0.281) (0.131) (0.226) (0.330)
Foreign -0.071 0.122 -0.274 -0.178 -0.485 0.226 -0.010 0.124 -0.457** -0.477* 0.013
Ownership(dummy) (0.146) (0.185) (0.244) (0.304) (0.310) (0.308) (0.204) (0.263) (0.209) (0.273) (0.318)
(Mills) ™ -0.534*  -0.900** 0.285 1.09 0.138 -1.97%** - 0.793** -1.50 -0.641 -0.408 -1.26
(0.285) (0.349) (0.454) (0.717) (0.528) (0.686) (0.369) (0.979) (0.493) (0.609) (1.06)
Constant -4 .44%+* -2.13 ** 6.94*** -14.65 *** -5.11%+* -8.94%** -1.82* -16.95**  -6.85*+* -16.27%** -9.08*+*
(0.890) (0.965) (1.39) (2.11) (1.49) (1.81) (1.013) (1.98) (1.62) (1.97) (2.83)
Pscore (mean) 0.568 0.319 0.214 0.105 0.159 0.082 0.279 0.151 0.270 0.143 0.129
(0.156) (0.092) (0.162) (0.125) (0.121) (0.078) (0.086) (0.215) (0.138) (0.162) (0.169)
Observations 5,002 3,112 2,485 2,132 2,316 2,247 2,964 2,344 2,824 2,279 2,230
Pseudo R’ 0.0742 0.0285 0.136 0.222 0.105 0.121 0.027 0.417 0.073 0.24 0.169
Log — Likelihood -3209.3  -1791.62 -968.225  -380.309 -765.011 -365.851 -1,634.38  -348.619 -1329.15 -447.616 -287.934
Treated 2.908 1.015 382 169 311 148 867 295 732 255 131
Non-treated 2,103 2,103 2,103 2,103 2,103 2,103 2,103 2,103 2,103 2,103 2,103
N. blocks 7 7 8 8 5 5 5 7 7 5 7

* Significant at 10%; ** Significant at 5%; *** $jnificant at 1%. Standard Error in brackets.



