UNIVERSITA DEGLI STUDIDI FERRARA

DPARTIMENTO DI ECONOMIA E MANAGEMENT
Via Voltapaletto, 11 — 44121 Ferrara

Quaderno DEM 4/2015

February 2015

Complementarity among innovations for exporting
iIn German manufacturing firms

Rosa Bernardini Papalia - Silvia Bertarelli
Susanna Mancinelli

Cuaderni DEN, volune 4 | SSN 2281- 9673
Edi t or: Leonzio Rizzo ( leonzio.rizzo@unife.it )
Managi ng Edi tor: Paolo Gherardi ( paolo.gherardi@unife.it )

Edi tori al Board: Davide Antonioli, Francesco Badia, Fabio
Donato, Giorgio Prodi, Simonetta Renga

Website:
http://www.unife.it/dipartimento/economia/pubblicaz ioni







Complementarity among innovations for exporting

in German manufacturing firms

Rosa Bernardini Papalia Silvia Bertarelff and Susanna Mancinélli

Abstract
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innovation may foster their propensity of exportige study the relationship of complementarity
among innovation practices when exporting is thmdgi objective function, through the properties
of supermodular functions. We propose a unifiedtsgy to perform multiple inequality testing
implied by the properties of supermodular functioB®otstrapping is used when innovation
variables are exogenous. When endogeneity of bwvemigbles cannot be rejected complementarity
is checked through propensity score matching asulumental variable methods. Using data from
CIS4, heterogeneous incentives of exploiting completarity among German manufacturing
firms’ innovation practices emerge by export degttons and when size specific conditions are

satisfied.
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1. INTRODUCTION

The trade-literature has recently emphasized the obd innovation in the export-productivity
relationshif. The linkage between firms’ investment in innowatand their decision to export is
explored and, through the use of micro-level datgpositive correlation between export and
innovation variables is documented. This resulbbsained by assuming heterogeneity of firms’
productivity. The basic reasoning is the followimgly more productive firms may afford the fixed
costs of exporting, as well as only more productises may afford the fixed costs of innovating.
Moreover, it is widely recognised (Griliches, 1998 role of innovation in influencing firms’
productivity patterns. Therefore innovation may iynpigher productivity levels, which correspond
to lower marginal costs of production. Hence iniok&may charge lower prices on the goods they
sell both in the domestic and in the foreign makand, if the foreign demand is assumed to be
elastic, innovators find exporting more profitatlen non-innovators.

Typically, two different kinds of firms’ innovatiomare considered in the literature: product and
process. As already emphasised (Caldera, 2010;jn@as<st al., 2010), all kinds of innovation
should have positive effects on firms’ exports. dugh product innovation firms upgrade their
products to meet foreign consumers’ preferencestaratlequate to foreign market standards and
regulations. Through process innovations firms wrprtheir production process receiving cost
advantages; hence, they can charge lower and noongetitive prices on foreign markets and
expect higher profits from exports, which in tuncrease their probability of exporting. Since the
different forms of innovation practices are showrbée all relevant for exporting firms, some few
authors (Van Beveren-Vandenbussche, 2010; Beckgei=§013) have explored the combination

of firms’ different innovations with respect to thexporting activity.

* See, among others, Bustos (2011), Costantini-Mli®07), Cassiman et al. (2010), Van Long et241(), Caldera,
(2010), Aw et al. (2007, 2008), Lileeva-Trefler (®), Becker-Egger (2013), Yeaple (2005), Van Bewer

Vandenbussche (2010).



Our aim is to move up from this literature by deepg the analysis about the relationship of
complementarity among the different kinds of firmshovation when their objective function is
exporting. Following Topkis (1995, 1998), Milgrormdh Roberts (1990, 1995), Milgrom and
Shannon (1994), we investigate complementarity arfoms’ innovation practices through the
properties of supermodular functions. Moreover we iaterested in exploring whether firms’
heterogeneity by export destinations may play a molthe analysis of complementarities among
firms’ innovation practices and their attitude tods exporting. In fact, as highlighted by Melitz
(2003) a firm has to bear fixed costs of exportittigit involve distribution and servicing costs for
each foreign market to which the firm exports. Hetite more are the foreign markets served by
the firm, the larger are the fixed export costsais to bear. Our aim is to scrutinize if exporten$
with larger fixed export costs exploit technologicamplementarities among different innovation
practices in a stronger way than the other ones.

We investigate the issue by using a sample of Zgg&man manufacturing firms from CIS4 survey,
which include information about three kinds of imaton: product, process and
organizational/marketing innovatidnAnother peculiar element in our dataset is thqioeers
choose three different destinations for their etgodhe EU markets, other foreign markets or both
destinations (EU and extra EU markets), which adlayg to deepen the empirical analysis about
complementarities among innovation practices wheterbgeneity of firms by export destinations
is considered.

From an econometric point of view, a unified franogkvfor evaluating complementarity among
innovation practices for export propensity is pregab, by admitting that innovation practices can be

either exogenous or endogenous.

® Since organizational/marketing innovation conceres organizational or marketing methods it may plaole both

in the supply of products on foreign markets anthenproductive process.
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In addressing the issue of complementarity, a mielry testing procedure is adopted to
distinguish the case of exogenous and endogenmavation cases. We employ the most used
methods to evaluate the properties of export preipefunctions. CIS4 dataset include a rich set of
instruments to be used in explaining innovationaldes when the endogeneity hypothesis cannot
be rejected.

In the first case (when innovation variables areuased to be exogenous), we propose a unified
strategy within the class of bootstrapping methotlkore specifically, constrained and
unconstrained logit and multinomial models arenested and bootstrapping is proposed to perform
joint inequality testing implied by the propertie$ supermodular functions. We contribute to
existing literature in the sense that we directigleate combined hypothesis testing for more than
two innovation practices, by overcoming computadlgroblems associated to the generalization of
Wald tests used by Mohnen and Roller (2005) for twactices. Indeed, regressions under
inequality constraints are to be computed and tiieal values of such tests are cumbersome even
for dichotomously practices. For the best of ourowledge, the only paper performing
complementarity testing for more than two innovafactices is Carree et al (2011). However, the
authors propose an induced test procedure and #ngti@acombined hypothesis is accepted if all
the separate hypotheses are accepted.

In the second case (when innovation variables ssemaed to be endogenous), several econometric
approaches estimate logit models with endogenonarpiregressors and can be used for our
purposes. In this study, propensity score matchimg) instrumental variable simulated maximum
likelihood (MSL) methods are employed. In this fewmork, we construct binomial variables able
to identify complex innovation strategies. We iptet complex innovators as a treatment group,
who adopt two or more innovation practices simudtarsly. The set of simple-innovators, deciding
to introduce only one type of innovation, and tee & non-innovators join the control group. The
estimating methods of treatment-effects models lbanused to test for complementarity of

innovation variables, when endogeneity is not stiatlly rejected.
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The paper is structured as follows: section 2 aeaythe relationship between exporting and
complementarity among innovation practices; theottigcal framework and the research
hypothesis are presented in section 2.1. Secti@n shows the econometric analyses and
complementarity tests; then the endogeneity issuadkled in section 2.3. Section 3 presents the
CIS4 dataset and focuses on the relationship batexgorting propensity and innovation activities
for German firms. Section 3.3 presents and commdhts econometric results about

complementarity. Section 4 concludes.

2. EXPORTING AND COMPLEMENTARITY BETWEEN INNOVATION PRACTICES

In the economic literature about trade big emphhas recently been given to the relationship
among firms’ attitudes to innovate and to exportosMof the analysis on the relationship
innovation-trade passes through the heterogendityirms’ productivity. The linkage is the
following: only more productive firms self-seleat® export markets; innovation is one of the most
important drivers of the firm’s productivity; innators may afford lower marginal costs of
production and may charge a lower prices on thalgdbey sell in the foreign markets; hence, if
the foreign demand is assumed to be elastic innoyasttitude to export is higher than non-
innovators’ attitude. Moreover, the empirical asayis often conducted considering the correlation
between investment in R&D and exporting (Aw et2807, 2008; Bustos, 2011; Lileeva-Trefler,
2010;Van Long et al., 2011). Only few works (Ca&e2010; Cassiman et al., 2010; Becker-Egger
2013; Van Beveren-Vandenbussche, 2010) have exdmiieedirect link between firms’ different
innovation practices and exporting. In these warkgositive correlation between firms’ innovation
strategies and their attitude to export is showsh@oduct innovation seems to play a more relevant
role in firms’ participation in export markets thather forms of innovation. On the other hand,
evidence has also shown that exporter firms adbgirals of innovation practices and some few

works (Van Beveren-Vandenbussche, 2010; BeckeriE@§¥ 3) have analyzed the correlation
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between firms’ process and product innovations thiedimpact on their exporting decisions. In
these works firms adopt a combination of both dquaihprovements, by product innovation, and
cost reduction, by process innovation, to ameletheir entering export markets.

The subject that, to the best of our knowledge, f@syet received deep specific analysis is if a
relationship of complementarity among the firmdfatient innovation practices matter when their
objective function is exporting. Our aim is justcncentrate on this yet unexplored issue.

For the pursuit of our goal, this section presémesreferring theoretical framework for the anaysi

of complementarity and our proposal of economea#sting of complementarity among the three
innovation practices (product, process and orgaiozal/marketing) when the firms’ objective

function is exporting.

2.1 Complementarity: concepts and methods

When a relationship of complementarity is foundaastn two activities of a firm, this implies that
if one of the two activities is increased, it is na@ttractive for the firm to increase also theeoth
complementary activity. This has obvious implicaiamn the firm’s strategic decisions. In fact, the
firm’'s change of some choice variable may havéelidffect if other choice variables remain
unchanged.

Since the seminal applied work by Mohnen and RoB905), increasing attention has been
devoted by economic literature to testing empirealdence for complementarities in innovation
policies. Remaining within the innovation sphereyr caim is to analyse if evidence for
complementarity among some firms’ innovation piEgi exists when their objective function is
exporting.

We want to scrutinize whether innovation practiaes complementary, because in such situation
the firm’s choice should be to implement them tbgetin order to maximise their impact on

exporting.



Since innovation practices are typically investighin discrete settings (e.g. adopting or not,
adopting at an intensity higher than the average,)ewe study complementarity among these
forms of actions through the properties of supemtexdunctions.

Following Topkis (1995, 1998), Milgrom and Robgi1990, 1995), Milgrom and Shannon (1994),
we state that two variableX and X" in alattice® X are complements if a real-valued function

F(X,X") on thelattice X is supermodular in its arguments. That is, if anty if:

()] FI(XCX)+F(XLCX")2F(X)+F(x") Ox, X" O X.

or, expressed differently:

2 FIXCX)-F(X)2F(X")-F(XCXx") Ox,x"0OX,

that is, the change iF from X (orx") to the maximurr (X' C x") is greater than the change in

F from the minimunm X C X" to X" (or X ): raising one of the variables raises the valumafease

in the second variable as Wwelllt is worth noting that the mathematical approaith
complementarity typically considers two independeatiables only. Actually the relationship of
complementarity may involve more than two varialsiesultaneously, through a chain reaction that
starts from a complementarity relationship betwten variables and involves a complementarity

relationship between one of the two variables ankird variable and so on (Topkis, 1978). It is

® More specifically, “dattice ( x,>) is a se x, with a partial order, such that for an x,x'0x the seX also contains a
smallest element under the order that is larger bwh x¥ and x” (x Ox") and a largest element under the order that is
smaller than both x'0Ox")” (Milgrom and Roberts, 1995, p. 181). For the chtlean spaceR",

X 0x' = (max{x,y}....max{x ,y}) and X 0x' = (min{x,y}...min{x y})

" From equations (1) and (2) it is evident that clemmentarity is symmetric: increasing raises the value of increases
in xX”. Likewise, increasing” raises the value of increasexin
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sufficient to check pairwise complementarities as& the dimensions of the lattice are more than
two.

In our specific case, we consider the ‘Exportingclion’ of firm j (E,,for j =12,.J) as the
firm's objective function and we focus on the inaben practices set of firmj,
=00 0elgeenl ) 8 that can affect the firm’s exporting function:

® E=f(l,l,.1¢.6)=E(,.6) 0.

The problem of firnj is to choose a set of innovation practices whiekximize itsE function. &,

are the firm’s predetermined parameters, such edirtin’s foreign markets, and the firm’s sector
specificity and/or dimension. The maximisation peob is the same for all firms. Notwithstanding
each firm is characterised by specific predeterthifeetors and one could be interested in how
different values of the paramei@rmay imply different instances of the firms’ deciséb problems
and hence different firms’ optimal choices concegytt.

Let the innovation practices sil (I,01,) be a set of elements that form a lattice, then
complementarity between the different innovatioacgices may be analysed by testing whether
E, =E(l,,6,) is supermodular I,.

If we consider, for example, two binary decisiomiables (1,1, ), there are four elements in the
setl;. If in its Ef maximizing problem, a firm chooses to adopt neitifehe two practices, namely

l,, =01

4 =01, =0, the element of the sktis |, [1,, :{OC}. If a firm chooses to adopt both practices,

we havil,; =11, =1 and the element of the setljiss |, [ 1, :{1]}. Including the mixed cases as

well, we have four elements in the gehat form a latticel, :{{OO}{O]}{lo}{ll}}

8 Wherek=1, 2,..., Kdenotes the kind of practice.



From the above we can assert that the two innavatiactices are complements and hence that the

function E, is supermodular, if and only if:

4) E,(116,)+E, (00,6,)>E, (10,6, +E, (016),
or.
(5) E, (L16)-E, (006, 2|E, (L0,6,)-E, (00,6,)|+

+|E, (016,)-E, (00,6))],

that is, changes in the firm’s objective functiomem both forms of innovation practices are
increased together are more than the changesingsintim the sum of the separate increases of the
two kinds of practice.

To sum up, complementarity between the two decigamables exists if th E; function is shown

to be supermodular in these two variables andhidgpens when either inequal (4) or inequality
(5)or other derived inequalities are satisfie®ince each firm is characterized by specific

exogenous paramete (g,),even if the maximization problem is the same fdrfiains, the E
function may result supermodular | ; for some firms, but not for others.

Our aim is to derive a set of inequalities (suclhase explicated in equations (4) and (5)), that a

tested in the empirical analysis.

° Since the substitutability relationship (thatdejng more of an activity reduces the attractiverafsdoing more of the
other activity), is the opposite of that of compéartarity, we can test if a substitutability relathip exists if and only

if: E@L8)+E (006)<E (0,8)+E (016)



More specifically, through the supermodularity ajgoh we analyse whether the probability of a
firm’s exporting is significantly influenced by tlpresence of complementarities among innovation
practices.

In our analysis, we are also particularly interésteverifying whether a wider number of foreign
markets served by a firm may play a role in thel@sgtion of complementarity relationships
among innovation practices. The underlying reagpmsnin line with what highlighted by Melitz
(2003) that a firm has to bear fixed costs of elipgrwhich are independent from its export
volume. They involve servicing and distribution o foreign markets and are borne by the firm
in each exporting country, hence the more the dgorenarkets the firm chooses to serve, the larger
are the total fixed costs it has to bear.

In this view, it is worth highlighting what Milgrorand Roberts (1995) show (in their fourth and
fifth results) that a firm's optimal choice relatéd a decisional factor may initially be zero.
Nevertheless, if environmental change leads tanarease in the level of another variable (which
has become more profitable), then the new optitnaice of the first variable may become positive
if it shows a relationship of complementarity withe factor that has been increased. Thus,
increasing both variables may become more attatia newly changed ‘environment’. Hence the
adoption of both complementary practices by a fimay be an optimal choice in some
circumstances but not in others even if its behavi® maximizing in both cases.

‘Environmental changes’ may be represented as bgtiamic and horizontal variations. In our
analysis, which is static, we consider only theoséctype of variations and the parameter

g embodies the different environments that the cffiefirms may face.

We then empirically analyze complementarities bgniiihg differences between two subsamples

of firms'® the ones that export to EU markets onlgj)Eand the ones that export to both EU and

10 Actually in our sample, besides only EU marketsl &mth EU and extra EU markets, firms choose amothe

destination for their export that is only extra Eldrkets.
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extra EU markets . If fixed export costs are larger forg Ehan for Ey, we want hence to
scrutinize whether the increasing fixed export €dkiat the E subset of firms has to bear may
induce them to exploit complementary innovationcpcgs in a deeper way than the firms

belonging to the g, subset.

2.2 Econometric modelling and testing strategy of the complementarity hypothesis

In this section, we concentrate on the evaluatidin® complementarity hypothesis, by proposing a
testing procedure developed for three differentovative activities, based on the multiple-
inequality restrictions corresponding to the defam of strict super-modularitfor sub-modularity)
introduced in the previous section.

The innovation practices we consider are three:dymb innovations; process innovations;
organizational and marketing innovations. In thespnce of three innovation practices of the firm,
we have three binary decision variables and thmesiés of the latticé are eight (that is 3.

Specifically:

) | ={{ood.{003,{01d. {104 {102.{11d {013 {113}

For each firm K =3 and, as shown in Mohnen and Roller (2005, p. 1468)number of nontrivial

inequalities 2> ", that is six nontrivial inequalities.
We can assert that for a firmtwo innovation practices are complements in thes@nce of three
practices if and only if the probability of expowgi satisfies the following conditions:

— Complementarity between product and process infmvatactices:

P(E,|d110=1,6,) + P(E,|d000=16,) = P(E,|d100=16,) + P(E,|d010=16)),

11



and:

P(E,;|d111=16;) + P(E;|d001=1,6;) = P(E |d101=16,) + P(E;|d011=16),),

with at least one of the two inequalities holdimgcsly*’. We note thatl ,with i O1 , is a dummy
equal to one when the combination of innovationvéms isi and zero otherwise, wherds an
element of the latticg as defined in (9).

— between product and organizational/marketing intiougractices:

P(E,;|d101=16;) + P(E,|d000=1,6,) = P(E |d100=186,) + P(E;|d001=16)),
and:

P(E;|d111=16,) + P(E,|d010=1,6,) = P(E |d110=186,) + P(E;|d011=16)),

with at least one of the two inequalities holdincsly*2.

- between process and organizational/marketing inrevaractices:

P(E, \do11: 1,6,) +P(E, \dooo: 16,) = P(E, \dOlo: 16,)+P(E, \d001: 16,),
and:

P(E,;|d111=16;) + P(E;|d100=16,) = P(E |d110=16,) + P(E;|d101=16)),

with at least one of the two inequalities holdincsly™>.

1 The first condition is verified if the third innotian practice is 0, the second condition if thedhpractice is 1.
12 The first condition is verified if the second inrtion practice is 0, the second condition if theosel practice is 1.

13 The first condition is verified if the first innotian practice is 0, the second condition if thetfpractice is 1.
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Our testing procedure requires the estimation @foliowing logit model (Model 1):

(7) In PF(EJ- :ﬂgj)z% +a,C; +a,, +ZaSDsj +Z:biDij +e,
d1S icl

whereDj ,with i U1 , is a dummy equal to one when the combinatiomedvation activities is i
and zero otherwise, wheres an element of the lattide as defined in (6). For example,iif 111
the firm decides to adopt all three innovation pcas simultaneously. AgairG; is a dummy
indicating if a firmj is part of a grou)s; is a sector-specific dummy, ang is a measure of firm's
relative profitability, which captures heterogegaeif firms’ productivity levels.

With reference to Model 1 reported in (7), the dbads of complementarity testing are the
following:

— Complementarity between product and process infmvatactices:

(7.12) Bogo +Bi10 ~Bioo =Dg102 0

D15 + B0, =Bioy =151, 2 0
with at least one of the two inequalities holditgcty.

— Complementarity between product and organizatioreketing innovation practices:

(7.13) Booo *+ Bios ~Bigp —Bpoy 2 0

b111 + b010 - b011 - bllO 20
with at least one of the two inequalities holditgcy.
— Complementarity between process and organizatioaakieting innovation practices:

(7'23) booo + b011 - b010 - b001 20

b111+ b100 - b101_ bno 20
with at least one of the two inequalities holditgcty.
Inequality constraint hypotheses are to be testddreference to the coefficients estimated intogi

model (7). Since we expect that exporting firms arere likely to be involved in innovation
13



activities, the un-weighted regression gives exeedmportance to exporting firms. Given that the
innovation choice is potentially endogenous, we agieed to control for potential endogeneity of
the different types of innovation.

Furthermore, in the complementarity testing stnatege innovation strategy is multinomial as a
whole. That is, an unordered multinomial innovatieariable MD can be easily constructed
considering all dichotomous variablBs from equation (7), withO | (j suppressed for simplicity),
that is MD=0 if Qyo=1, MD=1 if Digi=1, MD=2 if Dpi=1, MD=3 if Dgp1=1, MD=4 if Dyp;=1,
MD=5 if D110=1, MD=6 if Dy1.=1 and MD=7 if Q;;=1.

Given that our treatment is multinomial we proptssimplify the procedure by referring to a pair-
wise comparison of innovation strategies. This @sgible by recognizing that all innovation
strategies can be classified into two groups: cemjhnovation strategies and simple innovation
strategies. In this view, we may construct a batarireatment from the multinomial innovation one
(MD) to compare a situation where the firm introdsi@ simple innovation strategy to a situation
where the firm chooses a complex innovation stgafegm each couple of the three basic product,
process and organizational innovation decisionscofplex strategy requires the simultaneous
adoption of (at least) two types of innovation. Speally, to evaluate complementarity between

product and process innovation, we consider tHevimhg dummy

4 = =1 if Djjo=1lor D;;;=1
1271=0 otherwise

to evaluate complementarity between product androzgtional innovation, we consider the
following dummy
dig =4 _ i
=0 otherwise
to evaluate complementarity between process andnaational innovation, we consider the

following dummy

da3 = _ ;
=0 otherwise

14



In these cases, we interpret complex innovatorg #eatment group and the sub-group of simple
innovators and non-innovators as the control grdup.

To test the existence of endogeneitydef diz andd,s variables in non-linear models for export
propensity, a Rivers-Vuong two stage test is agpli the first stage, a logit model of innovation
is estimated by using the instruments identifiedUdy and Hansen-Sargan tests. At the second
stage, a logit regression for export propensityuithes the predicted error term from the first stage
among other regressors. Under the null hypothdssgageneity, the coefficient of the error term is
zerd”.

When the null hypothesis of exogeneity cannot lpected a bootstrapping is proposed; otherwise,
the most used treatment effects models are comesiderevaluate the presence of complementarity.

The two strategies are detailed in sections 2.2d12a2.2.

2.2.1 Case|: Exogenousinnovation variables

How to test inequality constraint hypotheses hagelst been studied in literature; the likelihood
ratio test (LRT) is generally used to test the usdiy constraint hypothesis at hand. The null
distribution of this test is a chi-square distribantwith degrees of freedom equal to the difference
between the numbers of parameters of the modelesr waanparison. An important result from the
work of Barlow et al. (1972), Robertson et al. (89&nd Silvapulle and Sen (2004) is that one of
the regularity conditions of the LRT does not hwulden testing inequality constraint hypotheses,
consequently, the asymptotic distribution of theTLRR no chi-square distribution and its p value

cannot straightforwardly be computed.

% For an extensive econometric and statistical aimbf causal effects, see Imbens and Wooldridg@qp

15 Detailed results are available upon request.
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Moreover, model selection criteria, such as the ikka Information Criterion or Bayesian
Information Criterion, cannot be used to distinulsetween statistical models with inequality
constraints between the parameters of interestselleateria use the likelihood evaluated in its
maximum as a measure of model fit, and the numbeammeters of the model as a measure of
complexity. The problem is that model selectiortecia cannot distinguish between hypotheses
when these hypotheses do not differ in model {it,dnly in the number of constraints imposed on
the parameters of interest.

With reference to the literature on complementatégting, Mohnen and Roller (2005) apply
statistical Wald tests along the lines of Kodde Batim (1986), for dichotomously practices. Linear
regression under inequality constraints are todmeputed and the critical values of such tests are
cumbersome. Carree et al (2011) propose a proceahgneing that acombined hypothesis is
accepted if all the separate hypotheses are actcajaeg the lines of Savin (1980).

Our idea is to evaluate informative hypotheses (e/fiee parameter space is restricted), by using a
parametric bootstrap procedure for directly testihg combined hypotheses (7.12), (7.13) and
(7.23). Bootstrapping is an approach for statistinference falling within a broader class of
resampling methods (Efron and Tibshirani, 1993).

The procedure here adopted consists of three stepStep 1 a parametric bootstrap from a
population, in which the null hypothesig H(7.12), (7.13) or (7.23) - is true, is computédst,
parameters are estimated undey using the observed data. T bootstrap sampleszef isiare
generated. Then, parameters are estimated for mgudicated data set undery.HFurther, the
parameters are estimated under the alternativetihgpis H, similarly. The second step, is to repeat
these computations conditional on the observedskital he final step is to choose a test statistic
investigate the compatibility of the null hypotlesvith the observed data. Like many previous
studies (e.g., Barlow et al., 1972; Robertson .etl888, Silvapulle and Sen, 2004), we use the LRT

for evaluating the hypotheses at hand.
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This procedure is conducted for each hypothesi|7(7.13) and (7.23), as previously described.
For each couple of complementarity constraintsegt@mate the constrained model and test them
by bootstrapping. It is also checked the presefilostitutable innovation practices by replacing

the> sign by the< sign in all inequalities.

2.2.2 Casell: Endogenousinnovation variables

The dependent variable — the exporting choice bine@mial, and the true underlying regression
specification is non-linear. In order to address iksue of endogeneity in non-linear models for
export propensity, we can use treatment-effectseisod

In the econometric literature, several approackémate treatment-effects models that consider an
endogenous binary treatment on another binary mecavhich can be used for our purposes.

If complex innovations were assigned completelyaatiom, we could just compare treatment and
control groups. However, this is likely not to e tcase. When the regression of the outcome of
interest on a potentially endogenous binomial \deias not linear, applications of the standard
two-stage least square (2SLS) estimator, in whmhlinearity is ignored, can lead to a consistent
but biased estimate of the causal effect of theal@mous variable on the outcome.

In this context, some methods are designed to \a&hlendogeneity: propensity score matching
methods; IV models, such as bivariate probit angimam simulated likelihood methods.

We first consider the propensity score matchingMP&pproach, which compares exporters and
non-exporters with a very similar probability oceeving innovation treatment (propensity score)
based on observables (Rosenbaum and Rubin, 1983; H@ckman et al., 1998). Our objective is
to estimate the average treatment effect (ATE) has difference between the probability of
exporting, conditional on having received a treatthend the probability of exporting of the

untreated (or control) group, that is the exportprgbability conditional on having received no
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treatment, both calculated over the entire poputatlhe idea is to compare two alternatives: one
with all units exposed to the treatment and oné witne exposed, where the treatment is defined as
the introduction of complex innovation policies.

The PSM is a balancing method, so covariate imlalaafter propensity score matching is a
concern. Indeed, the PSM is very sensitive to tieece of conditioning variables and robustness
can be missing in the case of misspecification wfhsconditioning variables (Nichols, 2007,
Heckman and Navarro-Lozano, 2004). In this view, eleck the presence of imbalance by
calculating the reduction of the median absolutedardized bias in the observables between the
treated firms and all control units versus the tedaand the matched control units. Literature
suggests that the remaining bias should be sntaber 20 percent (Rosenbaum and Rubin, 1985).
Similarly, comparing the pseudd“Rf the propensity score estimation before and afi@tching, a
drop in the explanatory power is required, indiogtithat there is no remaining systematic
difference in observables between treated and @dimms in the matched sample.

Alternatively, among all possible IV models the nmaxm-likelihood bivariate probit approach is
the simplest way to deal with endogeneity in commien linear models, as suggested by Freedman
and Sekhon (2018) However, convergence issues emerge in some easebootstrap standard
errors calculated for ATE estimates are very srhallhese problems are known in the literature
(Nichols, 2011). Then, another IV model employingnaximum simulated likelihood (MSL)
approach is used to estimate treatment-effects iIs@diranda and Rabe-Hesketh, 2006).

A simultaneous model for export propensity and vation strategy is considered, for which latent
factors are introduced to model the likely corielatstructure. We present MSL estimates, by

assuming that the outcome variable and the treatarermodeled via logit models.

'8 For a survey see Nichols (2007).

" Results are available upon request.
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The choice of the instruments used in PSM and M@ir@aches are driven by the application of
under-identification LM tests (to verify that thectuded instruments are relevant) and Hansen-
Sargan tests of over-identifying restrictions, @&shave done for the Rivers-Vuong test.

MSL latent factor coefficients represent an addgiaest of endogeneity of innovation variables for
export propensity, which can be compared to theeRiWuong two stage tests carried out in the
preliminary investigation of endogeneity of innawat variables. The effect of latent factors is
captured by the estimated value qf parameter and the exogeneity hypothesis is nettex] when

p is not statistically different from zero. A pos#i (negative)p means that unobserved
characteristics that increase the probability ebmplex innovation strategy relative to the control

also lead to a higher (lower) probability of expagtfor treated individuals.

2.3 Multiple market destinations

Since we are interested in exploring whether firmesterogeneity by export destination may play a
role, the analysis of complementarities among iatiom practices is generalized. Theoretical
explanation of differences across export strateqeslves the idea that fixed costs related to
distribution and servicing are to be paid for eémteign market. Hence the more are the foreign
markets served by the firm, the larger are thedfieeport costs (Melitz, 2003). Then it is interegti

to investigate whether the incentives of innovatjmactices change or not when comparing
alternative exporting strategies.

The dependent variable — the exporting choicanulinomial, when export propensity is evaluated
specifying which destination markets are choseithieyfirm, that is if EU market alone and both
EU and extra-EU markets strategies are separatetlies. The testing procedure requires the
estimation of a multinomial model.

When multiple exporting strategies are consideratiexogenous innovation variables are assumed

an exogenous multinomial model is considered (M@gtel
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PrE. = m@.
" Pr{Elj( :l Nonix:q)ej ) = Bom + 8ynC; + BgnT; * ;astsj * %:bim Dij + &jm

(8)
with m = {EU only, extra EU only, both EU and extra EU}.

The testing procedure of the combined hypothesisoaiplementarity — reported for all possible
pairs of innovation practices in section 2.2 —hiert performed with parametric bootstrapping for
each exporting strategy. It is also checked thesegmee of substitutable innovation practices by
replacing the> sign by the< sign in all inequalities.

When innovation variables are assumed to be endogef®SM and MSL estimators are used to

separately calculate average treatment effectSfoonly and both EU and extra EU strategies.

3. INNOVATION AND EXPORTING OF GERMAN MANUFACTURING FIRMS
3.1 Data description

Our analysis of the relationship between exporéing innovation activities is performed by using
manufacturing firm-level data for Germany given thye Community Innovation Survey 2005
(CIS4). The CIS4 dataset is a survey of innovatiovering the 2002-2004 periods for all sectors of
the economy. Data on turnover, exports, dimenstm, are also available. Table 1 reports export
and innovation data description by sector.

For what concerns innovation the CIS4 considersdibgnction made by the Oslo manual in its
2005 revision and data are collected on three fayfmignovations: product innovations; process

innovations; organizational and marketing innovagio
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Product innovations involve the introduction of ngaods or services or significant improvement
of the existing ones. Process innovations inclirgeimplementation of a new or the improvement
of already existing production or delivery metho@rganizational and marketing innovations
consist of the implementation of new organizatiaranarketing method%

As for any cross-sectional dataset also CIS4 offersurom the problems highlighted by Mairesse-
Mohnen (2010). In fact, analysis about directioncafisalities with innovation issues and the
treatment of econometric endogenous matters shioubdve dynamic setting and the availability of
panel data. As already depicted in the previouiseonve overcome this difficulty by adequately
treating the endogeneity issue with appropriatenectetric techniques dealing with discrete
endogenous variables. On the other hand, the sangponsider fits very well the purpose of our
analysis since a great deal of firms is involve@xporting and innovation activities. As shown in
table 2 more than half of the firms (68,13%) expowith a percentage increasing in the size from
47,23% of the small firms up to 72,06% of the mediand to 86,33% of the large firms. Even a
greater share of firms innovates. In fact, 86,32Z%em adopts at least one of the three innovation
activities (table 3). Manufacturing firms are quitemogenously distributed among the three
innovation activities and also in this case siza&ypla relevant role, since large firms are more

involved than medium and small firms in innovation.

3.2 Exporters, non-exportersand innovation

This section is devoted to the analysis of theed#iices between exporters and non-exporters with

respect to their innovation activities and to otbkaracteristics. Moreover the analysis goes into

'8 New organizational methods involve changes in wiate organizations, external relations and businessipes.
New marketing methods concern changes in product gremor pricing, product design or packaging anddpici

placement.
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details of the two sub-samples: exporters to ElWketar(henceforth &) and exporters to both EU
and extra EU markets (hencefortg) E
We first analyze the productivity levels of expost@ersus non-exporters. We consider a measure

of firm’s relative profitability (z,), proposed by Aw et al. (2008), given by the Idgfion’s

revenue share. It is calculated as the deviatiom fthe mean log market share in the 5-digit level

. 9 . r 1 r - ., . .

industry®. Specifically, 77; =In T -len T wherer; is firm j's revenue in a reference time
j

period and is total market size measured in terms of totaligtry revenues.

Table 4 shows that exporting firms are more pradadhan non-exporting ones. These results are
in line with trade literature (Bernard et al., 208&rnard et al., 2007; Melitz, 2003; Yeaple, 2005)
that is the more productive firms may afford theefl costs of exporting better than the less
productive ones. Moreover, the analysis on prodgiigtievels of innovators versus non-innovators
confirms what already stated by the economic liteea (Griliches, 1998), since productivity is
higher for innovating firms than for non-innovatinges: only more productive firms may afford
the fixed costs of innovating.

We want now to explore if it is reasonable to ingemositive correlation between innovation
practices and exporting at firm-level. In fact,dediterature (Caldera, 2010; Becker-Egger 2013;
Cassiman et al., 2010; Van Beveren-Vandenbussd®); 2Vagner, 2007) has recognized the
positive effect of innovation activities on expagi In particular, through product innovation firms
adequate their products to the foreign demand medées or to foreign market regulations and

conditions. By way of process innovation firms ligeecost advantages and can charge lower prices

19 Aw et al. (2008) show that the firm’'s observable reweshare is strictly linked to a theoretical measdrérim’s
relative profitability in a dynamic model of expawy, which shares many features with Melitz (2003) @odtantini
and Melitz (2007). Such relative profitability deyks on firm’s productivity level, capital stock, mark-apd return to

scale parameters.
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becoming more competitive on the foreign markets tfeir products. Through
organizational/marketing innovation firms may imypeatheir competitiveness both on the side of
product supply and on the side of the productiveess.

In table 5 exporters and non-exporters are comparggtms of innovation practices. Exporters are
more innovative than non-exporters and the relatwegght of all three forms of innovation is
greater in exporters than in non-exporters. Moreciigally the relative weight of process
innovation is 25,65% greater in exporters thanan-axporters, for process innovation the relative
weight is 17,34% bigger in exporters than in nopesters and for organizational and marketing
innovation the relative weight is 15,30%. Exportadspt all types of innovation activities.

In the sample we analyze three different destinatior firms’ exports: EU markets, other foreign
markets and both destinations (EU and extra EU etsyk We are particularly interested in
analysing the two subsets of firms: the ones tlkpbe to EU markets (&) and the ones that
export to both markets g The main reason is in line with what highlightgobve in section 2.4
and concerns the higher fixed costs of exportiegrred by the firms with larger foreign markets to
serve (Melitz, 2003). We want to scrutinize whetthes element of heterogeneity implies different
behaviour of exporters with respect to their aditio innovate.

Data in table 5 suppodur intuition, since the share of Ehat do not innovate are sensitively less
than the share ofdg firms that do not innovate (5,92% versus 9,36%) e percentages okE
that adopts each of the three kinds of innovatremaéways larger than the percentagesgof E

As a first step of the analysis of the relationstpong firms’ innovation activities and exporting,

we estimate a logit model to identify exportingetatinants.

Given the unobservable intensity of exportiE*g for any firmj, we can model it as follows:

(9) In PI’(E,- :]lgj):ao +a,C; +a, +Zastj +bylyj +b,l5; +bslg + &,
S

whereC;is a dummy indicating if the firmis part of a groupDs; is a sector dummy and , k=1,

2, 3, are innovation dummies reported by figmand related to product, process and
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organizational/marketing practices, respectivelygaih, 7; is a measure of firm’s relative

profitability as in Awet al (2008). It is calculated as the deviation of libg of the firm’s revenue
share from the mean log market share in the inguBable A2 reports the list of variables we use
in this study and descriptive statistics.

In order to evaluate the effects of environmentaiditions on innovation strategies, a different
framework is asked for. When a firm chooses betweguorting toward EU countries only or
selling to all (both EU and extra EU) countriedaites into account different trade costs connected
to all exporting alternatives, as suggested by tl€R003). Then it is interesting to investigate
whether the incentives of innovation practices ¢geanor not when comparing these different

environments. Thus, let consider a multinomialtiogodel:

Pr(Ej :"15’1')
(20) In Pr(E,- - Noexdﬁj):aom +anCj +apnT; +§astsj byl gy 0ol oj + 03l 55 +Em

wherem = {EU only, extra EU only, both EU and extra Eu}daeach outcome is compared to the
no exporting group.

Before applying our methodology of complementarésting to Model 1 and Model 2, exogenous
logit estimates for both specifications (9) and)(afe presented in table 6. First of all, the posit
link between productivity and exporting is confinelhe coefficients on the productivity are
positive and highly significant. More productivenfis are more likely to export. For what concerns
innovations the coefficient on the product innowatis for all firms positive and highly significant
at the 1 percent. Firms that adopt product innowatiare more likely to export. Going into details,
the coefficient on product innovation is still pipge and strongly significant for firms of smalldgn

medium size. Process and organizational innovatimssead, don’t seem to have effects on the
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likelihood of firms’ exporting. In fact, results @ a positive significant coefficient only on prese
innovation for large firmf.

Results on innovations are quite in line with waleady emphasized by the literature (Becker and
Egger, 2013; Caldera, 2010; Cassiman et al., 20HdXhe effects of product innovations appear to
weight more on exporting than those of other kinfiginovation. The stronger effects of product
innovation may be explained as a necessary stephvénifirm has to deal with in order to serve
foreign markets. Actually, firms do have to adjunsir products to foreign markets regulations or to
meet foreign demand and to differentiate from fgmecompetitors. On the other hand, process and
organizational innovations imply firms’ cost advages that can have effects not so much on the
likelihood of exporting but rather on the probalilbf surviving in foreign markets.

However, as previously highlighted (table 5), lapggrcentages of exporters (both &d Ey)
adopt also process and organizational innovationsur sample. Moreover, data in table 7 show
that the largest share of exporters (bothakd &) adopt all three forms of innovation jointly. We
believe that the relationship between innovatioth @xport deserves a deeper analysis.

More specifically, we next scrutinize if a relatstmp of complementarity among the three kinds of

innovation exists when exporting is the firm’s aitjee function.

3.3 Resultson testing complementarity among innovation practices

In this section, we apply the testing procedurelanpd in sections 2.2-2.3 with the objective of
evaluating the presence of complementarity amonguative activities for German firms.
Some preliminary checks have been performed. Dataeteroskedastic, therefore robust estimates

have been calculated for all methods. Moreovergesiarge differences emerge across firms by

20 Results on the two subsets of exportegs, @d E ), available upon request, do not appear sigmiflgalifferent.
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dimension, the analysis of complementarity is ssjety performed for small, medium and large
firms groups.

To test the existence of endogeneity in non-limaadels for export propensity, a Rivers-Vuong
two stage test has been applied as detailed imose2t2. The choice of the instruments used in
PSM and MSL approaches has been driven by thecappih of under-identification LM and
Hansen-Sargan tests. All instruments come fromQlg84 data set: public funding of innovation,
cooperation arrangements on innovation activiteesgjuisition of machinery, training, sources of
information on innovation, hampering factors, efffedf organizational innovation. Detailed
description is given in table A2 in Appendix.

When assuming exogenous innovation practices, doh €ouple of complementarity constraints,
we estimate the constrained (exogenous) logit m@detlel 1) and test them by bootstrapping. It is
also checked the presence of substitutable inrmvatiactices by replacing thesign by the< sign

in all inequalities. As to Model 2 with multiple mk&t destinations (exogenous multinomial logit
model), the same methodology is applied for eagoeig strategy. Summary results are reported
in table 8 for small, medium and large firms.

When assuming endogenous innovation practices, leonemtarity results are obtained by
propensity score matching (PSM) and maximum siredldikelihood (MSL) methods. They are
calculated in terms of average treatment effect¥E)A which are differences between the
probability of exporting, conditional on having edeed a complex innovation treatment, and the
probability of exporting of the untreated group.tAgshe PSM approach, we apply radius matching,
where each treated firm is compared to all firmghimia radius equal to 0.05 around its propensity
score. Robustness of the method is checked by dmmsy a smaller radius and alternative
matching estimators (nearest-neighbor and kernathima) in the sensitivity analysis. Imbalance is
also tested. Detailed results for PSM effects aponted in table 9 and for MSL in table 10. In

addition, table 10 shows tests on coefficientdheflatent factors calculated in MSL estimates. The
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results confirm our preliminary investigation ofdegeneity based on Rivers-Vuong test in many
cases.

Table 11 summarizes all the results on complemiéntand substitutability tests, indicating which
cases do not reject the hypothesis of exogenous/ation variables and which ones do not reject
the hypothesis of endogenous innovation variables.

Our analysis confirms what already emphasized ey literature: the adoption of innovation
strategies by a firm improves its probability ofpexrting. Moreover, while previous works have
identified product innovation as the main driverfois’ probability of exporting, our analysis
gives more details of the relationship between dirmnovation and exporting. In fact the results
confirm our preliminary intuition that the coexiste of different innovation strategies in exporting
firms suggests the presence of various complemgeasarexporters tend to adopt two or more
practices together because their joint adoptioddda a higher probability of exporting than the
sum of the probability from their individual adamti As shown in table 13, supermodularity of
innovation variables for export propensity is degdc Complementarities are found for medium and
large firms between product and process innovabetween product and organizational/marketing
innovations for medium firms and between process @ganizational/marketing innovations for
large firms.

Results confirm also our second intuition, thatinsis that incur higher fixed costs of exporting,
because of the higher number of foreign marketsy tiserve (Melitz, 2003), exploit
complementarities among innovation strategies oeeper way than the other firms. In fact, as
relationships of complementarities are frequentfions exporting two both EU and extra EU
markets, they are completely absent for firms etipgrto EU markets only. Complementarity
among innovation practices allows firms to betféord the fixed costs involved in an enlargement
of destination markets. Results about complementanie particularly evident for large firms
exporting to both EU and extra EU markets. For tlisbset of manufacturing firms,

complementarity arises between product and prodessvations, between product and
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organizational innovations and between processoagadnizational innovations (all three pairs of

innovations).

On the other hand, relationships of substitutabdiise just for firms exporting to EU markets only

and concern product/process and product/organimdtianovations in small firms. For this subset

of firms the three kinds of innovation are maybasidered as substitute pathways for investment
spending and small manufacturing exporters to Eltketa channel their investment spending into

only one of the innovation strategies.

4. Conclusions

The focus of this paper was on the investigatiorthef relationship of complementarity among
innovation practices when exporting is the firmgjextive function through the properties of
supermodular functions.

Three specific contributions have been reachetigstudy.

First, the main message of our study was that mtpdurocess and organizational-marketing
innovations jointly matter for firms’ export propsty. The issue of complementarity was addressed
theoretically by studying the properties of supedolar functions and exploring firms’
heterogeneity by export destinations.

Second, we provided a unified strategy to performtiple inequality testing implied by the
properties of supermodular functions, evaluating plotential endogeneity of binary variables in
non linear models. Propensity score matching astiimental variable methods were introduced as
flexible tools for answering research questionsualmomplementarity in the case of endogenous
innovation regressors. The proposed econometriategly considered either exogenous or

endogenous innovation variables in the model sipgatibn of export propensity. The main
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advantage of using bootstrapping hypothesis testinthe former case and PSM/MSL treatment
effects models in the latter one was the possiiitapply it to large data sets.

Third, we illustrated and tested the usefulnesghefproposed strategy by using data from CIS4 for
the 2002-2004 periods, in order to analyze thegmess of heterogeneous incentives of exploiting
complementarity among German manufacturing firmgovation practices, by export destination
and size. We showed that heterogeneous incentivesptoiting complementarity among German
manufacturing firms’ innovation practices emerge dxport destinations and when size specific
conditions are satisfied. Specifically, large firmgloit complementarity among all three forms of
innovation. Furthermore, export strategies orientedmultiple market destinations require a
stronger coordination among innovation activitiastact evidence of complementarity relationship
is found particularly for firms that export in batitra and extra EU markets.

Ongoing research will be focused on methodologissiies related to the ideas of: (i) studying
whether complementarity of innovation variablesesifor services sector firms; (ii) and exploring
other approaches for the treatment of endogenmasetie regressors in non linear models, such as
Deb and Trivedi (2006) and entropy based semi-pattdcrmethods, with reference to the multiple

hypothesis testing cases implied by the propediissipermodular functions.
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Table 1: Export and Innovation data descriptiog séctor

Exporters Product innovation Process innovation Organiz/mériginnovation Total

Nace rev. 1.1 sectors  Frequendjercentage (%) Frequencfercentage (%) Frequencfercentage (%) Frequency Percentage (%) Frequen@rcerRage (%)

DA 70 2,98 84 3,58 69 2,94 100 4,26 147 6,26
DB 76 3,24 60 2,56 47 2,00 68 2,90 106 4,52
DC 15 0,64 11 0,47 9 0,38 8 0,34 22 0,94
DF_DG 148 6,31 160 6,82 123 5,24 153 6,52 207 8,82
DH 107 4,56 92 3,92 74 3,15 108 4,60 148 6,31
DI 53 2,26 59 2,51 40 1,70 57 2,43 92 3,92
DK 245 10,44 215 9,16 149 6,35 205 8,73 284 12,10
DL 332 14,15 358 15,25 230 9,80 310 13,21 443 18,88
DM 125 5,33 108 4,60 95 4,05 124 5,28 149 6,35
DN 64 2,73 58 2,47 46 1,96 64 2,73 102 4,35
20_21 77 3,28 64 2,73 66 2,81 76 3,24 136 5,79
22 39 1,66 64 2,73 75 3,20 99 4,22 125 5,33
27 75 3,20 50 2,13 64 2,73 64 2,73 92 3,92
28 173 7,37 141 6,01 141 6,01 161 6,86 294 12,53
Total 1599 68,13 1524 64,93 1228 52,32 1597 68,04 2.347 100,00

Sector description is reported in table Al in Apgign

34



Table 2: Export data, by firm size

total sample Small firms Medium firms Large firms
Frequency Percentage (%) Frequency Percentage (equéncy Percentage (%) Frequency Percentage (%)
Exporting firms 1599 68.13% 384 47.23% 552 72.06% 663 86.33%
Non exporting firms 748 31.87% 429 52.77% 214 27.94% 105 13.67%
Total 2347 100% 813 100% 766 100% 768 100%
Table 3: Innovation data, by firm size
total sample Small firms Medium firms Large firms
Frequency Percentage (%) Frequency Percentage (%equéncy Percentage (%) Frequency Percentage (%)
Product 1524 64.93% 420 51.66% 462 60.31% 642 88.59
Process 1228 52.32% 294 36.16% 361 47.13% 573 %A4.61
Organizational and marketing 1597 68.04% 452 55.60% 503 65.67% 642 83.59%
At least one of the 3 2026 86.32% 633 77.86% 654 385 739 96.22%
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Table 4: Productivity levels of exporters and inators

Mean St. Dev.
Exporters 0.48 2.07
Non-exporters -1.03 1.79
Innovators 0.31 2.12
Non-innovators -0.99 1.72
All firms 0 2.11

Table 5: Innovation and exporting by market destima(frequency and percentage)

Total innoltllgtion Product Process Org/marketing

All firms 2347 321 1524 1228 1597
Exporters 1599 146 1169 925 1166
EUonly 748 70 456 373 505

Extra-EU only 115 10 75 50 77

Both 1115 66 854 675 850

Non-exporters 748 175 355 303 431
All firms 100,00% 13,68%  64,93% 52,32% 68,04%
EXxporters 100,00%  9,13% 73,11% 57,85% 72,92%

EUonly 100,000  9,36% 60,96% 49,87% 67,51%
Extra-EU only 100,00%  8,70% 65,22% 43,48%  66,96%
Both 100,00%  5,92% 76,59% 60,54%  76,23%

Non-exporters 100,00% 23,40% 47,46% 40,51% 57,62%
Difference between
Exp and Non-exp -14,27% 25,65% 17,34% 15,30%
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Table 6: Marginal effects of product, process arganizational/marketing innovations

Export propensity
Product innovation Process innovation Organi;ationa!/ marketing
innovation

All data 0.130*** -0.010 0.034

0.037 0.037 0.038
Small firms 0.142%** -0.024 0.031

0.049 0.051 0.049
Medium firms 0.115** -0.016 0.017

0.045 0.045 0.047
Large firms 0.010 0.080** -0.016

0.034 0.034 0.032

Logit estimates; *** 1%, ** 5%, * 10% significantoefficients; standard errors in italics

37



Table 7: Innovation strategies (frequency in nuratzerd %)

Total 000 001 010 100 110 101 011 111

All firms 2347 321 240 91 194 144 364 171 822
Exporters 1599 146 134 51 140 96 254 99 679
EUonly 556 70 66 21 42 47 90 46 174

Extra-EU only 81 10 8 4 7 4 19 2 27
Both 962 66 60 26 91 45 145 51 478

All firms 100% 13,68%  10,23% 3,88% 8,27% 6,14% 1551% 7,29%5,02%
Exporters 100%  9,13% 8,38%  3,19% 8,76% 6,00% 1588% 6,19% 4648,
EUonly 100% 12,59% 11,87% 3,78% 7,55% 8,45%  16,19%  8,27%l,29%

Extra-EU only 100% 12,35%  9,88%  4,94% 8,64% 4,94% 23,46%  2,47% ,33%8
Both 1009  6,86% 6,24% 2,70% 946% 4,68% 1507% 5,30% 6948,
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Table 8: Tests on complementarity/substitutabilityotstrapping for exogenous logit

Export propensity EU market only (Egy) EU and extra EU markets (Eg)

product | product | process | product | product | process| product | product | process
&process| &organiz | &organiz | &process| &organiz | &organiz | &process| &organiz | &organiz

Small firms S S S S C
Medium firms
Large firms C C C C C C

The letter S states that the hypothesis of sulistitlbetween two innovation practices cannot beated at 5%, the letter C indicates that the hygshof complementary
innovation practices cannot be rejected at 5% aniétter is used when there is no significant refethip.

Table 9: Tests on complementarity/substitutabifygL method

Small firms Medium firms Large firms

ATE Std. Err. o) Std. Err. ATE Std. Err. o) Std. Err. ATE Std. Err. o) Std. Err.
Product&Process
Export propensity  0.072*** 0.001 -0.120 0.157 0.39 0.078 -0.270* 0.154 0.081* 0.060 0.071 0.231
EU only -0.001*+*  0.0004 0.059 0.178 0.110%** 0.001 -0.183 0.185 -0.095%** 0.008  0.508*** 0.131
Both 0.296 0.876 -0.707** 0.002 0.160*** 0.052 -0.224 0.175 0.157*** 0.066 .097 0.193
Product&Organiz
Export propensity  0.081*** 0.001 -0.045 0.115 0.162 0.079 -0.299** 0.145 0.096 0.091 -0.251 0.165
EU only 0.046*** 0.013 0.015 0.140 0.150%** 0.005 0.294 0.187 0.004*** 0.0002 -0.073 0.254
Both 0.084* 0.064 -0.144 0.155 0.180*** 0.042 -224 0.162 0.140* 0.074 -0.220 0.165
Process&Organiz
Export propensity  0.041*** 0.001 -0.016 0.130 0.676 0.030 -0.148 0.131 0.080 0.038 0.022 0.201
EU only 0.001***  0.0003 0.096 0.154 0.079*+* 0.0027 -0.128 0.155 -0.128*** 0.012  0.501*** 0.183
Both 0.066* 0.045 -0.093 0.174 0.093*** 0.014 -205 0.139 0.180*** 0.005 -0.268* 0.158

** ** and * indicate 1%, 5% and 10% significanvarage treatment effects and latent factor coeffitsi, respectively
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Table 10: Tests on complementarity/substitutabhiR$M method

Small firms Medium firms Largefirms
Radius 0.05 Pseudo R? M es(at%)las Radius 0.05 Pseudo R? M e?)zg)las Radius 0.05 Pseudo R? M e;;))tnas
ATE SB%Otétrrr Raw  Matched Raw Matched ATE SB%Otétrrr Raw Matched Raw Matched ATE SBEjOtEtr'; Raw Matched Raw Matched

Product&Process
Export propensity 0.032 0.044 0.005 0.001 18.1 3.V 0.060* 0.034 0.009 0 23.3 9.4 0.110*** 0.047 0.0260.008 38 324
EU only 0.024 0.036 0.007 0.003 10.8 2.4 0.004 0.039  0.0130 11.7 5.7 0.007 0.049 0.029 0.017 22.818.3
both 0.007 0.034 0.007 0.003 10.8 2.4 0.068* 0.036 0.013 0 11.7 5.7 0.126*** 0.059 0.029 0.017 22.818.3
Product&Organiz
Export propensity 0.112* 0.059 0.02 0.004 345 24.9 0.068* 0.035 0.015 0 28.7 13 0.017 0.040 0.009 04€0.0 23.3 6.4
EU only 0.042 0.050 0.015 0.003 17.1 9.4 -0.012 0.038 0.010.001 155 6.7 -0.077* 0.040 0.033 0 38.720.2
both 0.047 0.055 0.015 0.003 171 9.4 0.087*** 0.035 10.0 0.001 155 6.7 0.107*** 0.047 0.033 0 38.720.2
Process&Organiz
Export propensity ~ 0.139*** 0.071 0.002 0.014 12 55 0.115%** 0.057 0.003 0.019 134 1.1 0.068*** 0.033 0.019 0.001 32.116.8
EU only 0.131%** 0.065 0.003 0.031 7.3 4.9 0.165*+* 0.075 0.008 0.057 9.3 7.4 -0.023 0.037 0.027 0.006 27.716.5
both 0.025 0.058 0.003 0.031 7.3 4.9 -0.010 0.060 0.008 0.057 9.3 7.4 0.117%** 0.047 0.027 0.006 27.7 16.5

**x ** and * indicate 1%, 5% and 10% significanvarage treatment effects, respectively
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Table 11: Tests on complementarity/substitutabiftynmary results

Export propensity EU market only Both EU and extra EU markets
Product and | Productand | Process and| Productand | Productand | Process and| Productand| Productand| Process and
process org/marketing| org/marketing process org/marketing| org/marketing process org/marketing| org/marketing
small fi MSL: /
mafl firms B:S B:/ B:/ B: S B:S B:/ B:/ B:C
PSM: /
dium fi MSL: C MSL: C
Medium firms B:/ B:/ B:/ B:/ B:/ B:/ B:/
PSM: C 10%| PSM: C 10%
. MSL: S MSL: S MSL: C
Large firms B: C B: / B: C B: / B: C B: C
PSM: / PSM: / PSM: C

Endogeneity tests of innovation variables are baseblSL latent factor coefficients and Rivers-Vuggcedure

B: Bootstrapping testing for exogenous logit andtmamial logit; MSL: maximum simulated likelihoamethod; PSM: propensity score matching.

The letter S states that the hypothesis of sultistitibetween two innovation practices cannot beated at 5%, the letter C indicates that the hyggithof complementary
innovation practices cannot be rejected at 5% hadymbol ‘ / * is used when there is no significaatationship.
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Appendix

Table Al: Description of NACE rev. 1.1 sectors

Sectors  Description

DA Food products, beverages and tobacco
DB Textiles and textile products
DC Leather and leather products

DF-DG  Coke, refined petroleum products and nucleak, themicals,
chemical products and man-made fibres

DH Rubber and plastic products

DI Other non-metallic mineral products

DK Machinery and equipment n.e.c.

DL Electrical and optical equipment

DM Transport equipment

DN Manufacturing n.e.c.

20-21 Wood and of products of wood and cork, exéapiiture; articles of straw and
plaiting materials; pulp, paper and paper products

22 Publishing, printing and reproduction of recatdeedia

27 Basic metals

28 Fabricated metal products, except machineryeguo@ment
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Table A2: Explanatory variables for exporting anddvation propensities

Variable Description Mean Std. Dev. Min Max
7T Relative profitability of firm j 0.00 2.10 -5.84 78
ap Enterprise part of a group 0.65 0.48 0 1
fun  public funding of innovation 0.19 0.39 0 1
co Cooperation arrangements on innovation activities 230. 0.42 0 1
rmac  Engagement in acquisition of machinery 0.58 0.49 01

rtr Engagement in training 0.47 0.50 0 1
roek  Engagement in other external knowledge 0.22 0.42 01
hprior  No innovation activity due to prior innovations .7 0.92 0 3

sins Sources of information on innovation from
consultants, commercial labs or private R&D

institutes 0.55 0.78 0 3
suni Sources of information on innovation from
Universities or other higher education institutes .690 0.90 0 3
sgmt  Sources of information on innovation from
Government or public research institutes 0.43 072 O 3
spro  Sources of information on innovation from
Professional and industry associations 0.67 0.83 03
hdom  Hampering factor: Market dominated by esthblis
enterprises 0.39 0.79 0 3
hmar  No innovation activity due to no demand for
innovations 0.88 1.03 0 3
hper  Hampering factor: Lack of qualified personnel 0.44 0.80 0 3
hfout  Hampering factor: Lack of outside funds 0.44 0.88 03
eforqu Effects of organizational innovation: Impeov
guality of goods/services 1.29 1.24 0 3
eforco  Effects of organizational innovation: Reducedts
per unit output 0.99 1.11 0 3
efored Effects of organizational innovation: Redutiet
to respond to customers’ needs 1.27 1.26 0
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