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Resumo

Existe um grande ndmero de estudos sobre a relagie a Investigagdo e Desenvolvimento

(I&D) e as exportacdes. No entanto, os resultadns sempre sdo claros: ndo obstante a maioria
deles confirmarem uma relagéo significativa, pesi# bidirecional, outros ndo encontram relagéo
significativa, e um numero relativamente pequengesel uma associacdo negativa entre estas

variaveis.

O presente estudo visa avaliar se, no caso de isnppgueno, aberto e periférico, em que as
exportacdes sdo o motor do crescimento econémias,que padece de um notdrio atraso no que
respeita ao investimento em 1&D, a I&D tem impaefou influéncia sobre as exportacdes e a
inter-relacdo entre a 1&D e as exportacdes tem dtgpaobre o desempenho econdmico das

empresas.

z

A avaliacdo € efetuada através da estimacdo de losogeobit bivariaveis, que permitem a
estimacdo simultanea das duas decisdes (I&D e Eagdm), levando em conta a correlacdo
existente entre os erros de estimacdo das equeglaéisas ao I&D e as exportacdes, e de um
modelo em painel que estima o impacto das decidéet&D e exportacdo no desempenho
econdmico das empresas. As estimacdes envolvemdea&40 mil empresas nao financeiras com

sede em Portugal, no periodo 2006-2012.

Os resultados confirmam a existéncia de complemdatie entre a I&D e as exportagfes, o que
significa que o desenvolvimento de atividades db i& aumentar a probabilidade de a empresa
também se envolver em atividades de exportagdo ee agenvolvimento em atividades de
exportacdo aumentard a probabilidade de tambémnwidsger 1&D. Os resultados também
evidenciam as empresas mais produtivas se autoigeen para as atividades de exportacéo,
retirando destas atividades importantes aprendigag@nalmente, comprovou-se que a I&D e as
exportacdes tém um efeito positivo no crescimemi® wbndas, que é reforcada quando as duas

atividades sdo desenvolvidas simultaneamente.

Os resultados obtidos tém importantes implicacfespdlitica. Em concreto, h& evidéncia
suficiente para sugerir uma alteracdo no paradigmaapoios publicos a 1&D e exportacao,
frequentemente atribuidos de uma forma desartiautadsolada. E, assim, imperativo que as
politicas de inovacao e de promoc¢ao das exportagjam articuladas privilegiando, na atribuicéo
e seleccdo de empresas para apoios publicos, assmmue desenvolvem (ou tém intencbes de
desenvolver) em conjunto atividades de 1&D e exugdd. Tal exige ainda uma alteracdo
institucional das politicas publicas de apoio dwigdades de inovagdo e exportacdo que sao, regra

geral, definidas e implementadas por diferente@oerelacionados departamentos governamentais.
Cddigos-JELF14; L25; 032
Palavras-chaveExportacdes; I1&D; Inovacao; Desempenho Econontrescimento das vendas



Abstract

There is a vast number of studies about the relstip between R&D and exports.
However, results are not always clear-cut: the nitgjof them confirm a significant,
positive and bidirectional relationship, other s&sdfind no significant relationship, and a

very small number suggests a negative associatitmelen exports and R&D investments.

The present study seeks to evaluate whether, icdbe of a small, open and peripheral
country in which exports are the engine of econognowth despite the noticeable
laggardness in terms of R&D, R&D impacts on andiofluences exports; and,

additionally, whether the interrelation between R&ihd exports impacts on the

performance of companies.

The evaluation is performed through the estimadiivariate probit models, which allow
the simultaneous estimation of the two decision&Rand Export), taking into account
the correlation between the estimation errors ef équations for the R&D and exports,
and a panel model that estimates the impact osas on R&D and export on economic
performance of firms. The estimates involve morantt840 thousands non-financial

companies based in Portugal, in the period 200@201

The results confirm the existence of complementdrétween R&D and exports, which
mean that engaging in R&D activities will incredle probability of a firm also engage in
exports activities and that engaging in exportvatats, will increase the probability of also
engaging in R&D. The results also provide supportiie hypothesis that more productive
firms self-select into exporting activities and algrovide support for the learning-by-
exporting hypothesis. It is further found that R&Dd exports have a positive effect on
sales growth, which is enhanced when both acts/tigcur simultaneously.

The results have important policy implications. Sfpeally, there is enough evidence to
suggest a change in the paradigm of public R&D exybrt support, often granted in a
disjointed and isolated way. It is therefore imp&ethat innovation policies and export
promotion are articulated. They should assure piidiic support is driven to firms that
develop (or intend to develop) R&D and export atieg jointly. This also requires an
institutional change of public policies to suppariovation and export activities which are

generally defined and implemented by different ancklated government departments.
JEL CodeF14; L25; 032

Keywords:Exports, R&D, Innovation, Economic PerformancdeS&rowth
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1. Introduction

The export capacity of a company is often consdiareindicator of competitiveness
and success (Esteve-Pérez and Rodriguez, 2013), tivt implicit idea that an

exporting firm tends to be more productive tharoa-axporter (Silvat al, 2013).

The differences between exporters and non-exponi@re recently been associated
with the respective willingness to invest in intdolgs, including Research &
Development (R&D). Specifically, Avet al. (2011) identified investment in R&D
and the adoption of technology as relevant factorsexplaining the higher
productivity of exporters compared to non-expotté@itseese authors consider that the
decisions to export and invest in R&D or technol@yg interdependent and both

influence the future profitability of companies.

Underneath the relationship between exports and R&@nds the theoretical
literature that describes the process of firmsnliegr through internationalization,
including the impact of such learning on innovat{@irmaet al, 2008). According
to Girmaet al. (2008), in order to compete in international nesskexporters have to
invest in technology to meet the needs of a mophisticated demand. Exporting
companies also have access to sources of knowkb@dgeare not available in the
domestic market (Alvarez and Robertson, 2004). @Hestors lead exporters to
improve their knowledge base and hence increase ith@ovative capacity and
ability to create better quality innovations (Gdtovand Valentini, 2011). Regarding
R&D, the higher is the firms’ investmerthe more likely it is that their products
and/or services become innovative and competipgsitively impacting on exports,
and thus that they gain competitive advantage (&aetairer and Woessmann, 2006;
Cassiman and Martinez-Ros, 2007). Furthermore, ittience of R&D on
productivity is also widely analyzed. Many studs#®w that R&D and innovation
are important sources of productivity differencestween firms, identifying a
positive relationship between R&D and productivéyd firms’ growth (Griffithet
al., 2006). These productivity gains in firms thatest in R&D will then be reflected
in the self-selection of the exporting process, thee more productive firms are those

that are more likely to become exporters.

There is already a wide range of empirical literatthat examines the relationship

between exports and innovation, more specificalg, activities of R&D. Most of



this literature explains only one of these varialidased on the othez.¢, Wakelin,
1998; Bleaneyand Wakelin, 2002; Roper and Love22@aldera, 2010; Cassiman
et al, 2010; Cassiman and Golovko, 2011; Harris an®Qi,1). However, recently,
exports and R&D have been understood as complenyeatad interdependent
(Esteve-Pérez and Rodriguez, 2013). According noesauthors€.g, Golovko and
Valentini, 2011), this complementarity explains thigher levels of performance
(sales growth) of Spanish manufacturing small aretiom-sized firms (SMES).
However, there is no consensus that there is a leongmtarity between the both
strategies R&D and exports, which in previous stsdmerged as alternatives that
should not be carried out jointly (Golovko and \fdlei, 2011). Indeed, Roper and
Love (2002) suggest that in the case of German faaturing plants where levels of
innovation intensity are high but the proportionsafes attributable to new products
is low, there was a trade-off between investmenniovation and exports, rather
than a complementarity, because of the rival @iion of limited organization
resources (human and financial). Although they favidence of complementarity
between the two activities for Irish firms, Girne al (2008) fail to find such

evidence for British firms, which reinforces thekaof consensus on this issue.

Existing studies in this area focus mainly on mdeweloped countries — Britain,
Germany, the Republic of Ireland -, closer to teehhological frontier and with
solid and internationalized national and regiomalovation systems (Bleaney and
Wakelin, 2002; Roper and Love, 2002; Girrmaal, 2008; Ganotakis and Love,
2011). In smaller and open countries, where ex@raone of the key engines of the
economy, but innovation performance lags behind tdalnological frontier, the
existence and significance of exports-R&D completagty has not yet been

assessed at the microeconomic level.

The present dissertation, aims at filling this dmpusing a large firm database of
more than 340 thousand non-financial corporatidatated in Portugal over the
period 2006-2012. It contributes to the relevatdréiture by focusing on a small,
open and peripheral country - Portugal - in whigpats are the engine of economic
growth, despite the noticeable laggardness in iation, in general, and R&D, in
particular. Specifically, the dissertation raise® tmain questions: (1) Is there any
complementarity between investment in R&D and etgpat the company level?;



and (2) What is the individual and joint impactesfports and R&D investment on

the economic performance of companies?

The empirical analysis is carried out using compdata from the Central Balance
Sheet of the Bank of Portugal that covers the uses@f non-financial corporations
in Portugal (more than 340 thousand companies/y@a) the period 2006-2012.
Such data are based on the Simplified Businessnh#ton (SBI) which corresponds
to a deposed accountability that annually eachfma@mcial company has to make to

the Ministry of Justice.

To answer the two research questions, and in litke similar studies€.g, Girmaet
al., 2008; Golovko and Valentini, 2011; Esteve-Peaézl Rodrigues, 2013), we
resort to econometric techniques. Regarding tis¢ duestion - the complementarity
between investment in R&D and exports - we estinsataivariate probit model.
Regarding the second question - the joint impaexports and R&D investment on
the economic performance of companies - we follog/rhethodology implemented
by Golovko and Valentini (2011), which encompasadixed-effects panel model
with AR(1).

The present dissertation is organized as folloviee fiext section presents a review
of the existing literature on the relevant subjethe relationship between exports
and investment in R&D and the impact of R&D and axmn the performance of

companies. Section 3 briefly details the methodpl@&gction 4 presents the results,

and Section 5 the conclusions.



2. A critical review of literature
2.1. Therelationship between exports and investment in R& D

The relation between exports and investment in R&Eudes three major issues:
whether innovation (R&D) leads a company to expatiether the export activity
leads the company to be more innovative; and whdtie causal relationship is

bidirectional and there is complementarity betweentwo activities.

There is already fairly extensive research on tiesees. Earlier studies treat the two
first’s issues: whether innovation (R&D) leads angany to export and whether
export activity leads the company to be more intigegWakelin, 1998; Bleaneyand
Wakelin, 2002; Roper and Love, 2002; Caldera, 20@@ssimanet al, 2010;
Cassiman and Golovko, 2011; Harris and Li, 201hly@he more recent studies test
the third issue,i.e., a bidirectional relationship of mutual causalitynplicit
complementarity and interdependence (Giretaal, 2008; Damijanet al, 2010;
Golovko and Valentini, 2011; Esteve-Pérez and Ry, 2013). However, there is
no consensus in these studies; there are casesiti/@ evidence of causalite.g,
Girma et al. (2008 ) for Irish companies; Caldera, 2010; Gotodnd Valentini,
2011; Esteve-Pérez and Rodriguez, 2013) but therealso cases in which this
causality is not significant (Girmet al. (2008) for UK companies; Damijagt al,
2010), and even cases where the relationship iativege.g, Roper and Love,

2002) in the case of German manufacturing plants.

2.1.1. Theinfluence of R&D in exports

Early theoretical literature defends a one-wayti@aship between innovation and
exports. Innovation is identified as one of theed®inants of exports (Vernon, 1966;
Krugman, 1979). The intuition behind these earlydeis of the product cycle is that
product differentiation and/or innovation generatempetitive advantages that
enable companies to compete in international mar&trmaet al, 2008). The latest

generation of neo-technological models also suppihis causal link (Greenhalgh,
1990; Greenhalgh and Taylor, 1994). More rece@ippssman and Helpman (1995)
modeled a macroeconomic scenario where firms imgrthe quality of their

products (synonymous with innovation). The ressiam outward shift in the demand
curve of the country's export. One possible exgiandor this result is that the more

a country/firm invest in R&D, the more innovativéxda competitive become its
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products and/or services and in this way a competi&ddvantage emerges, with
positive effects on exports (Lachenmaier and Woassim 2006; Cassiman and
Martinez-Ros, 2007). Avet al (2011) also identified investment in R&D and the
adoption of technology as relevant factors in exjhlg the higher productivity of
exporters compared to non-exporters. AccordingweA al (2011), investment in
R&D affects future productivity endogenously.The influence of R&D in
productivity is also widely studied and many stgdsdow that innovation and R&D
are important sources of productivity differencestween firms, identifying a
positive relationship between R&D and productivaiiyd firms’ growth (Griffithet
al., 2006).

2.1.2 Theinfluence of exportsin R&D

There exists a theoretical body of literature teaplains how companies learn to
internationalize and specifically explains the uefhice of exports on innovation. The
central idea is that in order to compete in inteamal markets exporters have invest
in new technology, which is often required to mbet needs of a more sophisticated
demand (Girmaet al, 2008). Exporting companies also have accessuass of
knowledge which are not available in the domestarkat (Alvarez and Robertson,
2004). These factors imply that exporters impraveirtknowledge base and thus
increase their innovative capacity, being ablergate innovations of better quality
(Golovko and Valentini, 2011). Thus, the exportiatt of a business can have a
positive influence on its R&D and innovative capa¢Salomon and Shaver, 2005b;
Girmaet al,, 2008).

The above mentioned phenomenon is named ‘learnyrgxporting effect’. This

effect is theoretically demonstrated by Hobday 8)9®ho develops a technology-
gap model to demonstrate that external demandtharsdexport activity, increase the
rate of innovation. The author proves that knowéedg cumulative and that its

progression leads to a path of growth in comparibs.overwhelming conclusion of

! In additionto endogenous growth theory which isteand of the literature stressing the importance
of R&D for productivity growth (seee.g, Romer, 1990), there are more two strands suimgost
positive relationship between R&D and firm’s protivity growth (Mafiezet al, 2013). The first is
based on the R&D capital stock model of Grilichd979, 1980), and analyses the relationship
between R&D and productivity growth. The seconthis active learning model (Ericson and Pakes,
1995), according to which investments in R&D cdmites to improve firms’ productivity over time.

5



the model is that exports positively influence tteehnological and innovative

capacity of firms.

2.1.3 The complementarity between exportsand R&D

The analysis of the influence of exports in R&D anzk versaaises the question of
complementarity and interdependence between theatwivities. Awet al (2011)
found that decisions to export and invest in R&Dtexhnology are interdependent
and both influence the future profitability of fismAccording to these authors, these
investment decisions depend on the expected retuthe sunk costs of entry in
these activities. Awet al (2011) argue that, on one hand, the investmeR&D
increases productivity, which leads to improved pedfits expected from export;
and, on the other hand, the global market sharencaease the return on investment
in R&D. Additionally, Bernard and Jensen (1999)wwdhat the implementation of
one of these activities can reduce the costs ofementing the other. Specifically,
innovation can reduce the costs of exporting. Aditwy to the authors, export entails
some sunk costs, first in the beginning of thevagti but also later when it evolves.
These sunk costs are packaging costs, improvindugtogquality, establishment of
marketing channels and the gathering of informatiarsources of demand (Robert
and Tybout, 1999). Exporting companies also havaimidtrative and additional
shipping costs, which generate a disadvantage cauiga domestic companies in
the market where they are exporting (Golovko anteimni, 2011). Consistently,
the literature has shown that firms that starbdpoet are more productive than those
that do not export, because only then they are @blear the additional costs that
export imply (Bernard and Jensen, 1999). Speclficalassiman and Golovko
(2011) demonstrate that innovation is the sourcénigher productivity and self-
selection of more productive firms to export. Thiy, improving productivity,
innovation reduces the costs associated with exg@wlovko and Valentini, 2011).
Moreover, exporting firms have more incentives toest in R&D, because this
investment will be diluted by a larger output (Esté®érez and Rodriguez, 2013)
thus reducing the R&D/turnover ratio. Also exparés reduce the costs of R&D via
capital markets. Investment in innovation, inclgdiR&D, involves the application
of large financial resources in the short term with expectation of positive returns
in the future (Golovko and Valentini, 2011). If dab markets are completely
efficient, and if the information is available tth parties, then companies should get

6



external financing for all profitable investmentpaptunities (Golovko and Valentini,
2011). However, if these conditions are not metemal financing may not be
available, or may become too expensive, and so ani@p are subject to the internal
constraints of generating financial flows to finartbeir investments (Golovko and
Valentini, 2011). Thus, companies with variablehcliews are very conditioned to
make investments in innovation that have a padityluncertain return (Golovko
and Valentini, 2011). According to Salomon and Shmay2005a), exporting
companies can stabilize cash flows, since busicydes are not perfectly correlated
between national economies. Thus, exporting conggatan have more resources to
invest in innovation (Golovko and Valentini, 201And they can also have cheaper
access to external financing, as exports give ngurarantees to markets that
companies have liquidity to meet their obligati¢Gbaver, 2011).

According to the cognitive approach, both strategiee considered as key channels
for the accumulation of knowledge, improving firmeapabilities and their
competitive advantages and hence their profitgb{listeve-Pérez and Rodriguez,
2013). The size of the generation and accumulatioknowledge in R&D is well
known since the seminal paper by Cohen and Levi{i889). For exports, the
cognitive dimension was recognized only more rdgeahd is less consensual
(Esteve-Pérez and Rodriguez, 2013). According ttevesPérez and Rodriguez
(2013), participation in international markets gewtes knowledge flows through
three channels: (1) interaction with foreign contpes; (2) increase of the scale of
production; and (3) increased competition risingeimtives for innovation. The
complementarity between the two activities in terafisknowledge accumulation
exists for two reasons. First, the internal knowkedjenerated by R&D activities
helps to build technological capabilities which leleathe absorption of external
knowledge acquired in the export market, thus geimey a higher return of exports
for companies that have accumulated knowledge ¢iranternal R&D (Esteve-
Pérez and Rodriguez, 2013). Second, experienceparts generates knowledge
flows that increase the innovative capacity of ramd their R&D activities (Esteve-
Pérez and Rodriguez, 2013). These knowledge floevslarived from contact with
the richest sources of technology, with the begtrimational practices and with
tougher competitors (Girmat al, 2008; Esteve-Pérez and Rodriguez, 2013).



Thus, according to the literature, and despite |#o& of consensus of empirical
studies, it is expected that some complementagtyéen investment in R&D and

exports exist at the company level.
2.2. Theimpact of R& D and export on the perfor mance of companies

The literature review conducted in previous chapgerggests that R&D and exports
should be complementary in assessing their impacthe economic. The two
activities complement each other in terms of acdatimn of knowledge, lowering
costs and potentiating firms’ profits. R&D throuis impact on productivity and on
new and better products; and exports, directly @gnpd the positive effect of R&D.
Confirming this intuition, Golovko and Valentini@21) show that the positive effect
of innovation on firms’ growth is higher if firmsxport and vice versa. Filatotchev
and Piesse (2009) also examine the interrelatipnsbiween R&D, exporting and
sales growth of newly listed firms in the UK, Gemygaltaly and France, and they
find that both R&D and export intensities have aipee effect on sales growth.

2.2.1 Theisolated impact of exports and R& D investment on the perfor mance of

the companies

In addition to the clear and obvious effect of axpin sales (Shradet al, 2000), a
positive effect of exports on the growth of comganis due to the indirect gains
from revenue diversificatione(g, Shaver, 2011) and the development of new
capabilities promoted by internationalization, whitcrease the ability of the

company to pursue new growth opportunities}( Sapienzat al, 2006).

Innovation in general and R&D in particular can é@@everal positive impacts on the
performance of companies. Innovation can create p@auct markets or increase
the willingness of consumers to pay for new or ioved product features (e.g.,
Choand Pucik, 2005). Also innovative companies better prepared to take
advantage of spillovers and are more resistantaoroeconomic shocks (Geroski
al., 1993).

222 The R&D investment and exports complementarity impact on the
performance of companies

The analysis of the previous sections suggestssdiym interdependence between

exports and investment in R&D. The contributioreports to sales growth depends

8



on the amount that can be exported and on the ptioghich firms can sell in
international markets (Golovko and Valentini, 2Q1There is strong evidence that
the "law of one price" - i.e., the same productssnid at the same price in different
countries - does not hold (Golovko and Valentifil2). Moreover, it is clear that
the deviation in the law of one price is not anifact of non-identical goods
(Goldberg and Knetter, 1997). More specificallyreign markets often generate
lower mark-ups compared to the domestic mar&eg,(Bughin, 1996). Competition
and the costs related to exports are among theerdriof the lower mark-ups
observed (Golovko and Valentini, 2011).

Most differences between the domestic price andettport price are due to price
differences between companies in the same markiér&nces between markets are
relatively less important (Golovko and ValentinQ12). These variations within the
same market reflect differences in the attributed quality of the products (Awt
al., 2001) explained by investment in innovation (@b and Valentini, 2011).
More specifically, Braymeet al (2011), analyzing newly founded North-American
companies, demonstrate how investment in R&D esabtampanies to produce
better varieties of products that have global deimafcGuinness and Little (1981)
also conclude that improvement of the products’ quai features and the
differentiation of existing products increase expoerformance and sales growth.
Moreover, investing in innovation for exports casoaoring positive spillovers to the
domestic market (Golovko and Valentini, 2011). S$ipeadly, producers exporting a
particular variety of a product can achieve a ptemprice for sales of the same
variety in the domestic market, which is associatéth an increase in investment

activity when the new variety is released (lacovand Javorcik, 2012).

Thus, it is expected that the complementarity betwexports and R&D impacts on
sales growth because the innovative exporting compaan increase their sales by
selling the best products on export markets (mawgagp sell a larger quantity or
getting more favorable price) while price can denefit from positive spillovers of
sales in the domestic market that will be of betpeality (Golovko and Valentini,
2011).

As already mentioned in the previous section, theralso a complementarity
between R&D and exports regarding the accumulatibknowledge. The greater
complementarity, and the greater the knowledgeraatted by companies and their
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ability to learn, the greater will be the benefit tompanies undertaking both
activities simultaneously. Logically, complementgarin terms of costs, leads
companies to be more competitive and thus to aehiegher sales growth both

internally and externally.

Based on the above arguments, it is expected dpatt from a positive impact of
R&D and export on sales growth individually consetg there will be an additional
positive impact related to the complementarity &0Rand exports.

10



3. Methodological considerations
3.1. Brief overview of the literature on the relevant methodologies and proxies

To answer the first question of the dissertatioonualihe interdependence between
investment in R&D and exports, and similarly to A al (2007), Girmaet al
(2008), Golovko and Valentini (2011) and EsteveeRé&nd Rodriguez (2013) — see
Table 1 -, we will implement a bivariate probit nebdThis method explicitly takes
into account a possible correlation between exgadt R&D activities (Golovko and
Valentini, 2011; Esteve-Pérez and Rodriguez, 2013).

To test whether the complementarity between ex@ortsR&D investment impacts
on firms’ economic performance (i.e., sales gromig follow the methodology of

Golovko and Valentini (2011). We estimate a grovefiression using a fixed-effects
model in order to account for the possible endoierad export and innovation

decisions and performance measure in this modeth sethod allows controlling

for time-invariant unobserved firm heterogeneityol@ko and Valentini, 2011).

And we use a First-Order Autoregressive (AR(1))cpss for the errors in order to
control for the presence of the serial correlationthe model (Golovko and

Valentini, 2011).

Table 1: M ethodology of studies of complementarity between investment in R& D and exports

Authors Dependent
Sample M ethod . Releva\r/u I_Exkr))llanatory
(Year) Variables ariables
Lagged Innovation (t-1) (R&D
Dummy);
Lagged Exports (t-1)
Exports (Dummy);
8802 firms . Lagged R&D Intensity(t-
Golovko and (SMEs) - . (Bummy); 1)(R&D Expenditure
Valentini Bivariate Probit Innovation normalized on firm Sales);
2011) 1990-1999 Model vatl '
Spain (R&D Lagged Size (t-1) (logarithm of
P sales)
Dummy)

Lagged Advertising I ntensity
(t-1) (share of spending on
advertising and public relations

in firm sales)
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Authors Dependent ]
Sample M ethod ) Relevant Explanatory Variables
(Year) Variables
Lagged Innovation(t-1) (R&D
E ‘ Dummy);
10361 firms Xports )
from Britain: (Dummy); Lagged Exports(t-1) (Dummy);
Girmaetal  g3g4 firms from ; Lagged Productivity
Innovation
(2008) Republic of (sales/worker)
Ireland2000- (R&D Lagged Wage Rate (avg.
2003 Dummy) wage/worker)iagged
Employment (full time
employees);
Blva&aotg e'IDrOb't Lagged Innovation(t-1) (R&D
Dummy);
Exports Lagged Exports(t-1) (Dummyy);
Esteve- 1?81&22?8 (Dummyy); Lagged Productivity (Total
Pérez and | nnovation Factor Productivity(TFP))
R?géllg;)ez 1990-2006 (R&D Lagged Size (t-1) (Discrete —
Spain 1,2,3,4 —in function of number
Dummy) of employees);
Lagged Advertising (t-1)
(Dummy);
Lagged Innovation (t-1)
(Process and product
innovation);
o148 Exports (Dummy); Lagged Exports (t-1);
irms . -
Damijanet Propensnyj Innovation (Process Lagged Produtivity (t-1) (value
al. (2010) 1996-2002 Score M.atchlng and product added/employee);
Slovenia Techniques i(re)novatic;? Lagged Employment (t-1);
ummy

Lagged Capital I ntensity (t-1);
Lagged R&D (t-1);
Lagged I mports (t-1)(Dummy);

3.2. Econometric specification for testing the complementarity between exports

and R&D

As previously discussed, for testing the compleiuéyt between exports and R&D
expenditures a bivariate probit model will be impénted. This model takes into
account the possible correlation between the @eons of each of the model’s
the
interdependence between exports and R&D (EstevezPa&nd Rodriguez, 2013).

equations, which may arise given the high seriallgrrelation and

Following Esteve-Pérez and Rodriguez (2013), thecifipation of the bivariate

model is (for simplification firm’s indexes are supssed):
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1 yex>0 j=12

it = {0 elset=2,..,T (1)

Yie * = Y11Vie-1 + Vi2Var-1 + X1+ + 114(2)

Yar * = Ya1V1e-1 + V22Var-1+ Xe-1'Ba+ Mo + p2e(3)

The dependent variables are binary variables assacwith exportsy,) and R&D
expenditures ¥,;). ¥,:iS a binary variable equal to 1 if firm is a exmorin the
current year, zero if noy,; is a binary variable equal to 1 if firm has anysipwe
R&D expenditure int, O if not (Girmaet al, 2008). Following Esteve-Pérez and
Rodriguez (2013) the same independent variabldwilised in the two equations,
including initial conditions and within-individuaheans. It is assumed that (u,) is
distributed as a bivariate normal with varianegsandos;,and covariance,, o,,p,
(Esteve-Pérez and Rodriguez, 2013). It is alsonasduhat error termsu{;, u,;) are
bivariate standard normal with covariancand are independent over time. Finally,
it is assumed that (;,u, ), u; and x,_, are independent (Esteve-Pérez and
Rodriguez, 2013).

The output of this model is the probability of eroeg and of investing in R&D in
yeart, based on lagged firms’ characteristics (Esteve®@and Rodriguez, 2013).
The lagged value of R&D is the key variable in #guation of exports and the
lagged value of exports is the key variable in dogiation of R&D, because the
relationship between exports and R&D is the cemaaéarch issue. The presence of
the lagged R&D variable in the equation of expaitas at testing whether engaging
in R&D will increase firms exports and whether egigg in exports will increase
firms R&D (Esteve-Pérez and Rodriguez, 2013).

Esteve-Pérez and Rodriguez (2013) argue that,nwill@ cognitive approach, these
lagged variables are proxies for thck of knowledge (internally accumulated —
R&D; externally accumulated — exports). The laggedorts in the equation of R&D

also test the so called learning-by-exporting effébat captures the potential
positive impact of previous export activity on n®&D expenditure as explained in
(Girmaet al, 2008). In order to test the persistence andsepessistence of exports

and R&D, we include lagged variables for both icleaquation (Esteve-Pérez and
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Rodriguez, 2013). The inclusion of the variable akp also accounts for the

importance of sunk costs in the internationalizapoocess (Girmat al., 2008).

In accordance with previous studies that implenaesimilar model (Awet al, 2007,
Girma et al, 2008; Golovko and Valentini, 2011; Esteve-Péagzl Rodriguez,
2013), we include a set of additional explanataayiables included in the x-vector

as control variables, presented in Table 2.

Table 2: Additional Explanatory Variables

Variables Type Definition
Size Continuous Logarithm of employees
o ) ) Logarithm of share of spending on advertising and
Advertising I ntensity Continuous ) . o
public relations in firm sales
Productivity Continuous Logarithm of value added/Employee
Age Continuous Logarithm of number of years since tha fivas created

) ) 1 if the firm’s social capital was directly or imdctly
Foreign Binary o ) .
participated by foreign capital it

] ) ) Logarithm of share of office/technical equipmendl an
Capital Intensity Continuous ) o
construction spending in firms’ sales

The lagged productivity is included as a proxy wig’ efficiency in line with

existing studies and to take account for the safetion of more efficient firms
regarding the export activity (Awet al, 2007, Silvaet al, 2013). The expected
relationship between the previous productivity leasgd returns from both R&D and

exports is positive (Avet al, 2011).

Firms’ size is an important control variable thaayraffect both exports and R&D
decisions (Golovko and Valentini, 2011). The expdatelationship between firms’
size and exports and between firms’ size and R&Ipasitive (Esteve-Pérez and
Rodriguez, 2013). However, there are some autil@Blernard and Jensen (1999)
that find a non-linear relationship between sizel &axporting, showing that the
positive effect of size only emerges after a cartareshold. On average, larger firms
have access to more resources to invest in R&Ddikol and Valentini, 2011).
These resources, necessary to carry out investieeigions that involve uncertainty
and sunk costs, are more accessible to larger fomeause they are more likely to

obtain loans as well as non-financial resourcesnéugarial, scale economies)
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(Esteve-Pérez and Rodriguez, 2013). Neverthelassll firms may have an
advantage, especially in innovative activities, suse they are more flexible in
adapting to changing competitive environments, aath have more flexible
management structures (Esteve-Pérez and Rodrig0é3). Small firms also are
associated with less bureaucracy and, thus, matabg influence the efficiency in

innovating (Acs and Audretsch, 1987).

The foreign participation in firms’ capital is inded because this participation can
facilitate the process of becoming an exporter {Ba2001). In addition, foreign-
owned firms may have better access to financiabuess, knowledge and
technology (Esteve-Pérez and Rodriguez, 2013). ,Taymositive effect of foreign
participation in export activities is expected. Tftect of this participation on R&D
investment is unclear because innovative activitiey take place in the parent firm
or the firm may take advantage of the stock of Kieogye and financial resources of
the parent firm to carry on its own R&D activiti€Esteve-Pérez and Rodriguez,
2013).

Advertising expenditures are included due to theipectable positive effect on
exports. In fact, advertising helps to build upras or trade names (Esteve-Pérez
and Rodriguez, 2013).

Capital intensity is included with advertising ing#ty as proxies for complementary
assets (Teece, 1986). These complementary ass@isianfirms’ capabilities like

manufacturing capabilities or sales’ expertise (Bkb and Valentini, 2011). The
presence of complementary assets has a positivecexpimpact both on exports
and innovation activities, since these capabilitiere used to bring new

product/process innovations to the market (Goloakad Valentini, 2011).

Age has an unclear effect both on exports and R&D.one hand, older firms are
more likely to have the required resources (finalhand knowledge) to implement
these activities; on the other hand, if youngendérare more flexible, aggressive and
proactive a negative relationship could be expe¢kEsteve-Pérez and Rodriguez,
2013).

In addition, section of the NACE and year dummiescontrol for the industry
heterogeneity and macroeconomic conditions comnmorlit firms are included
(Golovko and Valentini, 2011).
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3.3. Econometric specification and proxies for testing the individual and

complementary impact of exportsand R& D on the perfor mance of companies

The other central research question of this stadg measure the individual and the
complementary impact of exports and R&D on thegrenbince of companies, more
precisely on sales’ growth. The choice of salesigh to measure performance is in
line with previous studies, consensually used ta dlzat contain firms from different
industries €.g, Golovko and Valentini, 2011), as in our study.

To test whether the complementarity between ex@ortsR&D investment impacts
on firms’ economic performance, the following growegression will be estimated
(as in Golovko and Valentini, 2011). The model irdgs four exclusive dummies for
exporting/R&D activities that will be estimated order to link them to firms’
growth (Golovko and Valentini, 2011):

Vit = V1Dit—-1 + xl{tﬁ_zl + U (4)
The dependent variable is firiis sales growth rate at timgwith respect to time-

1). Following Golovko and Valentini(2011), an expotial sales growth trend will

be considered:

¥, = log[=2es® (5)

sales(t—1)

In this model the simple export and R&D dummies exeluded and a vector of
exclusive dummy variableB for the choice of the combination of the exportl an

R&D activities in yeat-1is used (Golovko and Valentini, 2011):
D = {(NoR&D and NoExport); (OnlyR&D); (OnlyExport); (R&D ans Export)}

When R&D and exports are complementary, the estmmadf the parameter
associated with variablg®&D and Export) is positive and statistically significant.
We include as control variables the explanatoryabédes used in the bivariate probit
model pluswage rate measure as logarithm of average Wage/Employetestoif
the complementarity between R&D and exports hascefin the growth ratsizeto
account for the link between firm size and growith and Beamish, 2006jpreign

as potentially responsible for differences in giowahd in exports between domestic
and foreign firms (Golovko and Valentini, 2011),dawage rateas a proxy for

employees’ skill intensity (Bleaney and Wakelin02Q
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3.4. Data description

The data used in this study are from the Centrdhrig® Sheet of the Bank of
Portugal that covers the universe of non-financ@porations in Portugal over the
period 2006-2012.

Table 3: Number of observationsin the data
Year 2006 2007 2008 2009 2010 2011 2012

Observations 345 817 361 298 371374 371125 365 547 377 026 7680

Source Own computations based on the Bank of Portugitigplified Business Information (SBI).

Such data are based on the Simplified Businessnh#ton (SBI) which corresponds
to a deposit account that annually each non-firrdremmpany has to make to the
Ministry of Justice. These data also are used ley BAnk of Portugal and the
National Institute of Statistics for statistics posals and for the Ministry of
Finances to fiscal proposals. This report providgbaustive accounting standard

information at the firm level.

A problem with the data is that there was a changthe Portuguese accounting
system in 2010. For the major part of the datawWeanheed to support our study that
change is not a problem; however, regarding tha datinnovative activities this is a
problem that could mean a break series. The maireis that in the first accounting
system the data of R&D includes software expene#wand, beyond problems of
non response, it is rather difficult to excludeghwalues from R&D expenditures.
This issue causes problems of comparability ofddw@ in the two parts of the series.
In the first part, as we can see in Tablé wle have more firms with R&D
expenditures but with smaller values and, in treosd part, we have few firms with
R&D but with higher values. The series of expodsconsistent in terms of the
number of firms exporting and the values of exportthe both periods. The other
series of variables are also consistent in botloger

2 Table 4 contains some descriptive statistics fthendataset in order to highlight the impact of the
change of the accounting system that is used mwrtrépe information of the database.
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Table4: Descriptive statistics

2006-2009 2010-2012
Variables Number of M ean Number of Mean
obser vations/year obser vations/year
R&D 6181 51 590 2709 200 696
Exports 41527 1413 857 48 274 1 370 405
Sales 362 557 925 966 371173 879 532
Advertising 146 460 23 300 127 872 21 425
Productivity 280 078 19 666 291 887 17 894
Wage Rate 280 078 9 275 294 765 9186
Age 362 521 11 years 370 643 12 years
Foreign 3273 - 3384 -
Capital Intensity 305 407 0.96 303 893 1.02

Source Own computations based on the Bank of Portugitigplified Business Information (SBI).

Table 5 shows the difference regarding main detieeistatistics between firms that
have R&D expenditures and that do not have. Talde<ribes this difference for
firms that export and firms that do not exportnfidrwith R&D and with exports, on
average, have more sales, are older, have highvertaihg investment and higher
capital intensity, are more productive, and offighler wages, i.e., are endowed with
better human capital. In terms of foreign capitdle firms that have R&D
expenditures have also, on average, higher wethlats the other group; however,
this difference is very small (1.27% 1%). In the case of firms with exports the
difference is considerably higher (2.9%% 0.72%). Finally, in relation to our key
variables, in Table 5 we can see that firms withDR&xpenditures have a much
higher percentage of exporters than firms witho&DR(33.65% vs 11.85%). In
Table 6 we have a similar conclusion since firmghvaxporting activities have a
relatively higher percentage of firms with R&D expures (3.56%s 0.97%).

Table 5: Descriptive statistics Firmswith R& D vs. Firms without R& D

R&D No R&D
Variables Number of M ean Number of M ean
obser vations/year obser vations/year
R&D 4693 115610 - -
Exports 1579 5 655 397 42 837 1 254 260
Sales 4 693 7 551 878 361 435 825 562
Advertising 3340 120 630 135154 20 140
Productivity 4 343 25413 280 797 18 805
Wage Rate 4 344 12 000 282 029 9194
Age 4692 13 years 361 188 12 years
Foreign 56 - 3264 -
Capital Intensity 4413 1.68 300 346 0.98

Source Own computations based on the Bank of Portugitigplified Business Information (SBI).
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Table 6: Descriptive statistics Firmswith Exportsvs. Firms without Exports

Exports No Exports
Variables Number of Mean Number of Mean
obser vations/year obser vations/year
R&D 1579 202 748 3114 68 605
Exports 44 416 1 395 320 - -
Sales 44 416 4442 166 321712 420 715
Advertising 25878 84 543 112 616 8 267
Productivity 42 083 33210 243 057 16 419
Wage Rate 42 083 13 343 244 290 8 527
Age 44 408 14 years 321473 12 years
Foreign 1290 - 2030 -
Capital Intensity 44 368 1.08 260 391 0.46

Source Own computations based on the Bank of Portugifisplified Business Information (SBI).

Figure 1 shows the evolution of firms’ participaticn export and R&D activities
over the period in study. Firms are categorizethefollowing way: no participation
in both exports and R&D; participation in exportiaties, participation in R&D

activities, and participation in both activities.

In the first part of the dataset the percentagdsmoé that engage in R&D, in exports
and in both activities have a somewhat similar ewoh, with an increase in the
respective weights between 2006 and 2009. The aseia@ 2010 may be caused by
the international crisis. In the second part of dagaset, with the new accounting
system, the percentage of firms with R&D activitiessmaller and with a negative
trend, whereas the percentage of firms with jugioeix activities increase up to

13.44% in 2012.

eeseee NOExports NOR&D e= a= Only Exports eseses OnlyR&D == e= Exportsand R&D
100% 1,40%
80% - ®0ceccsccscccccccccssee 1120%_ ..."'...
1,00% - oot .
60% - 0,80% A
40% - 0,60% 1 - TN .,
0,40% - N e
20% A 0,20% - - -
s e» o> s e o> o ’
0% . . . . 0,00% T T T .
2004 2006 2008 2010 2012 2014 2004 2006 2008 2010 2012 2014

Figure1: Export and R& D Activities
Source Own computations based on the Bank of Portugitigplified Business Information (SBI).

In this figure we cannot see a positive relatiopshetween exporting and R&D
activities. However, this figure does not show iheividual dynamics of the firms
and we do not know whether it is the same groufirofs that implement R&D

investments and/or compete in export markets. Heweeconstruct Table 5 that
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shows the joint dynamics of these two investmestsitens and highlights that they
the same firms or whether we have a large percentdgnew firms in these

activities.

Table 7 provides preliminary evidence on the dymranoif the two-way relationship
between export and R&D activities. This informatisrabout year-to-year transition
probabilities over the period 2006-2012. The twghhights of this analysis are:
firstly, these activities are persistent, in pardidc the export activity is highly
persistent. The probability of being an exporterisxmore than 72 percentage points
higher for exports than for non-exporterd-at More specifically, it is 64% (68.38-
4.03) for non R&D performers and 85% (85.77-5.@®)R&D performers. For R&D
activity the persistent is not so high but alsesexiFirms that engaged on R&Dtin

1 are more likely (26 percentage points (p.p.alem undertake R&D df compared
to those that do not engaged in R&D; secondly,ethercross-persistence between
R&D and export activityj.e., the probability of engaging in R&D &tis larger for
exporters irt-1 than for non-exporters (18 p.p.) ande versa10 p.p.). So, we have
preliminary evidence that there is cross-dependdms®veen export and R&D

activities and also that past decisions influengeent investment decisions.

Table 7: Transition rates of export and R& D status (per centage probabilities)

Statust-1 Statust
Export R&D Export R&D
No No 4.03% 0.68%
No Yes 5.72% 15.18%
Yes No 68.38% 1.68%
Yes Yes 85.77% 40.22%

Source Own computations based on the Bank of Portugifisplified Business Information (SBI).

Figure 2 shows the distribution of firms by NACEor all the dataset and for sales
we observe that section “G — Wholesale and retailet; repair of motor vehicles and
motorcycles” is the most important category, witlveay large weight comparing
with that of the other activities. Sections “F - rStuction” and “C -
Manufacturing” follows G in the rank. In terms ofxports, section “C -
Manufacturing” dominates, followed by “G — Wholesand retail trade; repair of

motor vehicles and motorcycles”, “F — Constructiaaid “H - Transporting and

3NACE is derived from the FrenciNomenclature Statistique déstivités économiques dans Gommunauté
Européenng (Statistical Classification of Economic Activitiés the European Community).

20



storage”. Finally, regarding firms with R&D expetdks, section C also emerges as
the most important. In this latter case, howevenase balanced distribution exists
among the sections, with section “J - Informatiord &ommunication” being also
very important. In the third position emerges s®ti, which is the most important

section in terms of sales.

The main outcome of this analysis is that firmshwiR&D and exports are not only
different between them, but are also different fribr@ remaining firms included in

the dataset.

I
2546660996 435893535218 869240409439 1.20748E+08 1.00831E+11 2.01533E+11
Sales Exports

1044848 464950835 928856723
R&D

Figure 2: Distribution of firmsin terms of Section of NACE
Source Own computations based on the Bank of Portugitisplified Business Information (SBI).
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4. Empirical results
4.1. Therelationship between Exportsand R& D

In the previous section we found preliminary evickenf cross-dependence and high
persistence in both exports and R&D. In this sectiee undertake econometric
analyses that examine the two-way dynamic relalignbetween exports and R&D
activities. Following the previous methodologicatogedures we implement a
bivariate probit model in order to investigate swurces of the two-way dynamic
relationship. This specification permits the jostimation of the two decisions
taking into account the correlation between thereterms in the export and R&D

equations (Esteve-Pérez and Rodriguez, 2013).

Table 8 presents the estimated coefficients udergdard errors robust to intra-group
(firms) correlation. In this model we include aspkatory variables the lagged
values of R&D, exports, foreign ownership, age,doiaivity, advertising, capital

intensity and size of the firm. We also includeed sf sector and year dummies
variables, which are always jointly significantotigh their estimated coefficients are
not reported. Except for variable capital intensitythe export equation, all the
variables have a significant effect on the expaod &D decisions at 1% level of

statistical significance.

The results of the export equation indicate thamditional on average values of the
rest of variables, firms engaged in R&Dtdl have a 16.6% higher probability of
exporting att than those not engaged in R&D in the previousggerihe results for
the R&D equation also indicate that past exportdassitive and significant effect
on the probability of making R&D 4t this effect is almost the same (15.6%). These
results confirm the cross-persistence between &t R&D and emphasize that
the performance of one activity positively and ¢igantly relates to the
performance of the other. This means that the answeéhe first question of our
study - whether there is a complementarity betwerport and innovation - is

positive.

As expected, in both equations, the lagged depémaeiables (export and R&D) are
positive and highly significant, which means thats{p engagement in export is
associated with a higher probability of current @agygment in export and that also
past engagement in R&D increase the probabilityuofent engagement in R&D.
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Table 8: Exportsand R& D: bivariate probit estimation

Export R&D
Export., 2.061" 0.156"
(0.004) (0.008)
R&D.; 0.166" 1.573"
(0.011) (0.010)
i 0.235" 0.216"
Sizq.,
(0.002) (0.003)
Foreign 0.281" -0.171"
(0.020) (0.032)
Ager, -0.091" 0.046"
(0.002) (0.004)
Productivity.; 0.18%4" 0.096"
(0.002) (0.004)
Advertising., 0.290 0.13%4
(0.043) (0.061)
Capital Intensity; -0.008 0.174
(0.005) (0.006)
Corr (eqi¢,€2it,) 0.075
Wald Chf (p-value) 165.762 (0.000)
Number of Observations 1 491 415

Legend ***, ** and * indicate statistical significancetd, 5 and 10% levels, respectively. The moddLites 18 sector
dummies variables.
Source Own computations based on the Bank of Portugifisplified Business Information (SBI).

The estimated effect of our control variables arthe most of the cases the expected
effect. The size of the firm has a positive andsigant effect on both decisions, to
innovate and to export, which means that largendjrin terms of employees, tend to
present a higher probability of exporting and m&&D in the next period. The
effect of foreign ownership is positively and siggantly related to the decision to
export, which means that the fact of having a fgreowner int-1 increase the
probability of exporting int. However, it has a negative effect on the decisibn
engage in R&D, meaning that national owned comzateads to be more prone to
perform R&D activities. Age has a negative effattboth decisions. This result
reflects that younger firms are more likely to estpand perform R&D than their
older counterparts, which conveys good news for tleewal of Portuguese
businesses. Productivity has a positive effect othlexports and R&D, with the
coefficient associated with exports being approxatyatwice that of R&D, which
means that higher productive firms have more pritiiab of export and engaging
R&D, however these probabilities increase morexipoets activities. This positive
and significant effect of productivity on exporterimborates the self-selection theory
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argument that most efficient firms self-select ipa@t activity, being in line with
results from previous literature (e.g., Awval, 2007, Silveet al, 2013). The impact
of advertising is positive on both activities, pesng also a larger coefficient in
exports (more than twice than that of R&D), whickeans that firms that invest
heavily in advertising enhance the probability ofyaging in exports and also in
R&D, with the probability of exports increasing moFinally, capital intensity fails
to emerge statistically significant in the expoguation but presents a positive
expected effect on R&D. That means that for firm&ortugal past capital intensity
do not influence directly the probability of expgag in the next period, but it does
influence the probability of engaging in R&D actigs. Given that R&D has a
positive influence in the probability of being exfgw then, indirectly, capital
intensity also impacts on the probability of expayt though that impact might

emerge over the medium term rather than in thet $éon.
4.2. Theimpact of Exportsand R& D on Firms Performance

To answer to the second question of investigatiamat is the individual and joint
impact of exports and R&D investment on the ecomrgperformance of companies?
-, we implement a model that includes four exclastwummies for exporting/R&D
activities in order to link them to firms’ growthSpecifically, we run two
specifications one with ‘size’ as a control varelbihd other without ‘size’ (cf. table
9) because the number of firms that simultaneopsifjorms R&D and export is
very small, and are in general larger firms. Insthepecifications the lagged choices
of R&D and exports distinguish three cases: firhmst both exported and innovated
(Export and R&D), firms that only exported (Only foxt), and firms that only made
R&D (Only R&D). The omitted or base case is a fittmat does not do any of these
activities. The Hausman test indicates fixed effecith AR(1) is the most adequate

specification, which is in line with prior works.¢e, Golovko and Valentini, 2011).

Table 9 presents the two specifications with antthovit size as control variable. In
the model (1) with size, only the dummy ‘Only Exggrhas a positive and
significant effect on growth, the other two mainrighles of our study are not
significant. This means that exporterd-ih have higher sales growth inHowever,
the fact that companies do R&D emerges with noisagmt impact on sales growth
in the following period. Similarly, firms that bo#xport and R&D also do not have a
statistically significant impact on sales.
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In this specification the control variables have txpected signs and significance.
Size, productivity, advertising, wage rate and tdpntensity have a positive and
significant effect on growth, reflecting that, #ie rest being constant, on average, a
large, more productive, with high expenditures dweatising, better wages and more
capital intensive tend to be more dynamic in tewhssales. In contrast, foreign
ownership does not emerge statistically significartereas age presents a negative
effect, meaning that younger firms have higher ghow terms of sales. In model (2)
without Size, the three dummies of our main vagal{lOnly Exports’, ‘Only R&D’,
‘Export an R&D’) are positive and significant, whianeans that compared to the
firms that does not export nor are involved in R&Etivities, companies that only
export or only do R&D activities or have the twaiaties simultaneously have a
better performance in terms of sales. Those tmatilsineously export and perform
R&D activities achieve, on average, a stronger ichpa terms of sales growth,
reinforcing the result obtained previously regagdinExport and R&D

complementarity.

Table 9: Performance of Exportsand R& D: AR(1) panel model with Fixed Effects

€)) (2
0.037" 0.061"
Only Export, (0.0086) (0.0086)
0.014 0.024
Only R&Dw (0.014) (0.014)
0.023 0.062"
Export and R&L; (0.019) (0.019)
. 1.2317
Siz8. (0.008) )

Forei 0.037 0.060
9 (0.032) (0.032)
A -2.042" -2.284"
9% (0.014) (0.015)
Productivit 0.323" 0.224”
¥ (0.002) (0.003)
Advertisin 0.628” 0.804”
91 (0.068) (0.069)
0.152" 0.127"
Wage Rate, (0.003) (0.003)
Capital Intensit 0.143" 0.016
P ¥ (0.009) (0.009)
R?(within) 0.13 0.10

F test p-value) 4210.74 (0.000) 3326.94 (0.000)

Number of observations 1072617 1072617

Legend***, ** and * indicate statistical significancetd, 5 and 10% levels, respectively. Models ineld® sector dummies.
Source Own computations based on the Bank of Portugifisplified Business Information (SBI).
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The results above evidence that expper se and coupling export with R&D
activities have a positive and highly significamipiact on firms’ sales growth. Thus,
the answer to our second question (What is thevighgial and joint impact of exports
and R&D investment on the economic performanceoaiganies?) is clear cut: joint
export and R&D produces the highest impact on figrewth, followed by ‘only
export’ and then ‘only R&D’. It is important to motthat although R&Dper se
convey the weakest direct impact on firms’ growtlmdirectly impacts on this latter
via exports - indeed, as we observe in the preveuisection, R&D increases the
likelihood of firms exporting in the next periodf.(d@able 8), which then has a direct

and positive effect on sales growth (cf. Table 9).
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5. Conclusions

This study uses firm-level data from Portugal talgpe the two-way dynamic
relationship between R&D and exporting activitiesl a0 explore the effect of R&D
and exports on firms’ sales growth. Our null hyesis are that R&D and exports
are complementary activities that reinforce eadtmeltand which have a higher

positive effect on sales growth if the two actegtiare take in place simultaneously.

Based on more than 340 thousands firms over the sipan 2006-2012, the results
indicate that there a strong cross-dependenceerfitins’ choices of export and
R&D engagement. Thus, engaging in export activitireseases firms’ chances of
engaging in R&D and engaging in R&D activities ases firms’ chances of
engaging in export, which in turn increases firmisances of succeeding in the other
activity again. Such results suggest that therecaneplementarities between export
and R&D, a result in line with recent works in thiea, most notably those from Ito
and Lechevalier (2010), Golovko and Valentini (201&nd Esteve-Pérez and
Rodriguez (2013).

These results are also consistent with the predistdf the theoretical frameworks
described in Section 3. The findings provide suppar the hypothesis that more
productive firms self-select into exporting actie# and also provide support for the
learning-by-exporting hypothesis, which defendg thr@vious export participation
enhances investment in R&D due to the fact thagelarexport market provides

higher returns to R&D.

Finally, the findings are also consistent with ttegnitive approach that considers
exporting and R&D activities as potential and coenpéntary channels for
knowledge acquisition (Esteve-Pérez and RodrigR@t3). These results are fairly
robust given that the bivariate probit model take® account the correlation
between error terms in the two participation edqureti(Esteve-Pérez and Rodriguez,
2013).

Also the hypothesis of complementarity of the tvabivaties in terms of impact in
sales growth is verified in our study and this fegiin line with previews works
namely Filatochev and Piesse (2009) and Golovko Wabkntini (2011). The
hypothesis of complementarity of the two activit{egport and R&D) in terms of
impact in sales growth means that compared toitims that does not export nor are
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involved in R&D activities, companies that exporidado R&D have a better
performance in terms of sales this conclusion ceod the result obtained previously

regarding Export and R&D complementarity.

Although the results obtained are robust — the oukilogy undertaken — fixed
effects with AR(1) — and the large sample usedpempassing more than 1 million
observations — it is important to highlight soméfgbis or limitations. First, and
although Golovko and Valentini (2011) argue, theclesive use of dummies
variables for describing R&D and exports activitiess the good property of not
imposing any specific functional form in the growdygression, amore fine-grained
data on R&D and export (e.g., export and R&D inigfiscould be profitably
exploited. Second, due to unavailability of data @o not control for where the
export activity is directed to, assuming that exporay be equally beneficial
regardless the export market. Salomon (2006) shioatghere is important benefits,
in terms of incoming knowledge spillovers, when @ximg to developed foreign
markets. Thus, firms that export to more developedkets would present a stronger
complementarity relationship between export and R&Eblovko and Valentini,
2011). Third, we work with data from one single coy. In this vein, we cannot
assess the effect of differences in institutiohagncial and governance regimes and
test whether those factors could matter for thie between firms’ strategic choices
and growth (Sapienz al, 2006).

Despite the limitations, our results are in linethwprevious studies for other
countries such as Spain (e.g. Golovko and Valenf#iill and Esteve-Pérez and
Rodriguez, 2013), Twain (Aw et al., 2011), Irelaf@irma et al, 2008), and

(partially) for Slovenia (Damijaret al, 2010). In this latter case, Damijat al.

(2010) found evidence of the learning by exportiygothesis for medium and large
Slovenian firms i.e. positive effect of exports &&D, but failed to observe a
positive impact of R&D on exports. It is apparemrefore that our results might be
extrapolated for countries with similar charactgess as Portugal, that is, a small,

peripheral and open country.

Our results have some important implications fon§ management and for policy
makers. Managers should withdraw from our studyt edthough both activities
(export and R&D) include high costs and risks, getonsidered often as substitute
activities, insofar as they compete for finite ne@®es that companies have (Roper
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and Love, 2002), they should not ignore the poaéntif carrying out the two
activities simultaneously. Indeed, as we have detnated, performing both
activities simultaneously generates more bendias tadopting the two activities in
isolation, suggesting that there is a positiveratBon between them. However, as
referred Golovko and Valentini (2011), the facttthihere is complementarity
between the two activities is not to say that soamplementarity exists for every
firm since it is assumed that this positive relasioip depends on a large number of

factors besides those included in the analyses.

The second main result from our study — carryingtbe two activities (exports and
R&D) generates synergies that positively affecesgrowth — yield important policy
implications. Specifically, innovation and exportomotion policies should be
articulated and carried out together, demandirgra flevelopment of both activities
rather than trying to implement separate polic@selach activity, as it is often the
case given that such activities are usually desigme different and non-related
government offices. For Esteve-Pérez and Rodri(R@&¥3), these policies should be
considered as part of a more comprehensive pofibgrcing firms’ market strength
that requires combining initiatives in order tobotéduce sunk start-up costs in these
activities and also enhance firms’ absorptive tetbgical capabilities in order to
fully achieve the complementarities between expaisl R&D. In peripheral
countries such as Portugal, where firms do not heasy access to financing for
supporting export and R&D activities, it is essahtd device proper policy measures
that assure that the given set of selected firneesses to funds for simultaneously
develop these activities.

29



References

Acs, Z., & Audretsch, D. (1987). Innovation, marlgttucture and firm sizelhe
Review of Economics and Statisti69(4): 567-574.

Alvarez, R., & Robertson, R. (2004). Exposure teeign markets and plant-level
innovation: Evidence from Chile and Mexiciournal of International Trade

and Economic Developmerit3 (1): 57-87.

Aw, B.Y., Chen, X., & Roberts, M.J. (2001). Firm#d evidence on productivity
differentials and turnover in Taiwanese manufaori Journal of
Development Economic86(1): 51-86.

Aw, B.Y., Roberts, M.J., & Winston, T. (2007). Exp® market participation,
investments in R&D and worker training, and evaatiof firm productivity.
The World Economys0: 83-104.

Aw, B.Y., Roberts, M.J., & Xu, D.Y. (2011). R&D imstments, exporting, and
productivity dynamicsAmerican Economic Review01: 1312-1344.

Basile, R. (2001). Export behaviour of Italian miwturing firms over the nineties:
The role of innovationResearch Poligy30(8): 1185-1201.

Bernard, A.B., & Jensen, J. B. (1999). Exceptiomgborter performance: Cause,
effect, or both"Journal of International Economicd7: 1-25.

Bleaney, M., & Wakelin, K. (2002). Efficiency, inmation and exportsOxford
Bulletin of Economics & Statistic64(1): 3-15.

Braymen, C., Briggs, K., & Boulware, J. (2011). R&nd the export decision of
new firms.Southern Economic Journai8(1): 191-210.

Bughin, J. (1996). Capacity constraints and expwetformance: Theory and
evidence from Belgian manufacturinghe Journal of Industrial Economics
44(2):187-204.

Caldera, A. (2010). Innovation and exporting: ewcefrom Spanish manufacturing
firms. Review of World Economic$46(4): 657-689.

Cassiman, B., & Veugelers, R. (2006). In searclearhplementarity in innovation
strategy: Internal R&D, cooperation in R&D and ertd knowledge

acquisition Management SciencB2 (1): 68-82.

30



Cassiman, B., & Martinez-Ros, E. (2007). Produnbiration and Exports: Evidence
from Spanish Manufacturing, IESE Business Schodl@BPR, pp. 1-37.

Cassiman, B., Golovko, E., & Martinez-Ros, E. (201@novation, Exports and

Productivity.International Journal of Industrial Organizatio28(4): 372-376.

Cassiman, B., & Golovko, E. (2011). Innovation dntkrnationalization through

Exports.Journal of International Business Studid2(1): 56-75.

Cho, H., & Pucik, V. (2005). Relationship betweenavativeness, quality, growth,
profitability, and market valueStrategic Management Journa26(6): 555-
575.

Cohen, W. M., & Levinthal, D. (1989). Innovationcalearning: Two faces of R&D.
Economic Journal99: 569-596.

Damijan, J.P., Kostevc, C., & Polanec, S. (2010pntInnovation to Exporting or
Vice Versa?World Economy33(3): 374-398.

Ericson, R. & Pakes, A. (1995). Markov-perfect iatty dynamics: a framework for
empirical work,Review of Economic Studjeé2: 53-82.

Esteve-Perez, S., & Rodriguez, D. (2013). The Dynarof Exports and R&D in
SMEs.Small Business Economja@kl(1): 219-240.

Ganotakis, P., & Love, J.H. (2011). R&D, Produchdmation, and Exporting:
Evidence from UK New Technology Based Firnmdxford Economic Papers
63(2): 279-306.

Geroski, P., Machin, S., & Van Reenen, J. (1993 profitability of innovating
firms. Rand Journal of Economic24(2): 198-211.

Girma, S., Gorg, H., & Hanley, A. (2008). R&D anagoérting: A Comparison of
British and Irish Firms.Review of World Economics/ Weltwirtschaftliches
Archiv, 144(4). 750-773.

Goldberg, P.K., & Knetter, M.M. (1997). Goods psecand exchange rates: What
have we learnedPournal of Economic Literature85(3): 1243-1272.

Golovko, E., & Valentini, G. (2011). Exploring theomplementarity between
innovation and export for SMEs' growtBournal of International Business
Studies42(3): 362-380.

31



Griffith, R., Huergo, E., Mairesse, J., & PeeteB, (2006). Innovation and
productivity across four European countri€3xford Review of Economic
Policy, 22(4): 483-498.

Greenhalgh, C. (1990). Innovation and Trade Perdoice in the United Kingdom.
Economic Journal 00 (1): 105-118.

Greenhalgh, C., & Taylor, P. (1994). Innovation &hgport Volumes and Prices: A
Disaggregated Stud@xford Economic Pape#6 (1): 102—-124.

Griliches, Z. (1979). Issues in assessing the tmriton of R&D to productivity
growth,Bell Journal of Economic¢d0: 92-116.

Griliches, Z. (1980). R&D and the productivity sldewn, American Economic
Review 70(2): 343-348.

Grossman, G., & Helpman, E. (1995). “Technology tnade”, in: G.M. Grossman
& K. Rogoff (ed.),Handbook of International Economjasdition 1, volume 3,
chapter 25, pages 1279-1337 Elsevier.

Harris, R., & Li, Q. (2011). Participation in Expdviarkets and the Role of R&D:
Establishment-Level Evidence from the UK Commuritynovation Survey
2005.Applied EconomicsA3(22-24): 3007-3020.

Hobday, M. (1995). East Asia Latecomer Firms: Lesgnthe Technology of
ElectronicsWorld Developmeri23 (7): 1171-1193.

lacovone, L., & Javorcik, B. (2012). Getting reagyeparation for exporting. CEPR
Discussion Paper No. 8926.

Krugman, P. (1979). A Model of Innovation, Techrgolransfer and the World
Distribution of IncomeJournal of Political Economy87 (2): 253—-266.

Lachenmaier, S. & Woessmann, L. (2006). Does IntiowvaCause Exports?
Evidence from Exogenous Innovation Impulses andt&bss Using German
MicroData.Oxford Economic Paper$8(2): 317-350

Marfez, J.A., Rochina-Barrachina, M.E., & Sanchigpi$, J.A. (2013). The dynamic
linkages among exports, R&D and productivity, Warki Papers 1308,

Department of Applied Economics II, Universidad\tiencia.

32



McGuiness, N., & Little, B. (1981). The influencé mroduct characteristics on the
export performance of new industrial producthie Journal of Marketing
45(2): 110-122.

Roberts, M.J., & Tybout, J.R. (1999). An empiricabdel of sunk cost and the
decision to export, World Bank Policy Research VifggkPaper no. 1436

Romer, P. (1990). Endogenous technological chaimanal of Political Economy
98(5): 71-102.

Roper, S., & Love, J. H. (2002). Innovation and axerformance: Evidence from
the UK and German manufacturing plafesearch Policy31(7): 1087-1102.

Salomon, R. (2006). Spillover to foreign markettiggvants: Assessing the impact of
export strategies on innovative productiviBtrategic Organizatiord(2): 135-
164.

Salomon, R., & Shaver, J. (2005a). Export and dtmesales: Their
interrelationship and determinan&trategic Management Journ&6(9): 855-
871.

Salomon, R., & Shaver, J. (2005b). Learning-by-E#pg: New Insights from
Examining Firm InnovationJournal of Economics and Management Strategy,
14 (2): 431-461.

Sapienza, H.J., Autio, E., George, G., & Zahra, .S(A006). A capabilities
perspective on the effects of early internatiorsdion on firm survival and
growth.Academy of Management Journal(4): 914-933.

Shaver, J.M. (2011). The benefits of geographiessdiversification: How exporting
facilitates capital investmen&trategic Management Journa882 (10): 1046—
1060.

Shrader, R.C., Oviatt, B.M., & McDougall, P.P. (B)OHow new ventures exploit
trade-offs among international risk factors: Lesscdior the accelerated
internationalization of the 21century. Academy of Management Journal
43(6): 1227-1247.

Silva, A., Afonso, O., & Africano, A. (2013). Lasnpresas mas productivas se

autoseleccionan para exportar? Aplicacion de unebar para el caso de

33



Portugal. (Do the Most Productive Firms Become Etgye? Application of a
Test for the Case of Portugdivestigacion Economi¢c&2(283), 135-161.

Vernon, R. (1966). International Investment anckinational Trade in the Product
Cycle.Quarterly Journal of Economid2 (2): 190-207.

Teece, D.J. (1986). Profiting from technologicahamation: Implications for
integration, collaboration, licensing and publidipp Research Policyl5(6):
285-305.

Wakelin, K. (1998). Innovation and Export Behaviairthe Firm LevelResearch
Policy, 26(7-8): 829-841.

34



