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Chapter 1 

Introduction 

Exporting activity and economic growth are doubtless related as has been recognized in the 

economic literature for many years (e.g., Keesing, 1967); however, the patterns of causation 

between both phenomena are still not clear. On one hand, the export-led growth literature 

(e.g., Balassa, 1978) predicts that exports create an increase in country’s productivity and 

consequently in output. On the other hand, some scholars claim that the direction of causality 

runs from economic growth to export (e.g., Kaldor, 1967). Several arguments have been put 

forward over the years in favour of each of the approaches, but empirical evidence is not 

conclusive. Giles and Williams (2000) review more than one hundred and fifty empirical 

papers, using either cross-section or time-series data, and do not reach any definitive 

conclusion about the direction of causality. Nevertheless, those studies have a focus on 

macroeconomic data. In turn, the main motivation of this thesis is to study those issues at 

firm-level data. 

The idea that exporting firms may benefit from their foreign buyers’ technical expertise, 

or from other foreign contacts, were addressed in the literature for the first time in the mid-

eighties with Rhee et al. (1984) and Westphal et al. (1984). The basis for these firm level 

studies came from the knowledge of particular cases of successful links between country-level 

exports and economic growth in some Asian countries, in the 60s. López (2005) reports other 

case-studies where one can observe, empirically, the role of foreign customers in the expertise 

and technological-knowledge improvements in firms, conducted by their exports. That role 

includes, among others, help with factory layout, assembly machinery, engineering back-up, 

or assistance to ensure quality. 

In a complementary perspective, Bernard and Jensen (1995) and Aw and Hwang (1995) 

presented the first studies on firm-level characteristics and their connections with exports, 

relying on large firm-level datasets. These studies confirmed that export-oriented firms had 

higher productivity levels than domestic-oriented firms. Yet they could not distinguish 

between the alternative hypotheses, namely whether the productivity differences were: (i) the 

result of exporting activities, learning-by-exporting (LBE); or (ii) the cause for exporting, 

self-selection to exports (SS). Therefore, what seemed clear at the case-study level became a 

mixed situation when using firms´ datasets. In the following years, multiple studies (e.g., 

Wagner, 2007) tried to confirm both hypotheses, LBE and SS. In addition, empirical studies 
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evolved from the study of static trade effects on productivity levels to dynamic trade effects 

on productivity growth, at the firm level and also at sectoral levels (e.g., Eliasson et al., 2009). 

The proposition that some firms, with higher productivity, self-select into exports has been 

confirmed on most studies based on datasets research (e.g., Wagner, 2007). In contrast, those 

studies have produced less conclusive evidence to support the LBE proposition. 

At the theoretical level, the SS hypothesis is based on the existence of fixed costs 

associated with foreign market entry (e.g, Baldwin and Krugman, 1989), but there is less 

theoretical backing behind LBE. One reason for this handicap is that in models of trade with 

firm heterogeneity, productivity has been most often assumed to be exogenous to the firm 

(e.g., Bernard et al., 2003; Melitz, 2003; Melitz and Ottaviano, 2008), which is in stark 

contrast with the idea of learning in the export markets. LBE is thus often taken as a black-

box function with no explicit and predominant learning mechanism behind the productivity 

growth; moreover, some authors (e.g., Maggioni, 2009) argue that the missing evidence on 

LBE may be due to the fact that such specific learning mechanisms are rarely controlled for in 

empirical work. Nevertheless, recent literature (e.g., Maggioni, 2009) has been able to 

identify several alternative channels through which LBE may act, namely because at one hand, 

exporting affects firm’s ability to innovate products and processes (e.g., Criscuolo et al., 

2005), at the other hand, large and more competitive exporting markets may force exporters to 

become more efficient in a competition effect (e.g., Serti and Tomasi, 2008a). 

In a more recent contribution, some authors (e.g., Kasahara and Lapham, 2008) have 

studied the “learning-by-importing” (LBI) argument - whereby firms learn to improve their 

productivity through their imports - and the connections between LBE and LBI. This is one of 

the most important issues in discussion in this literature, specifically how import policy of 

intermediate goods can affect exports. 

This thesis proposes a contribution to the theme of the causality nexus between 

international trade and economic performance, at the firm level. This contribution is mainly 

developed through an empirical analysis based on Portuguese data and aiming to uncover 

sectoral and time specificities for the period 1996-2003. We propose to conceptually study the 

causal relationship between firms’ international trade activity and their economic performance. 

In addition, by using three Portuguese datasets, we aim to test empirically the global 

engagement hypothesis, the SS hypothesis and the LBE hypothesis. 

After this introductory chapter, the thesis comprises five additional chapters/essays that 

have in common the relationship between international trade and firm performance. 
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In the second chapter we revise the literature studying the pleas that exporting firms 

learn to be more efficient as they have contact with some informational flows coming from 

their foreign buyers or competitors. Given the strong connections between SS and LBE 

hypothesis, we begin by a conceptual tour, discussing connected ideas and definitions. Then, 

we analyse multiple studies that arose recently on these subjects and collect some common 

facts but also several uncertainties on this matter. We notice that there is a clear agreement 

that LBE should be measured directly using firms’ innovative performance, but the majority 

of works used an indirect approach by productivity measures. Thus, several methodologies 

have been employed in the search for the most appropriated way of LBE assessment, but no 

final settlement is still reached. Besides, there is also an uppermost acquaintance that the 

methodologies used create an average underestimation of LBE, difficulting a clear vision of 

this phenomenon. We also review the most recent links that have been established between 

LBE literature and other theoretical issues (e.g., imports influence on LBE). 

In the third chapter, we test the Global Engagement hypothesis that firms more globally 

engaged – either multinationals or exporters – are more innovative. The test is applied to 4815 

Portuguese firms’ data for the period 2002-2004 through the use of the fourth Portuguese 

Community Innovation Survey (CIS). We estimated several Knowledge Production Functions 

(KPF), which assume that knowledge outputs result from the combination of some knowledge 

inputs with the flow of ideas coming from existing stock of knowledge. We found that more 

internationally exposed firms create more knowledge output, than their domestic counterparts. 

This is because more globalized firms use more inputs and have the opportunity to use a 

larger stock of available knowledge. Notwithstanding, we also conclude that the observed 

superiority of more internationally exposed firms is also the result of their globalized nature, 

not directly connected with knowledge inputs or information flows. 

The fourth chapter is a short one and derives from the third as it explores the application 

of CIS data along with the KPF methodology to the particular contribution of Human 

Resource variables to the innovation capacity of Portuguese firms, although always relating it 

with their internationalization status. A branch of the innovation literature states that the 

ability of firms to innovate relies on an innovative capacity, which, in turn, depends on 

several factors, both internal and external to enterprises. In this line, we have studied the role 

of some Human Resources variables and found significant the role of personnel training for 

the innovative ability of Portuguese firms. Moreover, we also found that the lack of qualified 

personnel hinged critically more innovative performance of firms. 
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In the fifth chapter, we stress and support recent theories of international trade with 

heterogeneous firms, in opposition to the traditional theories founded in comparative 

advantage of countries. We exploit a dataset that combines data on Portuguese firms’ 

economic and financial performance with data on their exporting and importing activity and 

present a picture of firms that make trade for the period 1996-2003. In line with both 

theoretical arguments and some empirical recent studies, we confirm that trade is highly 

concentrated in a small bunch of firms and also that firms with superior international-

involvement levels have higher performances in terms of productivity, sales, profits or capital 

intensity. We also noticed that firms which export and import are the best performers of all. 

Moreover, geographical and sectoral diversification of exports and imports is in general 

positively correlated with firms´ economic performance. Regarding market differentiation, we 

uncover that exporters that sell only to European countries seem to be the least efficient, 

suggesting that firms self-select to markets in which the productivity level is lower than their 

own. In turn, importers from European countries reveal higher performances in line with the 

fact that they import from there mainly high-tech capital products. Altogether, this 

essay/chapter proves that studies of LBE for Portuguese firms must be aware of the features 

of destination countries and of markets of origins. 

The sixth chapter using the same longitudinal database tries to shed light on the causal 

nexus between international trade engagement and productivity for Portuguese manufacturing 

firms. In this line, we found evidence for both SS into exports and LBE. To test LBE, in line 

with recent empirical literature (e.g., Serti and Tomasi, 2008a), we apply mainly the 

Propensity Score Matching and a differences-in-differences estimator. In post-entry years, we 

find a higher growth of labour productivity and total factor productivity for new exporting 

firms when compared to firms that, although having similar characteristics, have decided not 

to begin exporting in that year. We also found that learning effects are higher for: (i) new 

exporters that are also importers or start importing at the same time, (ii) firms that achieve a 

certain threshold of export intensity and (iii) particularly for those firms that belong to sectors 

in which Portugal is at a comparative disadvantage. 
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Chapter 2 

Learning-by-exporting: what we know and what we would 

like to know* 

 

 

 

 

 

Abstract: This chapter revises the hypothesis that exporting firms learn to be more innovative and 

efficient as they have contact with certain information flows from their foreign activity (e.g., from 

buyers, suppliers or competitors). The essay begins by exploring the connections between two distinct 

concepts: Self-Selection (of more efficient firms into exports) and Learning-by-Exporting. The study 

then proceeds with a comparative analysis of the most recent literature and presents common facts 

and evidence, as well as key issues still open to debate. Learning-by-Exporting should be measured 

directly using firms´ innovative performance. However, given the lack of suitable data on firms’ 

innovative activities most studies have followed an indirect approach, using productivity measures. 

Several methodologies have been employed to estimate Total Factor Productivity and to test the 

Learning-by-Exporting hypothesis, but so far no final consensus has been reached on the best way to 

do it.  

Keywords: Learning-by-exporting; self selection; total factor productivity. 

JEL classification: F10, F14, F20, O47. 

 

 

 

                                                 
* The results in this chapter have been published in a working paper (Silva et al., 2010a).  
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2.1. Introduction 

Productivity is crucial to determining living standards and thus anything that changes 

productivity levels or their growth rate is decisive. Moreover, for most countries foreign 

sources of technological knowledge are of paramount importance in accounting for 

productivity growth. The diffusion of international technological-knowledge expertise and 

consequent learning by firms justifies the interest of researchers and policy makers. 

At the macro level, the links between growth and trade, especially the positive 

connection between exports and growth (export-led growth), seems to be well established and 

consolidated. At the micro level, studies and data availability are both much more recent and, 

in spite of extensive literature produced over recent years (especially in the empirical domain), 

the links between exports and firms’ productivity growth are not fully understood. 

Despite widespread agreement that only the most productive firms can overcome the 

sunk costs of initiating exports (the Self-Selection –SS- hypothesis) there is much discussion 

over the possibility that exports may also enhance productivity (the Learning-by-Exporting –

LBE- hypothesis). Although not mutually exclusive, the former concept means that “more 

efficient firms become exporters” while the latter concept holds that “exporters become more 

efficient firms than non-exporters”. Beyond these one-sided explanations some authors have 

presented an integrated explanation for the correlation between exports and productivity. 

They argue that both the export entry and the associated increase in productivity are the result 

of the management’s previous and conscious decision to enter foreign markets, and of the 

need to increase efficiency thereafter – “conscious self-selection” using the words of Alvarez 

and López (2005). They consider that when firms decide to focus on foreign markets they 

anticipate investments that will allow them to compete in that context (thus causing a 

concurrent path of wider foreign exposure and productivity growth) instead of assuming that 

those investments are exogenously decided. 

The importance of the LBE effect is more than an academic issue. Indeed, if LBE really 

exists then governmental aid for the internationalization of firms should be clearly justified by 

productivity advances in those firms, and eventually in others benefiting from possible 

positive externalities of exporters. The empirical literature on this subject reveals some 

controversy surrounding the existence of LBE effects, with contrasting results between case 

studies that confirm LBE and several empirical works that suggest otherwise. In this line, this 

essay has three main goals: i) to clarify the meaning of LBE and its links with similar 

concepts; ii) to understand the connections between the ways in which it has been tested by 
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empirical studies and the results obtained, namely why there is so much variability in 

conclusions; iii) to identify work that needs to be done to get an adequate and full 

understanding of the LBE. 

The rest of the essay proceeds as follows. Section 2 analyses conceptual issues, Section 

3 reports empirical results and their main contributions and handicaps. Section 4 discusses 

LBE in a broader framework and the links between trade and productivity at firm level. 

Finally, there are some concluding remarks in section 5. 

 

2.2. Conceptual issues 

2.2.1. Learning-by-exporting: origins of the concept 

The idea that exporting firms may benefit from their foreign buyers’ technical and managerial 

expertise or the expertise of other foreign contacts (e.g., competitors, suppliers or scientific 

agents) began to be discussed and studied (empirically and theoretically) in the mid-80s with 

Rhee et al. (1984), Westphal et al. (1984) and in the 90s with Grossman and Helpman (1991) 

and the World Bank (1993). The motivation for these works arose from the study of 

successful links between country-level exports and economic growth in Asian countries in the 

60s and 70s. 

LBE at firm level has been researched using two different but complementary 

approaches: in the case study approach, firms are questioned about the sources of 

technological knowledge improvements, and more recently, large firm-level data sets are used 

to test the importance of exports on productivity improvements. 

Case studies seem to be decisive to the understanding of the core concept of LBE. Rhee 

et al. (1984) surveyed 112 Korean exporting firms and noticed that 40% of them claimed to 

have learned from their foreign buyers. That learning materialised in improved techniques of 

quality control and production, and was the result of interactions involving personal contacts, 

blueprints and specifications: “The important thing about foreign buyers (…) is that they do 

much more than buy and specify. The same is true (…) of foreign suppliers. Foreign buyers 

and suppliers provide access to information about what product styles are wanted and about 

how to make products of a desired style. They come in, too, with models and patterns for 

Korean engineers to follow, and they even go out to the production line to teach workers how 

to do things” (Rhee et al., 1984, p. 41). 

Along the same line, Evenson and Westphal (1995) argued that it was the foreign 

buyers’ desire to buy products with more quality and lower prices that clearly generated an 



8 
 

incentive for producers (exporters) to become more efficient: “(…) a good deal of the 

information needed to enhance basic capabilities has come from the buyers of the exports who 

freely provided product designs and offered technical assistance to improve process 

technology (…) some part of the efficiency of export-led development must therefore be 

attributed to externalities derived from exporting” (Evenson and Westphal, 1995, p. 2264). 

The effect of foreign buyers improving their suppliers technical performance is also 

well documented in Keesing and Lall (1992); they report for five Asian firms (in the period 

1979-1980) that foreign buyers often established offices in exporting countries in order to 

more efficiently advise local firms on new technologies, quality control or design changes. In 

another example, Egan and Mody (1992) studied U.S. imports of bicycles and footwear from 

East Asian countries in the mid-eighties and found that the links between developed country 

buyers and developing country suppliers acted as a channel for information about marketing 

and production technology and provided access to larger industry networks. 

López (2005) reports other case studies where one can empirically observe the role of 

foreign customers in firms’ improvements in expertise and technological-knowledge led by 

their exports. That role may include, among others, help with factory layout, assembly 

machinery, engineering support or assistance to ensure quality. 

Grossman and Helpman (1991) developed a theoretical model in which intangible ideas 

spillover through the exchange of tangible commodities. Trade opens up firms to the 

knowledge held by their trading partners and allows it to be incorporated into domestic 

production, enabling higher productivity and production growth. They present LBE as an 

(positive) effect on local knowledge stock, derived from the extent of contacts between 

domestic agents and their counterparts in the international research and business communities. 

The number of such contacts increases with the commercial exchange level and this is how 

the connection between efficiency improvements and exports is established. The same idea 

underlying LBE is that “exporting activities enable firms to increase their efficiency since 

they obtain access to new technology and technical assistance” (Chongvilaivan, 2008, p. 3). 

Also Salomon (2006, p. 56) argues that exporting firms become privy to technological 

discoveries made in foreign locations and “as such, the firm may gain some technological 

insight and use this knowledge to improve its product or process”. 

As an example of the implementation of these ideas, Utar (2009) tests successfully for 

Chilean firm-level data, that exporting firms may benefit from higher opportunities to access 

and absorb foreign technology and information obtained in the international technical and 

professional services markets. From his perspective LBE can result from an intentional effort 
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to properly use and develop technological abilities enhanced by foreign contacts with 

technical and professional services. 

From a historical perspective, Bernard and Jensen (1995) and Aw and Hwang (1995) 

presented the first studies on LBE based on large firm-level datasets. Although they 

recognised that export-oriented firms had higher productivity levels, they could not 

distinguish empirically between two alternative hypotheses: whether productivity differences 

were the result or the cause of export activity. What was clear and solid at case-study level 

became confused at large firm panel data sets. In the following years most studies tried to 

distinguish between LBE and SS. In addition, studies evolved from studying static trade 

effects on productivity levels to the dynamic trade effects on productivity growth at the firm 

level and also at sectoral and macro levels. 

 

2.2.2. Connections with similar concepts  

LBE assumes that exporting can induce within-firm improvements in several variables. Those 

benefits are not static as they refer to the innovative advances, organizational efficiency or 

communication competencies over time. However, not all exporting effects refer to LBE, for 

example the static gains from scale effects; additionally, exporting may also generate 

spillovers to other firms beyond the exporting ones. Thus, several related concepts require 

some clarification. 

 

2.2.2.1. Learning-by-doing 

The concept of LBE has high similarity with the idea of Learning-by-Doing (LBD) of Arrow 

(1962). LBD occurs when workers and managers gain experience in solving technical or 

organisational problems. As the knowledge gap begins to shorten, LBD is subjected to 

diminishing returns. Applying Arrow’s LBD to “learning-by-doing-exports” is justified 

because firms breaking into export markets must learn as they face more demanding foreign 

consumers, higher quality standards and more demanding timing orders. Hence, young plants 

are much more likely to face new technical and organisational problems and then are much 

more able to benefit from the experience of beginning to export. 

Fernandes and Isgut (2005) found strong evidence of this logic among Colombian firms. 

They noticed that young firms that entered the export markets observed Total Factor 

Productivity (TFP) growth rates 3% to 4% higher than those in young plants that never export. 

They also concluded that firms already having the ability to succeed in export markets and 
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which were export-experienced are unlikely to learn from exports, in contrast with firms 

poorly involved with exporting, which had a lot to learn if they wanted to achieve success. 

 

2.2.2.2. Increases in capacity utilisation 

During the initial exporting period a firm reveals higher productivity growth than non-

exporting firms, and this event can be connected with an initial one-time scale effect induced 

by access to larger product markets. Kostevc (2005) found that in Slovenian firms there is 

only increased productivity growth in the entry year of exporting. This is different from LBE, 

where productivity growth would be permanent and often not even observed in the first year. 

He admits that, given the larger markets generated by exports, firms could diminish 

their average production cost and then increase their value added compared to non-exporting 

firms. Moreover, he considers that exporting firms could benefit from spare capacity, which 

would not reflect any learning process. He clearly points out that difference by stating (p.30) 

“the effect of the productivity hike diminishes quickly as firms proceed to increase their size 

to accommodate the increased sales. The observed productivity improvements are hence 

primarily a reflection of the growth in inputs”. 

Other studies have also found increases in capacity utilization: Alvarez and López 

(2005) found short-run productivity gains for plants entering foreign markets, but they did not 

make a clear distinction between LBE and scale effects. They argue that the initial 

productivity gains for exporters could also derive from differences in product mix between 

exporters and non-exporters, or from different mark-ups in domestic and in international 

markets. Tekin (2007) in a study for Chilean plants finds a hike in productivity only in the 

entry exporting year, while the productivity growth of entrants is no higher in the next years. 

Similarly, Pisu (2008) argues that “true” LBE does not reveal itself at once, and its 

effects should take some time before they are detected since managerial improvements, 

innovations and adoption of new technologies cannot cause immediate effects in productivity. 

He also states that LBE effects could never last only one period (year) as scale effects do. 

However, he observes that researchers use only annual data and then are unaware of the exact 

time (day or month) a firm started to export in a given year, disabling further detail work. 

 

2.2.2.3. Productivity spillovers of exports 

Productivity Spillovers by Exporting (PSE) or “demonstration effects” are the effects that 

exporting firms generate on other domestic and/or exporting firms’ sales or productivity. PSE 

can arise due to the accumulated knowledge on technology, foreign markets and marketing 
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that internationalized firms possess. This could be used by other firms to increase their 

productivity.1 PSE could also be negative or have mixed effects, since an increase in the new 

exporters’ demand for labour or other specialised input can generate an increase in input 

prices or even a shortage of it – Karpaty and Kneller (2005) call it “congestion effects”. 

In discussing the effects of exporting firms on the economy, the PSE is more relevant 

than the LBE issue. Indeed, the existence of PSE may justify public export promotion, while 

LBE may not. PSE materialises as a positive externality from investment on external sales, 

labour training or improving goods for foreign markets. These actions can be imitated by 

other firms (the so-called “demonstration effects”) without supporting the same costs. 

The literature on PSE is highly limited owing to the lack of direct data on individual 

transactions between an exporter and its customers or suppliers. Moreover, to test the capacity 

of some exporting firms to increase other firms’ performance, one must account for the 

existence of sunk costs to entry in foreign markets, and only high PSE levels could overcome 

those costs and be observable. Alvarez and López (2008), in an empirical study of PSE on 

domestic owned enterprises, found evidence of positive productivity spillovers from exporters 

to their suppliers. They also noticed that higher exporting activity in a sector increased the 

productivity of the other plants in the sector. They also found that exporters’ ability to create 

spillovers to other firms was not much different between domestic-owned exporting firms and 

foreign-owned exporting firms. Greenaway and Kneller (2008) also found evidence of PSE 

for the UK firms that have neighbour exporters or are located in high-export intensity regions. 

 

2.2.2.4. Learning-to-export 

Alvarez and López (2005) define LBE as the productivity change in firms after they begin to 

export, distinguishing it from “learning to export” or “conscious self-selection to export”. The 

latter concept represented gains in efficiency after the decision of becoming an exporter was 

taken but before exports really begin. They argue that firms may consciously adopt measures 

to increase productivity and to overcome the higher entry costs of foreign markets. They also 

acknowledge that future exporters contact (or are contacted by) future foreign buyers to plan 

business. Iacovone and Javorcik (2007) also present evidence of a conscious preparation by 

future exporters, namely with investments that enhance or upgrade product quality. 

                                                 
1 As Alvarez and López (2008) state, this transmission is costless and justifies the idea that investing in new 
markets, developing new products or training the labour force for international markets may have costs that are 
lower than the socially optimal level. 
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To analyse the relationship between performance and internationalization, the problem 

of identifying whether SS or LBE is the engine at work becomes crucial. Although the two 

mechanisms are not mutually exclusive and are even likely to coexist, for policy purposes it is 

essential to distinguish the causality direction and the weight of each effect. 

 

2.2.2.5. Learning to innovate (by exporting) 

The LBE hypothesis has been difficult to prove empirically. Indeed, international market 

informational flows obtained in contact with foreign economic agents may more probably 

result in additional ability of domestic firms to innovate (mainly in product innovation to meet 

a particular specification for their foreign customers) than in significant productivity effects. 

Recently, some LBE studies have focused on testing the impact of exporting directly on 

innovation, thus recognizing the role of innovation as a driver of productivity differences 

across firms. A small number of papers, mainly exploring Community Innovation Surveys 

(CIS), tried to use a more direct measure for LBE, studying the connection between firm’s 

performance on innovation (the consequence) and exporting (the cause). This Learning-to-

Innovate-by-Exporting (LIBE) literature has contributions by Salomon and Shaver (2005), 

Crespi et al. (2008), Liu and Buck (2007) and Damijan et al. (2010). In all these papers, a 

positive association is found between exporting and innovation performance at the firm level. 

As exporting is a knowledge-transmission channel, the ability of exports to promote 

innovation may result from several sources: information exchange with foreign markets, 

personal contacts with foreign buyers and intermediaries and higher competition pressure. 

Domestically, however, innovation may also be influenced by a firm’s own R&D 

infrastructure as well as by horizontal or vertical domestic spillovers. 

 
2.2.3. Fundamental causes of LBE 

Castellani (2002) refers to LBE as an adjust in the stochastic process that manages firms’ 

productivity and that is induced by export behaviour. The reasons for this change could be 

either the exploitation of economies of scale from the larger international markets (static 

efficiency gains) or the (true) LBE process based in fierce competition, contacts with 

foreigner buyers and new problems that challenge technological development and can 

produce dynamic efficiency gains. In that sense LBE is not simply the outcome of a presence 

in the export market, but depends on the experience and commitment of the exporting firms. 

Serti and Tomasi (2008a) also refer to “post-entry effects” as the outcome of firms that 

become more efficient after they begin to export. For them, LBE is one of the two main 
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mechanisms that explain those “post-entry effects” and it refers specifically to the 

technological drivers of productivity increases. The other mechanism, economies of scale, 

does not rely on technological improvements but only in static gains from greater efficiency. 

The existing literature (e.g., Greenaway and Kneller, 2007; Hiep and Otha, 2009) 

presents reasons why exporting can lead to a persistent increase in firm’s productivity. Firstly, 

exporting firms can more easily access new technologies of production or new designs. 

Secondly, those firms can also receive technical assistance either from their foreign buyers 

(e.g., Blalock and Gertler, 2004) or from international technical and professional services that 

are more easily available to exporting firms (e.g., Utar, 2009). Thirdly, exporting firms, in 

contacts with their foreign counterparts and competitors, can also more easily access 

advanced managerial skills or marketing techniques that may enhance efficiency. 

In an empirical application on this subject, Blalock and Gertler (2004) interviewed 

several Indonesian factory managers in 2000 and found that Japanese and German buyers sent 

engineers to local plants in order to review production methods, to adapt product to 

destination markets or even to advise local managers about machinery investment. They also 

relate that exporting firms may benefit from additional competition in foreign markets. 

Conceptually, LBE requires “experience”. As Andersson and Loof (2009, p. 897) stress, 

“The potential for learning from an activity is in this view linked to the persistence of the 

activity”. Thus, LBE may take some time to occur, which, as many firms are only temporary 

exporters, opens a discussion on the ability of empirical research to detect LBE. Some studies 

in the management and marketing literature (e.g. Koh - 1991) clearly demonstrate that during 

the internationalisation process a firm gradually “learns” to organise production and processes 

in accordance with competitive international markets, even if this “learning” is not substantial 

enough in the first period to be classified as LBE. Thus, LBE should be observable for some 

time even after exporting ceases, in line with certain economic hysteresis mechanisms. 

 

2.3. Review of empirical literature on LBE 

2.3.1. Modelling empirical work 

In contrast with the SS thesis and its background in heterogeneous-firm trade theories  for 

which several theoretical models were applied (e.g., Melitz, 2003; Bernard and Jensen, 2004b; 

Yeaple, 2005), there are only a few models that offer support for LBE arguments in 

endogenous growth studies, to guide the empirical evaluation of LBE. 

Clerides et al. (1998) presented a theoretical model of export participation with learning 

effects which integrate LBE. Their model was based on hysteresis literature and on a dynamic 
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problem of forward-looking decision-making on whether to export or not in each period. LBE 

was formally linked to the marginal cost function, as this cost was a decreasing function of 

the previous participation of the firm in foreign markets. Empirically, comparing productivity 

(measured by average variable costs) trajectories for firms with different export participation 

they found that on average, cost and productivity did not alter after firms entered foreign 

markets. Additionally, performing a type of Granger causality test, they simultaneously 

estimated an autoregressive cost function and a dynamic discrete choice equation which 

described the export market participation decision. Overall, they found LBE consistent only in 

Moroccan apparel and leather products (but not in Mexico or Colombia). Ten years later, 

Trofimenko (2008) developed and extended the model of Clerides et al. (1998) in two ways: i) 

assuming higher entry costs in more developed markets and ii) assuming different export 

learning rates depending on the development level of the destination market. 

Pack and Saggi (1999) developed a model in which they explain the fundamentals of 

LBE as firms from industrial countries transfer technology to a developing-country exporter 

firm. These transfers can reduce the price of the exported good and then provide a saving for 

the importer. Moreover, they also held that if technology is transferred to a developing 

country firm, even if there were a leakage of technology to a third developing country firm, 

this would increase the competition among developing-country suppliers and would benefit 

the industrial country’s firm even more. 

Kostevc (2005) and also Damijan and Kostevc (2006) present general equilibrium 

models of trade and foreign market monopolistic competition in which higher competition 

environment generates the need for LBE. These models rely on the monopolistic competition 

general equilibrium trade modelling proposed by Fujita et al. (1999). In fact, as a firm (mainly 

from a less developed country) faces strong competition from foreign markets and the price 

elasticity of the demand is higher in those markets, the firm needs to improve its productivity 

(lowering its marginal costs) to stay in the market. As the number of supplied varieties of 

differentiated goods increases in developed countries, these authors assume that the elasticity 

of substitution between varieties rises, implying that as the price-demand elasticity becomes 

higher it then decreases the slopes of individual demand curves and the sales price of firms. 

 

2.3.2. Methodological issues 

The empirical research on LBE has been done with business case studies and with micro 

panel data studies. In order to empirically test for the existence of LBE several econometric 
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methods have been employed and their difficulties and problems are identified; matching 

methods have proven to be the most promising ones. 

2.3.2.1. Case studies 

During the eighties, firm-level empirical investigation on exports-productivity connections 

was conducted by case-study approach and mainly for East Asian firms. That analysis 

consisted of asking managers (of selected firms engaged in exporting sales) directly if they 

had received some kind of assistance or information from the contact with their foreign 

customers. López (2005) presents a survey of these studies, involving firms from Asia and 

South America. Buckle and Cruickshank (2007) also mention some studies of this kind. 

These studies clarified and stressed the mechanisms by which technological knowledge 

and expertise flowed internationally. They also had some limitations: they had a selection bias, 

as tended to choose and study most successful exporters, and they were unable to quantify the 

effect of exports on firms’ productivity and performance. 

 

2.3.2.2. Micro panel-data studies 

Common evaluation difficulties – the role of the unobservable and the TFP estimation. 

The connection between the beginning of exporting activity and productivity gains may have 

several explanations. LBE may be one factor but other possibilities exist. A change in firm 

management, in firm ownership or taking a new attitude concerning both the risk and 

challenge of internationalisation are other explanations. The fact that a firm does not export at 

a given time does not have to necessarily be related with the level of productivity of the firm; 

the beginning of an exporting activity may not be connected with a productivity issue but to a 

management issue instead. Given the fact that these factors are not observable, common tests 

of LBE disregard such understandings and do not disentangle “true” LBE from “simple” 

changes in firms’ management or strategy. 

Saxa (2008) is an important exception to this approach. He studies firms that start to 

export due to exogenous causes such as variations on industry-specific exchange rates and 

industry-specific producer prices, in order to identify exogenous factors that could motivate 

firms to export. This way he endeavours to disentangle learning-by-exporting from “simple” 

changes in firm management that bring the firm to enter foreign markets and at same time to 

introduce productivity increasing measures which are not LBE. 

At another level, since the large majority of empirical works on LBE use productivity in 

levels or growth as the explained variable (reflecting the learning obtained by exporting), this 
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measurement is of upmost importance for a correct LBE assessment. Thus, differences in 

productivity measures imply differences in the conclusions about LBE reality. 

The use of a simple labour productivity indicator has been the choice for several authors 

(e.g., Aldan and Gunay, 2008 or Saxa, 2008). TFP should be used instead, as a more precise 

indicator of productive efficiency because it also accounts for both capital intensity and 

capital productivity. However, two main difficulties arise in measuring TFP: first, the choice 

of the production function2 and second the very estimation of TFP, since productivity and 

input choices are likely to be correlated. In fact, TFP estimation involves endogeneity 

problems that require other methods than the simple OLS regression, in a production function 

for which not all output is explained by the inputs consumption. In order to overcome such 

problems of endogeneity several procedures were tested. The use of instrumental variables 

estimator has been most common. 

Different approaches include, e.g., Blundell and Bond (2000) who use input prices and 

lagged values of inputs consumption, Olley and Pakes (1996) who use firm investments as a 

proxy controlling for the part of the error term correlated with inputs, and Levinhson and 

Petrin (2003) who use intermediate inputs as proxies that control for correlation between 

input levels and unobserved firm-specific productivity process. It is also worth mentioning 

that a different approach is employed in some studies (e.g., Hahn and Park, 2009; Bellone et 

al., 2008 or Delgado et al., 2002) that compute a TFP index for each firm at each year. The 

use of this methodology was pioneered by Caves et al. (1982) and Good et al. (1997). 

Different assessment methodologies applied 

To assess LBE two main approaches have been used; using firm productivity level or growth 

as the dependent variable, and innovation levels or growth as the explained variable. 

i) LBE assessed through productivity 

Beginning with Bernard and Jensen (1995) a standard approach to the evaluation of the 

differences between exporters and non-exporters became common in empirical assessments of 

SS and LBE. Specifically for LBE evaluation, this method means to use regression of log 

productivity or of productivity growth differences between groups of firms, on current export 

starter dummies and other controls. This way it is possible to compare firms that are ”new” 

exporters with non-exporters a few years after exports begin. 

In some variants of this methodology some authors have developed sectoral studies, 

while others use particular nuances: Clerides et al. (1998) used the General Method of 

                                                 
2 Cobb-Douglas production function was the dominant but translog functions were used: e.g. Bigsten et al. 2000. 
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Moments (GMM) with panel data, as they were interested in estimating both SS and LBE. 

Bigsten et al. (2000) mixed GMM with maximum likelihood and Hallward-Driemeier et al. 

(2002) used the instrumental-variables method. 

Meanwhile, different structural approaches were tested. One method was to the test for 

stochastic dominance of productivity distribution for exporters over the productivity 

distribution for non-exporters, tested non-parametrically using the Kolmogorov-Smirnov test. 

This method was used to discuss the issue of exports and productivity for the first time by 

Delgado et al. (2002) but other applications were also made: e.g., Girma et al. (2003) or 

Cassiman and Golovko (2007). 

A related extension of the standard approach consisted in the analysis of the relationship 

between exports and productivity by a quantile regression, introduced to this field by Yasar et 

al. (2006). Quantile regression allows testing for differences in the effects of exporting on 

firm productivity by moves from the lower to the upper tail of the conditional productivity 

distribution, and to identify the regions where these effects are stronger or weaker. 

Despite the different approaches, common problems and handicaps of this framework 

are noticed, namely the selection bias of starters. It is now well-recognized in the literature 

that the decision to become an exporter is not a random event but the result of deliberate 

choice, thus requiring a special effort to correctly identify the true effect of becoming an 

exporter on firm’s productivity (e.g., De Loecker 2007). In fact, the decision to be an exporter 

is likely to be correlated with the stochastic disturbance terms in the data generating process 

for a firm’s productivity, so that the traditional simple mean difference test on productivity 

differences between exporters and non-exporters does not provide the correct answer. 

Moreover, recent matching methods applied to this field, assume that for a firm, 

beginning to export is like starting a treatment and, therefore, the econometric aim must be to 

assess the effects of treatment on the treated. Nevertheless, given the self-selection of more 

productive firms to export, we cannot simply compare the performance of the treatment group 

(new exporters) with the non-treated (non-exporters). In fact, matching enables constructing a 

group of pseudo-observations containing the missing information on the treated outcomes if 

they had not been treated by paring each participant with specific members of the non-treated 

group. The crucial assumption is that, conditional on some observable characteristics of the 

participants, the potential outcome in the absence of the treatment is independent of the 

participation status. Then differences between treated and matched non-treated outcomes can 

proxy for treatment effect (the beginning of export). 
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A matching approach on LBE, pioneered by Wagner (2002), was followed by several 

authors (e.g., Girma et al., 2004; Fernandes and Isgut, 2005; De Loecker, 2007; Tekin, 2007). 

Several extensions of the matching methods based on propensity scores were also presented: 

Arnold and Hussinger (2005) complemented it with the Granger causality test; Fryges and 

Wagner (2008) extended it to a new methodology: the generalised propensity score (GPS), 

which allows continuous treatment for different levels of the firm’s export activities. 

Currently, matching methods are the most commonly used method to assess LBE. 

ii) LBE assessed through innovation 

In a different and less frequent framework, some authors (e.g., Damijan et al. 2010) use firms´ 

innovation instead of productivity in order to evaluate both the SS and the LBE hypothesis. In 

this branch of the literature it is common to assume that SS materializes in the firms’ decision 

to begin to export, which is linked to a previous productivity increase enabled by a product 

innovation. In addition, LBE occurs as a result of increased exporting activity that generates 

the need and the opportunity to process-type innovations and the consequent productivity 

increment. Several studies have discussed the relationship between exports and innovation 

using direct information on the innovation activity of firms. However, most of them have 

investigated whether innovation induces exports (e.g., Roper and Love, 2002; Cassiman and 

Martinez-Ros, 2007, or Caldera, 2009,3 among others) rather than the reverse. 

Nevertheless, some contributions must be highlighted as they shed light on how 

exporting activity may influence innovation. Crespi et al. (2008) used direct data on 

“learning”, which means that they got data on the sources of knowledge changes for all 

innovations carried out by firms. Using CIS for the UK they confirm the LBE hypothesis, 

generated by two connected facts. On the one hand, past exporting is associated with 

statistically significant higher learning from buyers (as firms who export were more likely to 

report learning from their buyers, relative to other sources of learning – e.g., suppliers, 

competitors, universities). On the other hand, firms who report more learning from buyers, 

relative to other forms of learning, are more likely to experience higher growth in TFP. 

Salomon and Shaver (2005) and Salomon and Jin (2008) use innovative productivity 

(for which a count of patent applications can be used) as the dependent variable. They found 

that exporting is connected with increases in two measures of a firm’s innovation: product 

innovation and patent applications. In the same line, to take account of potential endogeneity 

of exporting with respect to innovation Bratti and Felice (2009) use an instrumental variable 
                                                 
3 In a study for Spanish firms, Caldera finds that firms which upgrade products are 2% to 16% more likely to 
export, next period, than non-innovators. 
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specification in both a linear model and a probit model in which they regress a dichotomous 

variable “product innovation” on lagged “exports” status, controlling for region fixed effects, 

year the firm was set up, firm type or proxies for absorptive capacity and process or product 

qualities. They found that exports induce strong learning effects on firms´ innovative ability. 

In a study of Chinese firms from high-tech industries, Liu and Buck (2007) regress 

innovation performance (measured by new product sales per employee) in several sources of 

technological spillovers, such as R&D activities from Multinationals, imported technology, 

exports (measured by export sales in total sales), domestic R&D activities and absorptive 

ability of firms (measured by the share of scientists and technicians in total employees). They 

report that learning by exporting promotes innovation. 

The special case of meta-analysis 

Given the substantial divergence in the conclusions of several studies on LBE, Greenaway 

and Kneller (2007) advanced two explanations for this apparent inconsistency: firm’s 

heterogeneity associated with the age, sector or country of the firm and the timing of the 

observation period. Nevertheless, an important reason for such disparities results from 

different methodologies used.  

In spite of considerable heterogeneity across the many studies that examine the question 

of the causal impact of exporting, some studies adopt a meta-analysis approach. This means 

that the aim of these studies is to understand whether there are any systematic relationships 

between the characteristics of each study and its results, given the fact that there are several 

dimensions and characteristics in which a specific paper can be different from other studies: i) 

the range of country coverage, ii) the type of dependent variable, iii) the characteristics of the 

sample, and iv) the estimation methods. In an attempt to mitigate methodological differences 

in LBE analysis, the International Study Group on Exports and Productivity (The ISGEP) 

arose as a result of the co-ordinated effort to produce micro-econometric studies for many 

countries using common approaches, empirical models and even econometric software. 

In 2007, the ISGEP presented a study for each of a group of 14 countries in what 

concerns their manufacturing industries.4 Firstly, export productivity premia are computed, 

from a regression of log labour productivity in the current export status and a set of control 

variables; the results presented show that the export premia are statistically significant for all 

countries (except for Sweden if we consider fixed firm effects), although it varies with the 

share of exports in total sales. Secondly, the SS hypothesis is studied (the pre-entry premium) 
                                                 
4 The study covers countries in Asia (China), Latin America (Chile, Colombia), the European Union (Austria, 
Belgium, Denmark, France, Germany, Ireland, Italy, Slovenia, Spain, Sweden and the United Kingdom). 
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for which the logarithm of labour productivity is regressed three years before exporting; it is 

clear that there is strong evidence in favour of SS, namely in less developed countries. Finally, 

the test for LBE consists of a regression of what is called “ex-post export premium” and is 

only proved for Italy. Several authors of this study agree on the need to use “more 

sophisticated” methods (such as matching) in order to correctly assess LBE. 

Martins and Yang (2009) developed another meta-analysis, surveying 32 papers that 

measure productivity effects for firms that become exporters in respect to firms that stay in 

the domestic market. Unlike the ISGEP study, they take account of studies using matching 

methods. They found several clear patterns concerning the export-productivity relationship: i) 

the impact of exporting upon productivity is higher in the first year of exporting, ii) that effect 

is also higher for firms of developing countries than for firms of developed countries, iii) no 

publication bias was found5. Overall, this survey points to the importance of LBE in firms of 

developing countries, especially at the beginning of their internationalisation process due to 

the distance between these firms and firms on the technological frontier. 

 

2.3.3. Review of empirical results 

From the review of empirical literature it is possible to identify several conditions that are 

commonly associated with the existence of LBE and impinge on its strength. In effect, most 

of the empirical works that confirm the LBE hypothesis do so only in limited circumstances: 

(i) LBE only for younger firms and entrants into foreign markets; (ii) LBE only for firms 

highly exposed to foreign markets; (iii) LBE only for firms of industries or countries with 

particular characteristics; (iv) LBE only for firms that export to high-income countries; (v) 

LBE depending on a mix of determinants; (vi) The special case of Learning-to-Innovate-by-

Exporting. Moreover, there are also several studies that do not found LBE effects at all. 

LBE depending on firm’s experience 

Using a survey on Spanish manufacturing firms, Delgado et al. (2002) collected data from the 

period 1991-96. They used a non-parametric methodology based on the concept of stochastic 

dominance (test of Kolmogorov-Smirnov). They compared productivity distributions of 

groups of firms with different transition patterns between the domestic and the foreign market, 

using a double technique: first at the entry zone (the ex-ante productivity of entering exporters 

should be higher than the corresponding productivity of non entering firms) and then at the 

exit zone (firms that leave export markets should have lower productivity than those that 
                                                 
5 Publication bias means that studies that report significant effects are more likely to be published than the others 
that report no significant effects. 
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remain in it). They found that SS was observed from the data and also that the LBE was only 

confirmed for a sub-sample of the younger firms. They assume learning effects are more 

intensive for younger firms with a short period of learning and a short market life cycle. 

Based on Arrow’s concept of learning, which relies on experience in solving problems 

and challenges, Fernandes and Isgut (2005) presented a study for Colombian plants for the 

period 1981-1992 in which they specifically studied LBE for younger plants that enter into 

exports and that, much more than experienced exporters, face new organizational and 

technical problems. Using several econometric methods they found strong evidence of LBE 

for younger plants: those plants had registered annual average TFP growth rates of 3% to 4% 

higher than other young plants that had never exported and, more important, they noticed that 

TFP increased 4% to 5% for each year as an exporter. Greenaway and Yu (2004) found for 

the UK chemical sector that the LBE effect was strongest among new firms, weaker for those 

with more past export practice and even became negative for established exporters. 

Along the same lines, Harris and Li (2008 and 2007) developed a study for UK industry 

for the period 1996-2004 using three different techniques to control for endogeneity and 

sample selection. They estimated a substantial post-entry productivity effect for new entrants 

into foreign markets (a 34% increase in the year of entry and only a 5% increase in the 

following year) and also a negative effect for firms exiting overseas markets, thus confirming 

the existence of LBE only for new entrant firms. 

LBE only for firms with a minimum export intensity level 

Kraay´s (1999) study of Chinese industrial enterprises between 1988 and 1992 found quite 

large LBE effects among “established exports” and state-owned enterprises. In addition, using 

a dynamic panel specification with lagged effects he found that LBE was insignificant for 

new entrants, in clear contradiction with the previous collection of studies. 

Castellani (2002) argues that the most important thing for evaluating LBE is to use the 

right measure of export behaviour, which needs to be a continuous one (like the share of 

foreign sales in total sales) and not a discrete indicator. In his study on Italian manufacturing 

firms for the period 1989-94 he notices that there are sunk costs for entering foreign markets, 

which may induce firms to maintain exporting even when profit margins fall (in an example 

of economic hysteresis). He also found that exporters did not appear to have significantly 

different productivity paths relative to non-exporters, and, that positive effects from exporting 

on productivity occurred only if a certain threshold of export intensity was attained. 
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Moreover, he asserts that LBE effectiveness requires willingness and ability to learn. 

Considering that higher export intensity firms may have a higher degree of commitment to 

foreign operations and also a more sophisticated structure and organisational capabilities, this 

would explain their higher capacity for learning and their higher productivity growth. On the 

other hand, low export intensity firms may account for the existence of occasional exports 

without a clear exporting strategy that limits the chance to profit from a higher productivity 

growth. Hence, Castellani admits that higher degrees of learning (higher rates of productivity 

growth) could be achieved by more integrated forms of internationalisation such as FDI. 

Reinforcing the idea that LBE positive effects require a certain level of export intensity 

and not only a simple export participation, a study for Singapore industry by Chongvilaivan 

(2008) also found that LBE relies more on the intensity of the exporting activities (measured 

by export sales ratio to total sales, lagged one period) than on the simple exporting status: 

“(…) export-market participation will not result significantly in the learning effect if the 

industry’s export status is not improved” (p. 4). His findings support the existence of LBE 

(proxied by export intensity and not by export status) generated by technology transfer, 

administrative and organisational knowledge. He also reports higher levels of labour and 

capital use under LBE, along with falls in the consumption of other materials or energy. 

In a rare study of African firms, Mengistae and Patillo (2004) presented a study for 

Kenya, Ghana and Ethiopia for the nineties and for certain industries. They tried to 

disentangle the exports among some sub-groups, as in the case of direct exporters (those who 

are in contact with their foreign clients) and indirect exporters (who sell through domestic 

intermediaries) and also the sub-group of those firms who export to destinations outside 

Africa as opposed to those who sell only to African markets. Considering that the exporters 

productivity premium is a function of several forms of external links and not only of LBE, 

they assume that LBE would be closer to direct exporters, since they are likely to learn more 

with contacts with their buyers, especially if the exports are with countries outside Africa. 

They confirmed these hypotheses and concluded they were consistent with LBE arguments. 

Fernandes and Isgut (2007) found that for Colombian firms there was a positive impact 

of export experience on productivity, but only connected with a certain degree of exposure to 

export activities. They found no effect of export experience on productivity for plants that had 

exited foreign markets. They also noticed that the LBE effect was negligible for firms that 

participate marginally in the foreign market. Moreover, each additional year as an exporter 

added up to a maximum of 3.3% per year to productivity in plants with high export intensity.  
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Crespi et al. (2008), using a panel of UK firms from 1996 to 2000, found that firms that 

changed their exporting status and became exporters presented increased learning from buyers 

relative to other learning sources (e.g., competitors, suppliers or governmental institutions) 

within only two years, and that those firms were more likely to experience increases in labour 

productivity in the same two-year period. 

Testing the assumption that LBE requires persistence and intensity of exporting activity, 

Andersson and Löof (2009), using longitudinal data for manufacturing firms in Sweden from 

1990-1997 and a GMM system two-step estimator, proved that only persistent and high-

intensity exporters could experience LBE effects. 

LBE depends on features of firms, industries or countries from which they export  

Studying Spanish firms for the period 1990-98, Cassiman and Golovko (2007) argue that 

“once we take into account the innovation strategy, firm productivity turns out to be 

independent of whether or not a firm participates in export activity” (p. 15). That is, LBE 

effectiveness seems to be reliant on the innovation strategy of the firm. On one hand, LBE is 

still possible for firms with low or medium productivity levels because they can still benefit 

from their contacts abroad to get technological information or to gain from being in a higher 

competition environment. For innovating firms, as their initial level of productivity is already 

high, exporting does not produce strong LBE effects to alter their initial productivity level. 

Complementarily, using Italian manufacturing firms’ data for the period 1989-1997, 

Serti and Tomasi (2008a) found robust evidence of positive average effects of exports on 

productivity, sales, capital and number of employees. They also noticed these effects 

increased as firm accumulated experience in foreign markets. Moreover, they also found signs 

of some heterogeneity in LBE effects varying with respect to the exporting firm’s region, size 

and sector. Although all sets of firms benefited with respect to improvements in sales and unit 

labour costs, as far as productivity was concerned, the improvements depended mainly on 

skill intensity and on capital levels of exporting firms. 

Reinforcing the same thesis, Albornoz and Ercolani (2007) worked on a panel with 

Argentinean firms from 1998 to 2003 and concluded that LBE is not an automatic process. It 

depends on a firm’s features and ability to absorb and process knowledge. This ability is 

based on the firm’s export experience, level of highly skilled workers and its rate of imported 

inputs. They argue that exporting exposes firms to new technologies and knowledge that may 

improve their productivity. In order to absorb these inputs, firms must congregate a certain 

level of ability and therefore firms’ features drive LBE or not. 
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From another perspective, disaggregating LBE effects through industrial sectors instead 

of using only aggregated levels, allowed Yasar et al. (2007) to find that LBE is stronger for 

the Turkish textile and apparel industry than for the motor and parts industry. They explained 

it by the highly concentrated, more capital intensive and extensive FDI in the motor and parts 

industry, clearly suggesting that LBE depends on the technology level of the industrial sector 

considered and may be more effective in less technologically developed sectors. Despite 

using innovation patent activity instead of factor productivity, Salomon and Jin (2008) also 

point out that LBE is also a function of the technological-knowledge industry heterogeneity. 

Their study indicated that firms from “laggard” industries learned more by engaging in trade 

than firms belonging to “leading” industries. 

The same authors had presented a similar study in 2006, but at firm level. Observing the 

behaviour of Spanish firms for the period 1990-1997, they found exporting had a positive 

effect on firms´ innovation both for lagged and leading technological firms. Nevertheless, that 

effect was more pronounced for technologically leading firms, as they applied for more 

patents subsequent to exporting. Salomon and Jin’s studies rely on the debate in the literature 

on “convergence macroeconomic” and on “firm capabilities”. The former assumes that 

technological lagging firms gain more from exporting as they can “catch-up with” their 

advanced counterparts more rapidly. The latter argues that technologically leading firms are 

more suited to making adequate use of knowledge available in foreign markets. 

LBE depends on features of partners and countries to which they export  

For Trofimenko’s (2008) work on Colombia, the potential for LBE depends on the “quality of 

the environment” in which the learning occurs. Thus, she states that LBE materialises in the 

acquisition of knowledge incorporated in higher quality products, new inputs or new methods 

of production. In addition, as advanced countries possess more quality, LBE would be 

expected to show greater potential when firms’ trading counterparts belong to those countries. 

She analyses the impact of exporting to developed markets in the context of Colombian 

manufacturing plants in the 1980s and distinguishes how LBE takes place as the destination 

market changes. If the exporting takes place with countries at a similar development level, 

plants become more productive before exporting (SS) but their productivity suffers a negative 

shock once they start exporting and rarely recovers. Otherwise, if Colombian firms export to 

OECD countries there is a strong productivity increase and it lasts and even grows with time. 

Moreover, she found that the differential in productivity between exporting and domestic 

plants (the export premium) increased with the development level of the trading partner. The 
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learning rate varies with the destination markets, but also relies on the level of technology 

incorporated in the exports themselves - in low-tech industries the LBE effects (even for 

advanced markets) are only partly observed. 

Similarly, De Loecker (2007) found that firms starting to export only to low-income 

regions get inferior additional productivity gains of 10%, on average, in comparison with their 

counterparts exporting to high-income countries. He argues that this proves LBE depends on 

the characteristics of the destination markets. 

The special case of Learning-to-Innovate-by-Exporting (LIBE) 

Bratti and Felice (2009) found evidence of higher product innovation in exporting firms. This 

effect was generated by knowledge spillovers produced by contacts with foreign customers, 

competitors, trade intermediaries and higher competitive markets. They estimated an export 

premium on the possibility of introducing a product innovation of between 14% and 16%. 

Liu and Buck (2007) found LIBE evidence in Chinese high-tech industries. They 

emphasized that other sources of international technological spillovers, like R&D activities or 

being part of Multinationals, did not prove to be consistent determinants of the innovative 

performance of firms, as exports did. 

This capacity of innovation from exporting firms was also registered by Salomon and 

Shaver (2005). They found evidence of LIBE for Spanish manufacturing firms (1992-1997) 

as they observed that exporters increase product innovations within a time lag of two years 

subsequent to exporting. They also noticed exporters increased their patent applications, but 

with a longer time lag after exporting. In a comparative study of British and Irish exporting 

firms, Girma et al. (2008) found that prior exporting experience enhanced the innovative 

capacity of Irish firms. They showed a higher ability to absorb the knowledge obtained via 

exports, since those firms export to more demanding markets. 

No LBE 

Several studies do not find any evidence on LBE and therefore do not support this hypothesis. 

For instance, Aw et al. (2000) studying firms from Taiwan and Korea found no continuous 

improvement of exporters relative to non-exporters. The same idea is expressed by Kostevc 

(2005) for Slovenian firms (1994-2002), which only reached higher productivity growth in 

the first period of exporting. A third example is given by Arnold and Hussinger (2005);  using 

firm-level data for German exporters and employing matching methodology they found no 

significant productivity differences between exporting and non-exporting firms, neither in 
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levels nor in growth rates. They conclude in a very expressive statement: “the good ones go 

abroad, while exporting itself does not help a firm to improve its productivity” (p. 240). 

 

2.3.4. The misestimation of LBE 

The previous literature review allows the detection of several factors that may generate 

misestimation of LBE effects, mainly by underestimation. 

 

2.3.4.1. Underestimation of LBE 

LBE takes time 

Aw et al. (2005) argued that the difficulty in recognizing LBE derives from the fact that 

investments made to assimilate the knowledge and expertise actually obtained with foreign 

markets may take a long time to produce effects. This means that LBE may take some time to 

be observed and that is probably why researchers cannot detect it, as they do not observe data 

for the required time period. These explanations seem to have gathered strength recently, as 

several studies (e.g., Damijan et al., 2010) have shown that it is mainly process innovation 

(which takes a longer time than product innovation) that drives productivity growth. 

Andersson and Löof (2009) pointed out the weaknesses of the large majority of LBE 

tests was that they did not separate temporary from persistent exporters and high-intensive 

from low-intensive exporters. Significant learning effects from exporting are unlikely to take 

place when exporting is a temporary activity or of minor importance for the firms´ sales. 

 

Lack of revelant information for direct tests 

For Crespi et al. (2008), LBE refers to an informational learning type that materializes in 

innovations and requires, to be assessed, the availability of firms’ informational data on 

advances, innovations and adaptations. However, given the lack of that kind of data, most 

studies use productivity as a dependent variable and examine LBE indirectly. They assume 

that changes in the knowledge stock and even in the input stock are mainly derived from both 

managerial ability and learning. That ability to learn is determined by factors such as 

exporting, managerial ability, exchange rates and learning from buyers. 

At another level, Bellone et al. (2008) posit that there is systematic underestimation of 

LBE associated with difficulties in estimating TFP. Exporters make high investments in new 

technology whose depreciation rate is above the standard; given the fact that capital input is, 

in most cases, computed from the book value of tangible assets in the previous period 



27 
 

(depreciated by the standard perpetual inventory method) and by the years´ investment, it is 

probable that capital stocks are overestimated, thus creating an underestimation of TFP. 

Besides, as exporters may have less market power when they arrive at distant markets, the use 

of a standard domestic price deflator may then lead to an underestimation of output and 

consequently of TFP. 

Pisu (2008) also finds that LBE is sometimes underestimated because of the lack of 

information on the export market’s features. Thus, when information on the level of 

development of the destination countries is absent it is not possible to distinguish between 

exports that are associated with LBE (when destination countries are highly developed) and 

those exports that cannot provide it. 

LBE’ effects spillover to non-exporters 

Ahn (2005) states that LBE effects are not detected because they are rapidly diffused to non-

exporters in the same industry. These spillovers (externalities) of LBE were found by Ahn for 

Korean plant-level data, in spite of the fact that the spread of spillovers is dependent on 

competition outside the export market, on the development of institutional areas like capital 

and labour markets and also on the effectiveness of business networks. 

Aw et al. (2000) also remark that there is an inconsistency between a vast number of 

empirical studies that do not recognise the existence of LBE and several micro-surveys in 

which links between exporters and their international buyers (that generate positive 

connections such as the case for production engineering knowledge coming from international 

purchasers or quality advice) are reported. They associate this inconsistency with quick 

diffusion of LBE across exporters and non-exporters, which may hinder observation of the 

productivity differences across groups (exporters and non-exporters). 

Catch-up in productivity 

During the nineties it was common to test for LBE by comparing productivity differentials 

between exporters and non-exporters over time with the help of regression analysis; if that 

differential increased then the LBE thesis would be supported. Huang et al. (2006) state this 

method generates underestimation of LBE because the learning effect is a “catch-up 

phenomenon”, in terms of productivity levels, for export entrants in comparison with 

incumbents within the same market (be it domestic or foreign). Thus, in their opinion, a 

greater learning ability, in the export market, may not mean a widening over time of the 

productivity differential between exporters and non-exporters. 
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2.3.4.2. Overestimation of LBE 

The use of propensity score matching as the preferred current methodology of assessing LBE 

is not free of critics. One of the most common criticisms is that it may generate an upward 

bias. Eliasson et al. (2009) refer to the choices made on the composition of treated and control 

groups as the main focus of this bias. In particular, choosing only successful new exporters as 

the treated group (instead of choosing all new exporters, successful or not) and never 

exporters (instead of not-yet entrants in the export market) as the control group is a frequent 

cause of error that overstates the importance of LBE.6  

Additionally, Fernandes and Isgut (2007) argue that the use of matched samples based 

on a common characteristic of new exporters and non-exporters may produce upwardly biased 

estimates of the LBE effect. In fact, among all other factors the decision to enter the export 

market depends on a plant’s productivity index, and plants may be able to start exporting due 

to favourable productivity shocks (unobservable). However, non-exporters do not enter the 

export market during the sample period, because they do not receive such favourable 

productivity shocks. As a result, the expected outcomes of the matched new exporters and 

non-exporters are unlikely to be conditionally independent from the decision to enter the 

export market, violating the main assumption of the matching method (Heckman and 

Navarro-Lozano, 2004). Empirically, they found evidence of a positive bias in the estimates 

of the LBE effect when using both the propensity score of entry into exporting and a simpler 

criterion to match new exporters and non-exporters. 

 

2.4. Trade and productivity revisited 

Given the handicaps of LBE assessment, the explanation of firms’ connections between 

productivity growth and superior openness requires more integrated and wider frameworks in 

which the role of imports and of reallocation effects across firms must be included. 

 

2.4.1. The importance of imports 

Since only a small percentage of firms are really engaged in the creation of new technologies, 

the international transmission of technology becomes a crucial element in the development of 

most firms (especially in developing countries). Moreover, technology can be transmitted by 

contacts with foreign partners; foreign suppliers (and clients), licensing; technological 

                                                 
6 Eliasson et al. (2009) understand that the choice for export markets is a process of dynamic treatment 
assignment (as some firms choose to enter the export market early and others decide it later and some even 
prefer to never do it) but it is assimilated as a static process, thus generating a bias. 
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spillovers (from firms integrated in world business), and mobility of individuals or trade. In 

this way, we can understand the strong connection between trade openness and technological 

adoption. These facts explain the surge of the “learning-by-importing” literature in the middle 

of this decade (e.g., Keller, 2004). This branch of literature assumes that imports of capital 

goods enable technology transmission and firm-level productivity growth. 

Almeida and Fernandes (2008) focus on the importance of trade as a technology 

transmitter, by considering that importers can improve their technology by incorporating 

imported capital goods or inputs not available domestically; they also consider that exporters 

can be more innovative as they interact with more advanced foreign buyers. Using a dataset 

from a World Bank survey for 68 developing country firms (Investment Climate Survey), 

they found a very strong correlation between openness and technology adoption as (after 

controlling for firm characteristics and country and industry fixed effects) they observe that 

importers and exporters are, respectively, 4.3% and 7.3% more likely to adopt and adapt new 

technologies than firms that do not engage in each of these activities. 

Castellani et al. (2010) show that internationalised Italian firms have better performance 

(in number of employees and productivity) than non-internationalised firms but two-way 

traders (both exporters and importers) were the most productive, followed by only importers 

and only exporters. 

In an integrated approach, Albornoz and Ercolani (2007) found LBE more relevant for 

exporting firms that made intensive use of imported inputs or that were foreign-owned. They 

conclude that LBE depends on each firm’s ability to absorb and use new technologies or 

knowledge provided by foreign contacts and induced by exports. They also found that labour 

productivity increases as the number of countries that firms trade with rises, as do the number 

of products exported or imported, supporting the idea that the fixed costs of entry are different 

for each new country a firm starts to trade with or each new product a firm starts shipping. 

In a panel data study of Chilean plants, Pavcnik (2002) showed that individual plants 

that had the highest productivity gains were connected to import competition. In particular, 

using unweighted productivity, she noticed that the productivity of the import-competing 

goods producers improved more than the productivity of plants in the non-traded goods 

sectors by 3% to 10% on average. Moreover, the evidence for plants in the export-oriented 

sectors of the economy was much less conclusive. 

In a study that found even more relevant role for imports, Kim et al. (2007) studied 

Korean firms using causality tests and found no correlation between exports and TFP growth, 

but a unidirectional causality from imports to TFP growth instead. This fact motivated an 
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additional effort to distinguish what kind of imports really caused TFP growth and which did 

not. They found capital imports and imports of consumer goods did improve TFP whereas 

imports of raw materials did not. Moreover, only imports coming from more developed 

countries mattered for that causality. 

 

2.4.2. Beyond within-firm level: reallocation effects across firms 

Melitz (2003) developed a forward-looking model which predicted that exporting would 

increase productivity, because the best firms expand their market share whereas the worst 

reduce their share. In order to empirically evaluate the effect of export dynamics on 

productivity some studies tried to measure the “export premium”; i.e., the firm’s performance 

changes due to exports. Other studies seek to compare productivity amongst diverse sub-

groups of exporting firms and between non-exporters. These kinds of studies allowed the 

decomposition of productivity growth between within-firm effects and inter-firm effects. 

Along this line, some studies highlight the importance of reallocation in explaining 

productivity growth, while others stress the role of within-firms effects. 

Criscuolo et al. (2004) found that productivity growth in UK firms from 1980 to 2001 

was increasingly due to external restructuring based on market selection. They found that the 

share of net entry rose from an average of 25% of productivity growth in the five-year period 

of 1980-85 to a share of 40% of productivity growth in the final five-year period of 1995-

2000. Bernard and Jansen (2004.a) studied USA manufacturing firms. They decomposed the 

annual change in the aggregate TFP into within plant effects (own) and between plant effects 

(reallocation). Reallocation accounted for almost 40% of TFP growth. They noticed that trade 

improved welfare by facilitating the growth of high productivity plants, not by increasing 

productivity growth at those plants. 

Reaching a different conclusion, Hanson and Lundin (2004) found that the 

decomposition of Swedish TFP growth into within-firm productivity effect and reallocation 

effects (both by within-industry and between industry) clearly showed that own firm 

productivity growth (within-firm) was particularly large in exporting firms and had been the 

major contributor to TFP growth. The reallocation effects were of minor importance, 

moreover, if between-firm effects seemed to have occurred from less to more productive 

firms, otherwise between industry effects seemed to have occurred in the wrong way – from 

more productive industries to less productive ones. 
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2.4.3. Further investigation lines 

Aiming to overcome the main difficulties and handicaps mentioned earlier, future lines of 

investigation on LBE should focus on resolving methodological problems and on deep testing 

of some still fragile achievements.  

At the empirical level, given the fact that most empirical studies of LBE did not possess 

information about firms export experience but had only the export participation levels, and 

considering this as potentially underestimating LBE, it would be important to gather 

information at the level of engagement of firms in export markets (number of years of 

exporting or an index of cumulative exports). Additionally, in order to test the SS and the 

post-entry LBE effects, it would be interesting to evaluate it not only with respect to 

productivity and size, as is usually done in the literature, but also taking into consideration 

other firm features such as capital endowment, workforce composition or labour cost 

competitiveness. Moreover, it would be important to enlarge the number of studies that 

address the issue of the quality of the environment in which learning takes place. As this 

requires specific data on export destinations an additional effort would be necessary to treat 

this information and to pool it together with more traditional elements. 

In methodological terms, Fryges and Wagner (2008) applied a GPS approach which 

allows for continuous treatment of exports. It means that different levels of the firms’ export 

activities are now considered. It would be important to test it for other countries in order to 

understand if exporting enhances labour productivity growth or TFP growth only within a 

sub-interval of the range of firms’ export-sales ratios, as estimations obtained for Germany 

showed. Another methodological issue opened up to further discussion (by Fryges and 

Wagner, 2010) concerns the study of exporters´ profits. In general, firms increase profits as 

they export more. Nevertheless, in Germany, only those firms that generate 90 percent or 

more of their total sales abroad do not benefit from exporting in terms of an increased rate of 

profit. This could mean that the usually observed higher productivity of exporters is not 

completely absorbed by the extra costs of exporting or by higher wages paid by 

internationally active firms. 

Finally, some other particular aspects of LBE that were untested, tested only once or 

with a limited dataset deserve further development in order to evaluate their validity properly: 

(i) the alleged U-shaped curve of the productivity dynamics of exporters tested for French 

firms by Bellone et al. (2008); (ii) the type of technological progress associated with LBE (the 

alleged non-neutral technological progress of firms in Singapore: labour and capital 

augmenting as in Chongvilaivan, 2008); (iii) the possible connections between LBE and the 
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business cycle. Regarding this issue, some firms perform relatively better LBE during upturns 

in the business cycle while other firms do relatively better during downturns in the business 

cycle (e.g., Albornoz and Ercolani, 2007); iv) the possibility of important connections 

between exporting firms and access to superior availability of capital may be another channel 

by which some exporting firms may benefit from reduction in financial constraints. 

 

2.5. Concluding remarks 

The correlation between exports and productivity growth has attracted the attention of 

numerous researchers and politicians. To understand the way these two variables are linked is 

a difficult task, but various theoretical and empirical works have aimed to find explanations 

and evidence over the last fifteen years.  

The Self Selection of most productive firms into the export markets is an easier thesis to 

prove both in theory and in practice. Otherwise, Learning-by-Exporting postulates that firms 

learn to innovate and to be more efficient as they come into contact with certain informational 

flows from their foreign buyers, competitors and other sources that are unavailable to non-

exporters. However, the attempt to prove LBE has been done mostly using indirect data, 

namely connecting TFP growth to exports. 

Ideally, LBE should be measured using information on the specific mechanisms through 

which firms learn in order to innovate or to become more efficient (direct measure), but 

difficulties in accessing such data hinders that procedure. This fact means that we are not yet 

able to know as much as we would like about LBE but also suggests that future development 

and studies may focus on the analysis of particular learning channels instead of analysing 

LBE in an abstract way. Be that as it may, we reviewed the methodologies, results and 

difficulties that underlie the majority of studies on LBE, involving firms from over thirty 

countries. The main conclusion from those studies is that LBE may be underestimated in most 

cases, and that nowadays researchers are trying to connect LBE and SS to exports and imports 

in a wider explanation on the ways trade and productivity connect with each other. 

In this line, Wagner (2007) states that the research on this issue must proceed both with 

microeconometric studies and with case studies, which are necessary to produce the anecdotal 

evidence that may allow a better understanding of what is still beyond the estimations. 
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Chapter 3 

Which Portuguese firms are most innovative? 

The importance of multinationals and exporters*† 

 

 

 

 

 

Abstract: In this chapter we test the trade Global Engagement hypothesis in which firms most globally 

engaged – either multinationals or exporters – are most innovative. The test is applied to the data of 

4,815 Portuguese firms for the period 2002-2004 by using the fourth Portuguese Community 

Innovation Survey. We estimated several Knowledge Production Functions assuming that knowledge 

outputs result from the combination of some knowledge inputs with the flow of ideas coming from the 

existing stock of knowledge. We found that the more internationally exposed firms create more 

knowledge output than their domestic counterparts; indeed, the more globalized firms use more inputs 

and have the opportunity to use a larger stock of knowledge. Notwithstanding this, the observed 

superiority of the more internationally exposed firms is also the result of their globalized nature, not 

directly connected with knowledge inputs or information flows. 

Keywords: Multinational firms, exporting, knowledge-production functions, Portugal. 

JEL classification: F14, F23, O31. 

 

 

 

                                                 
* The results in this chapter have been published in a working paper (Silva et al., 2009), and have been presented 
in the following conferences: Rome, September 2009: 11th annual conference of the European Trade Study 
Group; Valência, December 2009: 35th annual conference of European International Business Academy; 
Antwerp, February 2010: Annual conference of the chair “Leo Tindemans”, Lessius University College and 
Leuven Centre. 
† This work contains statistical data from the Community Innovation Survey 4 for Portugal. The data is used  by 
permission of GPEARI/MCTES but does not imply the endorsement of GPEARI/MCTES in relation to the 
interpretation or analysis of the statistical data 
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3.1. Introduction 

Since different firms create different levels of knowledge, two related questions arise: (i) 

which firms are most innovative? (ii) is there any connection between this issue and firms´ 

level of global engagement? 

A firm’s innovation level is linked to firm or industry characteristics such as size, 

market concentration or orientation and technological characteristics. According to Oszomer 

et al. (1997), a firm’s strategic posture, organisation and environmental structure and even its 

uncertainty level interact and contribute to the level of its innovativeness. 

However, some models (e.g., Jones, 2002) assume that the stock of knowledge is a 

public good, equally and freely available to all firms worldwide. In contrast, Grossman and 

Helpman (1991), Parente and Prescott (1994) present models in which firms have to face 

costs and difficulties in adopting new technological knowledge. Those barriers differ across 

time and countries, suggesting that external trade may influence the adoption of technological 

knowledge. Nowadays it is common to accept that the existing stock of knowledge is 

appropriated and benefited from quite differently by various firms. This learning ability of 

firms is a decisive factor in explaining different innovative performances, even more 

important than different facilities for the acquisition of inputs. 

According to this line of reasoning, the more globally engaged firms may obtain larger 

stocks of ideas through their foreign sources such as international suppliers and customers or, 

in the case of multinationals, through their internal worldwide pool of information. In addition, 

higher exposure to foreign markets could reduce costs associated with the adoption of new 

technologies. Lederman (2009) calls this the Global Engagement hypothesis, according to 

which “importing” foreign know-how through licensing, foreign investment or exporting 

activities is positively correlated with innovation, and especially product innovation. This 

hypothesis also assumes that trade protectionism raises the costs of global engagement, 

adding difficulty to innovation. Additionally, it assumes that the density of knowledge 

available to local firms spurs innovation, and that the more globally engaged firms have a 

higher knowledge density available to work with. 

The existence of a positive relationship between the level and growth of technological 

knowledge and foreign exposure has been documented in several papers, using firm-level data 

(e.g., Alvarez and Robertson, 2004 for Mexican and Chilean firms or Cassiman and 

Veugelers, 1999 for Belgian firms). There is general agreement that this positive connection 

results from the highly competitive pressure of international markets, which require constant 
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updating and adaptation. Nevertheless, in a surprising conclusion, Silva and Leitão (2007) 

found that between 1995 and 1997 Portuguese industrial firms with high export intensity were 

less capable of innovating. They explained that the majority of high export intensity firms 

belonged to clothing and footwear industries and worked on an outsourcing basis, adopting a 

low-price strategy which did not rely on product innovation. A similar result was found by 

Lee (2004) in relation to the Malaysian manufacturing sector. 

Criscuolo et al. (2005) for UK firms and Wagner (2008) for German firms developed a 

new approach to testing the global engagement hypothesis. These authors use the Knowledge 

Production Function (KPF) as a theoretical framework to study the innovation versus 

international engagement connection. This methodology assumes that knowledge outputs 

result from the combination of knowledge inputs and of the flow of ideas coming from the 

existing knowledge stock. This framework is superior to other approaches to the extent that it 

allows us to estimate several versions of the KPF.1 It is thereby possible to evaluate which 

factors really matter in regard to the innovative performance of firms. 

In line with Criscuolo et al. (2005) and Wagner (2008), this chapter aims to test the 

global engagement hypothesis for Portuguese firms using the KPF approach. By considering 

the Community Innovation Survey (CIS) as database for the period 2002-2004, we follow 

primarily Criscuolo et al. (2005). Our analysis yields a set of results that indicate a 

confirmation of the above hypothesis. We find that the most internationally engaged firms 

report much more knowledge output, whatever measure is used. 

Despite the lack of data in two consecutive CIS Portuguese reports, which would have 

enabled a panel data analysis, the use of suitable econometric models allowed us to 

understand that much of the higher knowledge output created in globally engaged Portuguese 

firms was the product of: (i) higher levels of knowledge inputs; (ii) upper levels of 

informational flows used; (iii) greater efficiency in their use, as suggested by the KPF 

approach. Our findings also provide evidence that existing knowledge is not uniformly 

accessible to Portuguese firms. Moreover, for the first time, this study estimates the 

contribution of distinct knowledge inputs and knowledge information sources to the 

innovation ability of Portuguese firms. 

The chapter is organized as follows. Section 2 describes the theoretical foundations of 

KPF that support our empirical studies and reviews the empirical studies on the subject. 

Section 3 presents the main statistics for CIS 4 in Portugal, highlighting the actual differences 

                                                 
1 Hamermesh (2000, p. 376) states that: “the credibility of a new finding that is based on carefully analysing two 
data sets is far more than twice that of a result based only on one”. 
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between purely domestic and globalized firms. Section 4 discusses the main econometric and 

estimation issues. Section 5 presents estimation results. Section 6 performs an exercise of 

innovation accounting using the estimates obtained and the actual differences in data. Section 

7 concludes the chapter. 

 

3.2. Innovation factors and empirical literature 

3.2.1. International factors of innovation: theory and modelling approach 

In line with Coe and Helpman (1995), we know that the benefits of innovation are much more 

evenly distributed than the expenditures on innovative R&D. This is a sign of the importance 

of global technological diffusion. Technological knowledge can be diffused internationally in 

several ways: Foreign Direct Investment (FDI), labour mobility, communication patterns and 

imitation. In the latter case, international trade is the vehicle through which diffusion occurs. 

Based on Grossman and Helpman (1991) and Parente and Prescott (1994), our 

assumptions is that firms face barriers to adopting foreign technological knowledge. These 

authors argued that the reduction of the differences among different countries’ economic 

growth relies on the ability to reduce barriers to the adoption of technology, and they assume 

that greater trade openness favours weakening the resistance to such technology adoption. It is 

also assumed that barriers are reduced by FDI. Additional channels to technological diffusion 

are imports of intermediate inputs, which incorporate new technological knowledge, and 

exports, which increase the firms’ markets and thus expand firms’ returns on innovative 

efforts. 

Alternatively, following the conceptual framework of Silva and Leitão (2009), 

innovation can be seen as the result of an interactive and non-linear process between firms 

and their global environment. In a certain sense, innovation is “a collective learning process” 

(Silva and Leitão, 2009) in which organizational and environmental factors affect a firm’s 

specific innovative ability. This so-called “systematic approach” to the innovation process 

allows a new vision for: (i) the role performed by external partners and (ii) the importance of 

the information flows that disseminate knowledge within the system. 

Roper et al. (2008) hold that innovation is a recursive process that involves three phases: 

sourcing existing knowledge, transforming it into new products or processes and finally 

exploiting the innovation in order to generate more added value. They regard the innovation 

process as a value chain, albeit a risky one. It is important, then, to consider the motivational 

input for innovation activities. 
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On the other hand, the fact that different firms produce different amounts of new 

knowledge has opened the possibility of using KPF in a very similar way to a production 

function for goods and services (e.g., Geroski, 1990; Love and Roper, 1999; Roper et al., 

2008). In the KPF framework, production of new output knowledge relies on the competitive 

environment in which each firm acts. Moreover, the KPF framework also relies on the 

assumption that new knowledge depends on two types of inputs: innovation input activities 

such as R&D activities (which allow the emergence of knowledge) and the flow of ideas from 

the knowledge stock. 

Using the approach followed by Criscuolo et al. (2005), which is in line with Griliches 

(1979) and Romer (1990), we can write the KPF in the simpler Cobb-Douglas form: 

 ϕλ=∆ iii KHK . (3.1) 

The creation of new ideas, the change of the knowledge stock (∆Ki) depends on the 

investment in the process of knowledge creation (H), human capital or R&D activities, and on 

the existing knowledge stock from which ideas can be generated, K, through the knowledge 

information flows. Parameters λ and φ represent, respectively, the elasticity of new idea 

creation on knowledge investment and from the existing knowledge stock. Subscripting K in 

(3.1) means that firms have different access to the existing knowledge stock, since each 

existing idea might not be equally crucial to all firms. Besides, as firms can learn from their 

internal knowledge stock and from external sources, it is essential to identify distinct channels 

through which they can be encouraged to innovate, especially those that carry international 

technology spillovers. 

Following Criscuolo et al. (2005) and Wagner (2008), a second KPF version is 

presented: 

 









=∆ iiiiiii XKKHfK ,,, _  (3.2) 

This version of the KPF assumes that changes in the knowledge stock depend on: (i) H 

– the investment in the process of knowledge creation (R&D activities or other non-R&D 

investments); (ii) Xi –  a vector of other determinants such as size, industry or sector; (iii) Kii  – 

the flow of ideas to firm i from within; (iv) Ki_i  – the flow of ideas to firm i from outside the 

firm. In this case, K is thus decomposed into two different components. 
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Woerter and Roper (2008) argued that the innovation output of a firm i in a time t (I it) 

reflects R&D investments, other knowledge sources, the expansion of markets and additional 

factors. They also proposed a KPF conceptual framework by using: 

ititiititjitjitit CONTRINDRIKHMGXMGI ενφφφφφφφ ++++++++= −− 6543210  (3.3) 

In (3.3), the independent variables are, respectively, export-market growth, XMG, 

home-market growth, HMG, the availability of existing knowledge stock, K, such as in 

equation (3.1), firms’ internal resources, RI, industry resources, IND, which may affect post 

innovation returns and control variables, CONTR. They studied the Irish and the Swiss cases 

and concluded that the probability of a firm’s innovating depended mainly on its innovation 

ability and less on market demand. 

In an integrated approach, Mancusi (2008) investigated the role of domestic firms’ prior 

R&D to conclude that knowledge accumulation within firms increases their absorptive 

capacity and enhances international spillover effects. These hypotheses rely on Cohen and 

Levinthal (1990), who argue that firms’ ability to recognize, assimilate and apply external 

knowledge is critical to their innovative performance and that absorptive ability is a function 

of a firm’s previous investment in R&D. 

 
3.2.2. Empirical studies on innovation and foreign exposure 

There are several empirical papers that study the specific connection between the level of 

global engagement of firms and their innovative performance. Using logit models for 

Brazilian firms, Braga and Willmore (1991) found that the probability of firms innovating 

was increased both by their foreign property and by their exporter orientation: “The 

coefficient of the export dummy is highly significant and quite large in each equation, 

evidence that the competitive pressure of producing for foreign markets demands greater 

access to imported technology, encourages technological effort and increases the utilisation of 

modern methods of quality control” (p. 429). 

In a study of the choice between internal and external technology acquisition for Belgian 

firms, Cassiman and Veugelers (1999) found, using logit models, that “All else equal, a firm 

that exports 10% more of its production has a 3.74% higher probability of being an innovating 

firm. The competitive pressure in international markets could account for the fact that 

constant innovation is the only way to hold on to international market share” (p. 71). 
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Also using logit models, Alvarez and Robertson (2004) found that Chilean and Mexican 

exporting firms had a higher probability of process, packing, product and organizational 

administration innovations (the exceptions being innovations in product designs and in the 

purchase of foreign licences). They also showed that those effects were not linear and relied 

on export destination, as exports to more developed markets were associated with a higher 

probability of innovating. Moreover, they found a relevant but smaller role for foreign capital. 

Using probit models, Blind and Jungmittag (2004) found, for German service firms, that 

exporting increased innovation propensity by about 50%, either for product or process 

innovations. Hellebrandt (2007) in an overview of the U.K. CIS data, reported that exporting 

firms are far more likely to innovate, namely in the group of firms exporting beyond Europe. 

Using KPF and CIS data for the U.K. firms in a more proficuous approach, Criscuolo et 

al. (2005) found, through probit and tobit models, that globally engaged firms did generate 

more innovative outputs. Moreover, they also found that higher innovative capacity was 

related to greater use of knowledge inputs, and especially to higher learning from more 

knowledge sources. Wagner (2008) also uses KPF for German firms and confirms the 

previous results, reinforcing the thesis that the importance of the knowledge sources varies 

with the type of innovation performed. 

 
3.3. Data issues on innovation in Portuguese firms: a summary  

The Portuguese CIS is part of a European Union-wide survey which reports firms’ answers to: 

output of innovation efforts (in product, process, organizational and marketing innovations), 

inputs of innovation, sources of information-knowledge for innovation efforts, partnerships 

between firms and other institutions, obstacles to innovation and effects of innovation. It is a 

voluntary postal survey and covers the manufacturing and the service sectors. The CIS 

follows the OECD and EUROSTAT (2005) Oslo Manual, which guides each national survey. 

We use the fourth survey carried out in Portugal (CIS 4), conducted in 2005.2 It is the 

latest one available to researchers, but unfortunately it was not possible to gain access to more 

than one wave of these Portuguese surveys. 7,370 firms (representative of a population of 

                                                 
2 Two previous statistical problems arise from the sample design of CIS: one is non-response and its related bias; 
the other is that the survey is conducted at firm level (or firm level that we use as synonymous) and each firm 
can have more than one business establishment. Eventually it would be of interest to have establishment data. 
Nevertheless, these situations are common to all national CIS and therefore we did not distinguish between firm 
and establishment units.  
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27,797 firms) were questioned about their innovative activity in the period 2002-2004. 74.3% 

of these firms answered in a total of 5,475.3 

According to the OCES report (2006), 40% of Portuguese firms surveyed had 

innovation activities on products or processes. If we also include innovations in 

organizational and marketing levels, this number reaches 62%. The percentage of innovative 

firms increases in line with the dimension of firms.4 Since the specific number of employees 

per firm is not available – the data only includes the group dimension of firms –,5 we choose, 

as a proxy, an ordinal variable with the existing four dimensions to measure the size of firms. 

The CIS 4 allows us to know whether a firm belongs to a foreign group or not,6 because 

firms are asked if they form part of a group of firms and in which country the head office of 

that group is located. The CIS 4 does not ask Portuguese firms if they are Portuguese 

multinational parents with subsidiaries abroad, thus preventing us from being able to study the 

performance of those types of firms. Furthermore, whereas CIS 4 surveys whether a firm 

exports or not, it does not report the export intensity, although for exporters it allows us to 

split export destinations between European Union (EU) countries and other destinations. 

Thus, given the data availability, we created four levels for global engagement of 

Portuguese firms:7 (i) Global Multinationals (GM), which are subsidiaries8 (of foreign firms) 

located in Portugal and which export – this being the group of most globalized firms in the 

data, (ii) Internal Multinationals (IM), which are subsidiaries of foreign firms located in 

Portugal but which do not export, (iii) Exporters (EXP), which do not belong to foreign 

groups and which export; and, (iv) Purely Domestic (DOM), which neither export nor are part 

of a multinational. Our CIS 4 benchmark sample has 4,815 firms: 353 GM (7.3% of the 

sample), 131 IM (2.7%), 1,904 EXP (39.6%) and 2,427 DOM firms (50.4%). 

Table 3.1 shows that there are clear basic differences in overall performance across 

these four groups: average “size” (measured by classes of employment level), average output 

growth (2002-2004) and average output level (2004) are highest for GM, followed by IM and 

                                                 
3 The CIS is a voluntary, survey but in the Portuguese CIS 4 the overall response rate was higher than that 
obtained, for example, in CIS 4 for the U.K. (42%). 
4 On average, firms spent about 2% of their global turnover in innovation input. The portion of innovative firms 
is greater than 75% for R&D services, communications, technical analysis, chemicals and petrol, but in other 
sectors it is lower than 30%: apparel, textiles and leather industries. Of all innovators, 10% had received public 
financing or even public subsidies.  
5 We were not allowed to access the real number of employees but only the four groups of total firms’ 
employment: group 1 (5 to 9 employees), group 2 (10 to 49), group 3 (50 to 249) and group 4 (more than 250). 
6 According to the CIS definition “Group is a bunch of firms linked by legal and financial ties”.  
7 Data do not allow us to recognize which Portuguese firms have FDI, which would permit a wider analysis of 
global engagement. 
8 In line with Birkinshaw (1997), subsidiaries are identified as operational units controlled by the Multinational 
headquarters and located outside the home country. 
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EXP, all far above the DOM firms. Given the limitations of the data employed we are not able 

to compute “labour productivity of firms” as we have no access to the exact number of 

workers. We can, nevertheless, divide each of the four groups’ average turnovers by each 

firm’s group labour dimension (average size) and obtain a proxy for labour efficiency. The 

global results follow the same pattern: GM and IM have “labour productivity” levels four 

times higher than DOM firms; EXP almost doubles the performance of DOM firms. 

 

Table 3.1.: Summary statistics on innovation performance 
 

Sub-sample “Average 
Size” 

Average Output 
(thousands of €) 

Average Output 
growth 2002-2004 (%) 

Output / “Size” 
(thousands of €) 

GM 3.03 67,424 15.45 22,252 

EXP  2.46 23,848 11.40 9,694 

IM 2.80 59,653 13.29 21,305 

DOM  2.22 12,453 -16.28 5,609 

All  2.39 22,301 2.65 9,331 
Source: Own calculations 

 
There is also certain heterogeneity in the distribution of each type of firm through the 35 

different two-digit codes of economic activity. GM firms are mainly involved in wholesale 

retail, services to firms and manufacture of vehicles, trailers and semi-trailers. EXP firms are 

involved in the afore-mentioned sectors and also in textile manufacturing, manufacture of 

wearing apparel and fur dressing and dyeing. More than half of IM firms are involved in 

services to other firms, including insurance companies. 

 
Knowledge output 

In line with Pavitt (1982), the use of several knowledge output measures occurs due to the 

assumption that there is no single measure to assess innovation activities. Table 3.2 shows the 

higher knowledge output level of the more internationally engaged firms in comparison to the 

poorer performance of DOM. Whatever measure is used, IM firms are better than DOM firms; 

EXP are better than IM and DOM firms and GM are the best. 

“Innovation of Product or Process”9 is an indicator that assumes value one if a firm 

undertakes any product or process innovation (excluding purely organizational innovations).10 

According to the third Oslo Manual of OECD and EUROSTAT (2005), the definition of 

innovation refers to new products or services for each firm, but not necessarily to the market. 

                                                 
9 This is a composite variable that aggregates the answers to product innovation or process innovation. 
10 See Table A.1. in Appendix A for detailed definitions of the variables used and the associated CIS questions. 
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It states: “The minimum requirement for an innovation is that the product, process, marketing 

method or organization method must be new to the firm” (Oslo Manual, p. 46). DOM firms 

report only half the innovations undertaken by GM and only two thirds of those produced by 

EXP. When we split innovation into innovation in products and innovation in processes, the 

greater differences between domestic and more globally engaged firms are observed in 

respect to products. In fact, DOM firms present almost the twice as many process innovations 

in comparison with their own product innovations. 

 
Table 3.2.: Knowledge outputs (mean values) 

 

Sub-sample 
Innovation 
Product or 

Process 

Product 
Innovation 

Process 
Innovation IPPOM Innovation 

Protection 

Novel Sales 
(thousands 

of €) 

GM 66% 48% 60% 83% 27% 7,570 

EXP 50% 33% 41% 69% 21% 2,164 

IM 48% 31% 37% 77% 21% 2,442 

DOM 33% 17% 29% 53% 10% 878 

All  43% 27% 36% 62% 16% 1,921 
Source: Own calculations 
Notes: values are the percentages of firms that report that type of innovation in comparison with all the firms of 

the group. 
 
If we add Organizational Innovation (as a result of strategic decisions of each firm) and 

Innovation of Marketing (design, distribution, pricing and promotion) to the previous 

components, we obtain the second and largest knowledge output measure.11 By aggregating 

the queries concerning firms’ Innovation on Product, Process, Organization and Marketing 

(IPPOM), differences between groups are reduced and IM becomes the second most 

innovative group, overcoming EXP. 

“Innovation Protection” is a binary variable that is equal to one if the firm either applied 

for patents or trademarks and copyrights for industrial design. DOM firms only mention a 

third of the protection measures undertaken by GM and only half of those undertaken by EXP. 

Finally, knowledge output is measured by “Novel Sales” (sales of new and improved 

products; the novelty of the product refers to the firm’s own universe or to the market – 

domestic or global – with which the firm operates). Only 25% of sample firms reported Novel 

Sales. DOM firms present a knowledge level output that is a ninth of GM’s and a third of 

EXP’s performance. 

 

                                                 
11 Although not used in the following sections of this chapter. 
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Knowledge input 

Concerning knowledge inputs, the same patterns of differentials are observed: more globally 

engaged firms use more inputs in producing new ideas. Knowledge inputs are captured either 

by R&D expenses or by non-R&D expenses. Intramural R&D Expenses refers to the creative 

work of personnel guiding the knowledge increase and to investment spending on buildings 

and specific equipment for R&D activities. Extramural R&D Expenses refers to the 

acquisition of R&D from either public or private institutions. Non-R&D Expenses may 

include the acquisition of equipment, machinery, software and hardware specifically to 

produce new products or services, and also expenses for other forms of external knowledge – 

buying or licensing of patents or rights. 

As reported in Table 3.3, for Intramural R&D expenses, GM presents a seven times 

higher level and EXP a three times higher level than DOM firms. The differences for 

Extramural R&D are even more pronounced. EXP firms present higher R&D expenses than 

IM, but as far as Non-R&D Expenses are concerned their position is inverted. In Total 

Innovation Expenses the differences between the groups of firms are quite similar.12 

 

Table 3.3.: Knowledge inputs (mean values) 

Sub-sample 

Intramural 
R&D 

(thousands 
of €)  

Extramural 
R&D 

(thousands 
of €) 

Non R&D 
expenses 

(thousands 
of €) 

Total 
Innovation 
expenses 

(thousands 
of €) 

Innovation 
effort 

intensity 
(%) 

 

Personnel 
Training 

(% of 
firms) 

GM 163 94 607 864 1.28% 57.5% 

EXP 63 21 260 344 1.44% 33.6% 

IM 20 8 274 302 0.50% 40.5% 

DOM 23 6 102 131 1.05% 25.7% 

All  49 18 207 274 1.22% 32.8% 
Source: Own calculations. 
Notes: Innovation effort intensity means the ratio of total innovation expenses to turnover.  
Personnel Training is the binary dummy variable equal to one if, as defined by CIS 4, the employees receive 
internal or external training specifically oriented to the development and introduction of new products or 
processes or of highly improved ones. 

 
Given the possibility that the superiority of more global firms may reflect their greater 

size, we also study the behaviour of “Innovation Effort Intensity”, which represents the share 

of Total Innovation Expenses in each firm’s turnover. In contrast with previous results we 

find that on the one hand EXP firms show the highest innovation effort intensity, while on the 

                                                 
12 In Portugal, the non R&D expenses in innovation account for three quarters of all innovation expenses. 
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other hand DOM firms present an unexpectedly high value compared to IM and GM firms. 

This may be explained by the fact that both GM and IM firms may rely on their parent firms’ 

innovation efforts. 

In the light of the unavailability of data on R&D personnel, we used the percentage of 

firms of each group that reported internal or external personnel training specifically oriented 

to the development and introduction of new products or processes. More than 50% of all GM 

firms report having achieved that type of personnel training, but only a quarter of DOM firms 

report implementing personnel training for Innovation. 

 

Sources of knowledge information 

Given the fact that not all the variation in knowledge outputs can be accounted for by 

variation in knowledge inputs, it is important to study how and where firms acquire 

information on knowledge improvements, and how important those sources are. In CIS 4, 

each innovative firm was asked to report where any valuable information for innovation came 

from and what the importance of that source was: high (code 3), medium (code 2), low (code 

1) or null (code 0). 

Table 3.4 shows the mean values of these answers, considering the information origin: 

Internal to firms (including all information internal to the firm or to the group), from 

Suppliers and Clients (“vertical type”), from Universities and Polytechnics and other interface 

organisations, from Government laboratories and institutions, from Competitors, from “free 

access sources” including information obtained from Conferences, Scientific publications, 

Professional meetings and finally from Private consulting. 

 
Table 3.4.: Knowledge flows (mean values)   values: units 

 

Sub-
sample 

Inter
nal 

Suppli
ers 

Clien
ts 

Unive
rsities 

Gover
nment 

Comp
etitors 

Confer
ences 

Scien
tific  

Profes
sional 

Consul
tants 

All 
sources 

GM 0.88 1.13 0.98 0.73 0.66 1.18 1.26 1.14 1.14 0.90 1.00 

EXP 0.76 0.89 0.85 0.59 0.53 0.64 0.90 0.95 0.90 0.63 0.90 

IM 0.62 0.87 0.82 0.39 0.38 0.82 0.69 0.75 0.72 0.53 0.67 

DOM 0.53 0.61 0.59 0.29 0.25 0.61 0.61 0.60 0.55 0.38 0.50 

All 0.65 0.77 0.73 0.44 0.40 0.79 0.77 0.79 0.74 0.52 0.59 

Source: Own calculations 
Notes: Each variable is a categorical indicator of how important a different knowledge source is to the firm’s 
innovation activity. Each of them takes four possible values: 0, 1, 2, 3; higher values have greater importance as 
an information source. For each cell, there is the mean of each sub-sample. “All sources” represent the average 
of all types of sources. In the table we report the mean values for each group of firms. 
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In general, GM learns twice as much and EXP learn 1.8 as much as DOM firms. The 

difference is even more evident in learning from universities and government institutions. On 

the other hand, DOM firms find their highest level of learning in clients and suppliers and 

their lowest level in such “formal sources” as government and universities. 

 
Overall knowledge statistics 

The four groups of firms differ in all three areas of KPFs: knowledge outputs, knowledge 

inputs and access to flows from existing knowledge. These results confirm the fact that firms 

use and exploit the existing stock of knowledge and flows in different ways. 

The data in Table 3.5 also show that more globally engaged firms have higher 

“knowledge output productivity”. Using “Novel Sales per intramural R&D expenses”, GM 

display an “innovation productivity” four times as great as DOM firms, which represents 

twice the level of EXP. This suggests that innovation resources may display different levels of 

efficiency depending on firms’ global engagement levels. 

 

Table 3.5.: Knowledge output productivity 
 

Sub-sample Novel Sales per Intramural 
R&D Expenses (€) 

Novel Sales per Total 
Innovation Expenses (€) 

GM 56 9 

EXP 26 6 

IM 44 8 

DOM 14 6 

All  23 7 
Source: Own calculations 

 
CIS also allows us to ascertain whether a firm participates in active innovation projects 

with other firms or non-commercial institutions. Firms were also encouraged to state which 

collaboration partner was the most crucial from a list of other firms in the group, suppliers, 

clients, competitors, private consultants, universities and polytechnics, government 

laboratories and public R&D institutions. 528 firms answered this questionnaire. Suppliers 

(25% of all answers), other firms of the same group (23%) and clients (18%) were the sources 

of co-operation most cited. Looking at the partnerships formed by EXP the most crucial 

partners were clients and suppliers, each indicating 23% of all co-operation agreements. This 

could mean that exporting firms learn more in knowledge terms from clients and suppliers. 

On the other hand, it was possible to recognize that the lack of information was the 

main obstacle firms faced concerning innovation ability. The shortage of market information, 
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the lack of innovation partnerships and scarcity of skilled personnel were also handicaps 

impeding more innovation. As regards the usefulness of innovation as perceived by the 

respondents, by far the largest proportion of answers identified labour cost reduction and 

higher flexibility in production as the most important effects, thus suggesting the possibility 

of productivity improvements. 

 

3.4. Estimation issues and econometric strategies 

At the estimation level, given the different nature of the three measures of knowledge output, 

different econometric estimators were required. Innovation – Product or Process and 

Innovation Protection are binary variables assuming only zero or one values, but Novel Sales 

is a continuous non-negative, although frequently assuming zero values. 

For the two binary variables Innovation – Product or Process and Innovation Protection 

we estimate several KPF versions using probits (and also logits, but these are not reported). 

We report the marginal effects on the dependent variable, at the mean values of the regressors, 

and we also present the standard errors of marginal effects. The aim is to report the ceteris 

paribus effect of a unit increase in the independent variable studied on the probability that the 

dependent variable equals one. Estimations are computed using maximum likelihood method. 

Endogeneity may be important in these estimations. Some regressors, namely those 

connected with knowledge inputs, may be correlated with the regression error term. Some 

unobserved determinants of innovation success can also affect knowledge level inputs. This 

can result from certain unobserved firm fixed effects, such as a highly-valued R&D culture or 

a high propensity for new ideas and organizational changes. It can also arise from time-

varying effects, for example a high (but short run) firm managerial talent or a country-

favourable innovation policy. In order to minimize those handicaps, we use a common set of 

control variables for all estimations: in particular, industry and service dummies, size 

(measured by the same categories of level of employment) and public support for firms’ 

innovation.13 Furthermore, our global-engagement regressors have the advantage that they 

may proxy for unobserved firms’ effects such as their managerial ability. Other recommended 

strategies to deal with endogeneity, such as instrumental variables or panel data methods, 

were hindered due to limitations on data availability (e.g., R&D personnel, skill-level of the 

personnel and the fact that other CIS data waves were not available).14 

                                                 
13  We also include, although not reported, a dummy variable for firms that employ Personnel Training 
specifically oriented to innovation. 
14 GPEARI/MCTES denied the handing out of data invoking confidentiality issues. 
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With regard to the fourth innovation measure, Novel Sales, given the fact that this 

variable, while being a continuous non-negative, equals zero for many firms, we estimate 

KPF using the tobit model (censored regression model). As in many censored regression 

models, a change in a certain independent variable has two kinds of effects: a change in the 

mean of the dependent variable, given that it is already observed, and also a change in the 

probability of the dependent variable’s being observed (given the fact that it has not been yet). 

In order to obtain the marginal effects of interest, we use the McDonald and Moffit (1980) 

decomposition to report marginal effects conditional on positive Novel Sales; i.e., the former 

kind of effect. In order to perform it in Stata 10, we followed Cong (2001) and Kang (2007). 

Estimation of KPF raises some measurement issues that have been previously discussed 

in Criscuolo et al. (2005). Possible measurement errors in regress and (output knowledge) and 

regressors (input and knowledge flows) may arise. Moreover, the answers to the survey may 

be question and context dependent. Nevertheless, the richness of our data plus the fact that 

they are direct and importance-weighted data gives us the possibility of controlling for many 

possible biases from the omission of relevant variables in KPF specification. 

 

3.5. Estimation results 

Tables 3.6 to 3.8 report the estimates of three KPF versions that are associated with the three 

different measures of knowledge output that we use: Innovation – Product or Process, 

Innovation Protection and Novel Sales, respectively. In addition, and as a robustness check, in 

Table A.2. of Appendix A, we present the estimates for Sales Share of Novel Sales (i.e., Novel 

Sales/Turnover). For each version of KPF function we estimate five different specifications, 

always reporting marginal effects of the regressors on the dependent variable. In all 

specifications the variable DOM is excluded as regressor, since these firms are our reference 

group in all analyses. 

Regression 1 uses as independent variables the three global engagement levels: GM, 

EXP, IM. Next, we consider as additional independent variables either Intramural R&D or 

Total Innovation Expenses, in regressions 2 and 4, respectively. Finally, regressions 3 and 5 

include ten additional independent variables that capture knowledge information flows. To 

help control cross-firm differences that may impact on a firm’s innovative performance, all 
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regressions include as control variables: public support to firms innovation;15 35 two-digit 

industry or service dummies and 4 classes of firm size.16 

We also tested for the three KPF versions the use of a different input variable: 

Intramural R&D per unit of Turnover, in order to assess the different efficiency of inputs. 

General results are broadly unchanged and moreover that variable is weakly significant. 

 

3.5.1. Estimation of Knowledge Production Function for “Innovation – Product or 

Process”. 

Table 3.6 reports the estimates for the five different specifications used to study the 

Knowledge Production Function for Innovation -Product or Process. 

In column 1, the estimates show that all globalization indicators are positive and 

statistically significant, and their values suggest that the more globalised firms have a higher 

probability to innovate than the less globalised ones. We detect that GM are 25 percentage 

points (p.p.) more likely to innovate than the omitted DOM firms. For exporters, the 

advantage over DOM is of 14 p.p..  

In column 2 we add one knowledge input indicator, Intramural R&D Expenses. It is 

positive and statistically significant. Coefficients of the global engagement indicators are now 

slightly reduced, which means that differences in the dependent variable (Innovation – 

Products or Processes) are not primarily explained by these knowledge input differences. By 

using an alternative knowledge input indicator in column 4, we note that global engagement 

indicators are reduced by two thirds, suggesting that Total Expenses in Innovation are more 

significant in explaining innovative performance than Intramural R&D expenses. 

Column 3 reports the regressions that include the 10 variables capturing knowledge 

information–flows. Overall, the estimates confirm the hypothesis that information knowledge 

flows contribute positively to the innovation output. Seven in ten sources of knowledge 

information considered are statistically significant, with special relevance for internal sources, 

suppliers and clients. The coefficients of international engagement are now even smaller than 

in regression 2; the GM coefficient is reduced by about a quarter and the EXP coefficient is 

reduced by about two thirds. The latter suggests that EXP firms’ access to and use of 

information knowledge flows may be particularly relevant to their innovation output. 

                                                 
15 This ordinal variable is measured by the number (0, 1, 2 or 3) of sources of support for firms’ innovation 
(government, local authorities and/or EU). 
16 We also consider that the skill-level of the employees of a firm is a relevant control variable. Since we did not 
have access to data for this variable, we have used, as a proxy, the binary dummy Personnel Training. This 
dummy is defined in the notes of Table 3.3. Considering this proxy, the general results remain broadly 
unchanged. 
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Information from universities and “free sources” is significant but has minor impact. On the 

other hand, information from government institutions, private consulting firms and 

professional sources is neither statistically nor economically relevant. 

 

Table 3.6.: Estimates of Knowledge Production Function for “Innovation – Product or Process”  
 (1) (2) (3) (4) (5) 

GM 
0.250 

(0.0290) 

0.236 
(0.0300) 

0.189 
(0.055) 

0.0770 
(0.0310) 

0.181**  
(0.0570) 

EXP 
0.138 

(0.0160) 

0.136 
(0.0160) 

0.043* 
(0.0260) 

0.059 
(0.0230) 

0.045* 
(0.0290) 

IM 
0.096**  
(0.0480) 

0.090* 
(0.0510) 

0.160 
(0.0610) 

0.0280+ 
(0.0260) 

0.148* 
(0.0680) 

Intramural R&D (thousands €)  0.0008* 
(0.0004) 

0.0000010+ 
(0.00003) 

  

Total Expenses in Innovation  
(thousands €) 

   0.0012 
(0.0001) 

0.0003**  
(0.0001) 

Internal Info.    0.297 
(0.0300) 

 0.294 
(0.0030) 

Clients Info.   0.100 
(0.025) 

 0.102 
(0.0260) 

Supply Info.    0.232 
(0.0240) 

 0.231 
(0.0250) 

Private Consulting Info.   -0.011+ 
(0.0210) 

 -0.013+ 
(0.022) 

University & Polytechnic Info.   0.066 
(0.0250) 

 0.065**  
(0.0260) 

Government Info.   -0.004+ 
(0.0250) 

 -0.004+ 
(0.0260) 

Conferences, Exhibitions Info.   0.066 
(0.0250) 

 0.065 
(0.0260) 

Scientific Info.   0.050* 
(0.0240) 

 0.052* 
(0.0240) 

Professional Info.   0.019+ 
(0.0200) 

 0.018+ 
(0.021) 

Competitors Info.   0.087 
(0.0210) 

 0.086 
(0.0220) 

Size 
0.073 

(0.0110) 

0.064 
(0.0110) 

0.034**  
(0.0190) 

0.009* 
(0.00680) 

0.014+ 
(0.0200) 

Public Support 
0.476 

(0.0600) 

0.420 
(0.0540) 

0.045+ 
(0.0420) 

0.170 
(0.0640) 

0.004+ 
(0.0440) 

Observations 4,815 4,815 4,815 4,815 4,815 

Wald chi2  269 269 1,237 211 1,240 

Prob > Chi2  0.0000 0.0000 0.0000 0.0000 0.0000 
Source: Own calculations 
Notes: Each column is a differently estimated specification, and each line reports the marginal effects for that regressor as 
estimated by probit. Robust standard errors appear below the coefficients’ estimates. We compute the estimation of 
marginal effects at the mean values of the regressors. All specifications include an additional (not reported) control variable: 
two digit industry / service dummies. * and **  mean statistical significance at 10% and 5%, respectively; + means not 
statistically significant; if nothing is mentioned, all estimates are statistically significant at the 1% level. Excluding 
regression (1), we also use as accessory variable the square of the input variable; results, available upon request, show that 
general conclusions are not changed. Estimations were obtained with Stata 10 software. 
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In column 5 the regression uses Total Expenses in Innovation as an alternative 

knowledge input indicator, and generally the estimates confirm the results found in regression 

3. Overall, all these regression results confirm both the global engagement hypothesis and the 

importance of the two control variables: Public Support and Size.17 

 
3.5.2. Estimation of Knowledge Production Function for “Innovation Protection”. 

Table 3.7 reports the estimates for the five different specifications used to study the 

Knowledge Production Function for Innovation Protection (patent appliances, utility model 

appliances, trademarks and copyrights). 

In the first specification (column 1) we run Innovation Protection on globalization 

indicators and control variables. Estimates show that all globalization indicators are positive 

and statistically significant and their values reveal that the more globalized firms have a 

higher probability of protecting innovations than the less globalized ones. The coefficient on 

GM indicates that those firms are 13 pp more likely to protect innovations relative to the 

omitted purely domestic firms. EXP firms are 10 p.p. more likely to protect innovations than 

the domestic firms. 

In column 2, the regression adds Intramural R&D Expenses, which is positive and 

statistically significant. In column 4, the regression uses an alternative variable, Total 

Expenses on Innovation, but as in the previous case the coefficients of the international 

indicators are almost unchanged, which means that differences in the dependent variable 

(Innovation Protection) are not primarily explained by input differences. 

Once one adds in the ten knowledge information-flow variables one can see that the 

coefficients of global engagement present a slight decrease (columns 3 and 5). Moreover, 

only private consulting and professional and government information are statistically 

significant. These two facts clearly suggest that the information-flow variables have a small 

role in explaining firms’ ability to protect innovation. Moreover, control variables Size and 

Public Support on Innovation still have an important positive role in the explanation of actual 

variation across firms. Overall, all these regression results still confirm the global engagement 

hypothesis. However, the Innovation - Protection is not as dependent on the global 

engagement of firms as was found in the Innovation – Product or Process. 

 

 

                                                 
17 Additionally, we tested, with similar results, another size variable using dummies for each of the four size 
categories.  
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Table 3.7.: Estimates of Knowledge Production Function for “Innovation Protection”  

 (1) (2) (3) (4) (5) 

GM 
0.132 

(0.0270) 

0.128 
(0.0270) 

0.091 
(0.0250) 

0.130 
(0.0100) 

0.093 
(0.0250) 

EXP 
0.100 

(0.0110) 

0.098 
(0.0120) 

0.079 
(0.0120) 

0.099 
(0.0120) 

0.080 
(0.0120) 

IM 
0.103 

(0.0420) 
0.106 

(0.0420) 
0.095 

(0.0400) 
0.103 

(0.0400) 
0.092 

(0.0400) 

Intramural R&D (thousands €)  
0.0001 

(0.00004) 
0.00006 
(0.00002) 

  

Total Expenses in Innovation 
(thousands €)    

0.000003**  
(0.000002) 

0.000002+ 
 (0.000002) 

Internal Info   
-0.002+ 
(0.0080) 

 
0.007+ 

(0.0090) 

Clients Info   
0.004+ 
(0.008) 

 
0.003+ 
(0.008) 

Supply Info   
0.0096+ 
(0.0090) 

 
0.010+ 
(0.0090) 

Private Consulting Info   
0.013**  
(0.0060) 

 
0.013**  
(0.0050) 

University & Polytechnic Info   
0.0047+ 
(0.0075) 

 
0.006+ 
(0.0070) 

Government Info   
0.010* 

(0.0070) 
 

0.009**  
(0.0073) 

Conferences, Exhibitions Info   
0.007+ 
(0.0080) 

 
0.007+ 
(0.0080) 

Scientific Info   
0.0038+ 
(0.0080) 

 
0.004+ 
(0.0080) 

Professional Info   
0.014**  
(0.006) 

 
0.016**  
(0.007) 

Competitors Info   
0.006+ 
(0.006) 

 
0.050+ 
(0.006) 

Size 
0.048 

(0.0070) 
0.043 

(0.0072) 
0.031 

(0.0070) 
0.047 

(0.0070) 
0.033 

(0.0070) 

Public Support 
0.069 

(0.0100) 
0.060 

(0.0120) 
0.026**  
(0.0110) 

0.067 
(0.0110) 

0.032**  
(0.0110) 

Observations 4,815 4,815 4,815 4,815 4,815 

Wald chi2 234 230 379 232 382 

Prob > chi2 0,0000 0,0000 0,0000 0,0000 0,0000 

Source: Own calculations 
Notes: see notes in Table 3.6. 
 
 

3.5.3. Estimation of Knowledge Production Function for “Novel Sales” 

Table 3.8 reports the estimates for the five different specifications used to study the 

Knowledge Production Function for Novel Sales.  
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Table 3.8.: Estimates of Knowledge Production Function for “Novel Sales”     Unit: € 

 (1) (2) (3) (4) (5) 

GM 
6.902.512 
(1.211.844) 

6.778.114 
(1.201.407) 

3.886.119 
(793.677) 

6.631.781 
(1.149.034) 

3.809.126 
(763.328) 

EXP 
3.224.619 
(757.447) 

3.197.151 
(756.980) 

1.446.662 
(460.695) 

3.164.698 
(754.729) 

1.434.692 
(461.351) 

IM 
2.571.090**  
(1.141.183) 

2.619.308**  
(1.139.108) 

1.961.906**  
(952.268) 

2.547.325**  
(1.131.200) 

1.900.967**  
(955.296) 

Intramural R&D (thousands €)  
892* 
(353) 

605 
(235) 

  

Total Innovation Expenses 
(thousands €) 

   
260**  
(0.100) 

160**  
(0.070) 

Internal Info   
1.078.614 
(277.774) 

 
1.066.805 
(288.922) 

Clients Info   
383.561* 
(200.646) 

 
326.482* 
(199.005) 

Supply Info   
1.202.279 
(282.963) 

 
1.244.162 
(283.883) 

Private Consulting Info   
-8.666+ 

(137.809) 
 

-23.212+ 
(137.233) 

University & Polytechnic Info   
460.247 
(162.970) 

 
470.181 
(162.060) 

Government Info   
297.211+ 
(227.330) 

 
248.713+ 
(223.949) 

Conferences, Exhibitions Info   
543.097**  
(244.596) 

 
545.839**  
(245.367) 

Scientific Info   
876.166 
(252.075) 

 
870.930 
(250.101) 

Professional Info   
98.758+ 
(150.452) 

 
111.130+ 
(150.902) 

Competitors Info   
926.922 
(240.459) 

 
938.886 
(241.388) 

Size 
1.665.308 
(413.614) 

1.574.231 
(405.230) 

782.581 
(259.201) 

1.572.377 
(405.027) 

795.797 
(261.044) 

Public Support 
2.982.656 
(518.280) 

2.710.994 
(503.339) 

635.987**  
(284.680) 

2.710.994 
(503.339) 

679.145**  
(289.464) 

Observations 4,815 4,815 4,815 4,815 4,815 

F-statistics  7 6 4 6 4 

Prob > chi2 0,0000 0,0000 0,0000 0,0000 0,0000 
Source: Own calculations 
Notes: Each column is a differently estimated specification, and for each line we report the marginal effects for that regressor 
as estimated by tobit. For each specification we present the marginal effects conditional on non-zero values for Novel Sales. 
See also notes in Table 3.6. 

 
In regression 1 the three globalization indicators are positive and statistically significant, 

and their values reveal that the more globalized firms generate more Novel Sales than the less 

globalized ones, which is in line with the conclusions obtained in the other two KPF versions. 

The estimates show that, conditional on Novel Sales being non-zero, the transformation of a 
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DOM firm to a GM firm generated, ceteris paribus and on average, a surplus of seven million 

Euros of Novel Sales. For exporters this advantage is of three and a half million Euros. In 

column 2 we add Intramural R&D expenses. It is positive and statistically significant. In 

column 4 we use the alternative knowledge input indicator. The results show that, conditional 

on Novel Sales being non-zero, each additional euro spent on Intramural R&D has the ability 

to generate four times as many new sales than each euro spent on Total Innovation Expenses. 

This suggests that Total innovation expenses are less effective in generating Novel Sales than 

firms’ own R&D expenses. 

In regressions 3 and 5 the coefficients of all knowledge information-flow variables are 

statistically significant and they have a positive impact on Novel Sales with the exception of 

private consulting information. The global engagement indicators falls by 50% once the 

knowledge informational-flow variables are introduced. The most relevant informational 

flows are suppliers, internal information and scientific sources. Free sources are also vital. 

The impact of clients is inferior to that found in two previous KPF versions.  

Bearing in mind estimates in Tables 3.6, 3.7 and 3.8, we can state that the subsidiaries of 

multinationals have a higher propensity to innovate than exporters. Indeed, looking at 

columns 3 and 5, we observe that IM coefficients are systematically higher than EXP 

coefficients. 

 
3.6. Innovation accounting 

This section presents an attempt to evaluate the relative importance of knowledge inputs and 

of knowledge information flows, in explaining differences in knowledge output across groups 

of firms with different levels of global engagement. In general, innovation accounting tries to 

establish how much of the higher innovation-output level of the more global firms, in 

comparison with DOM firms, is explained by: (i) their higher use of the knowledge input 

Intramural R&D expenses,18 (ii) their higher ability to access and use knowledge flows, and 

(iii) their globalized nature, which means what is left unexplained by (i) and (ii).19 Table 3.9 

presents innovation accounting statistics for each of the used Innovation output indicators.20 

As an example, when we search for Innovation-Product or Process, we observe in 

Table 3.6 (column 1) an estimate suggesting that GM firms have a 25 p.p. higher probability 

                                                 
18 Albeit not reported we also tested the alternative knowledge input indicator – Total innovation expenses – with 
similar results.  
19 Eventually, meaning the high efficiency connected with the nature of more globalized firms in translating 
Intramural R&D expenses and knowledge information flows into innovation outputs. 
20 In these statistics we do not consider the estimates of the usual control variables. For this reason the sum of the 
shares is not equivalent to 100%. 
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of innovating than DOM firms. The innovation accounting splits this advantage of GM firms, 

in terms of the share due to differences, between GM and DOM firms, in Intramural R&D 

Expenses, and the share due to differences in the use of knowledge information flows. For 

that purpose we multiply the estimates in Table 3.6 (column 3) by the actual differences 

observed both in Intramural R&D Expenses (Table 3.3) and in the use of knowledge 

information flows (Table 3.4). Table A.3. of Appendix A presents the procedures used to 

compute these values, which are later reported in Table 3.9 (column 1, rows 1 to 3).21 

When we look at values reported in Table 3.9, several conclusions arise. Firstly, our 

KPF estimates seem suitably to explain the differences, in actual data, between the different 

groups of firms, as estimated differences are similar to their actual values. As regards the 

innovation accounting of the Innovation – Product or Process, similar results for GM and 

EXP firms are arrived at. For both groups, the use of knowledge information flows explains 

most of their superior innovation output. In the case of the Innovation Protection variable the 

share of Intramural R&D Expenses is higher than that found in the other two innovation 

functions, but is still small. In turn, the globalized nature of GM and EXP firms is the most 

important factor for their superior innovation output. As for Novel Sales, both GM and EXP 

firms show similar patterns of innovation accounting. Their superior innovation output is 

mainly due to their use of information flows and their globalized nature, in almost equal terms. 

Moreover, it is to be noted that knowledge information flows are clearly more important 

than Intramural R&D expenses, for all the KPF versions. However, the absorptive capacity of 

a firm, in order to take advantage of knowledge flows, depends critically on realised 

innovation inputs. Therefore, the importance of the expenses on R&D is higher than values 

suggest. 

Although not reporting it while computing innovation accounting, we notice that the 

importance of each knowledge information flow varies across the three KPF versions. On the 

one hand, suppliers, clients and internal sources are dominant for Innovation – Product or 

Process; on the other hand, for Innovation Protection private consultants and government are 

accorded greater importance. As far as Novel Sales are concerned, suppliers and internal 

sources, together with scientific sources, are the most significant. 

 

 

 

                                                 
21 Although not reported, similar procedures and computations are made for Innovation Protection and Novel 
Sales. 
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Table 3.9.: Innovation accounting statistics 
 

Source: Own calculations 
Notes: The shares do not add up to 100% because the effects associated with control variables are not 
considered. 

 
3.7. Concluding remarks 

In line with a recent trend in trade literature, this chapter applies, for the first time to 

Portuguese firms, a new means of assessing the relationship between innovation performance 

and the international exposure of firms. To our knowledge, there are only two similar 

previous studies, using data for the U.K. and German firms, which concluded that the more 

internationally engaged firms are more innovative. This study uses a Knowledge Production 

Function framework and data from the European Community Innovation Survey, 2002-2004, 

for Portuguese firms, to test those alleged and expected connections, known in the literature 

as the Global Engagement hypothesis. We argue that the test confirms that hypothesis. 

This study shows that Portuguese firms that are more globally engaged have a higher 

ability to innovate. Moreover, as the level of global engagement rises, that superiority 

increases – GM firms are the best in all knowledge output indicators. These results arise from 

their higher use of knowledge inputs – Intramural R&D Expenses or Total Innovation 

Expenses – from their greater access to a larger stock of ideas – knowledge information flows 

 Innovation Innovation 
Protection Novel Sales 

Actual difference between GM and 
DOM firms (Table 2) 33 p.p. 17 p.p. 6.692.000€ 

Estimated difference between GM and 
DOM firms (Tables 6, 7 and 8) 26 p.p. 14 p.p. 7.076.000€ 

GM Share of Intramural R&D 
expenses 1% 7% 1% 

GM Share of Knowledge Information-
Flows  141% 8% 36% 

GM Share left unexplained 72% 66% 54% 

Actual difference between EXP and 
DOM firms (Table 2) 17 p.p. 11 p.p. 1.286.000€ 

Estimated difference between EXP 
and DOM firms (Tables 6, 7 and 8) 15 p.p. 11 p.p. 3.561.000€ 

EXP Share of Intramural < 1% 4% 0.2% 

EXP. Share of Information-Flows  144% 8% 41% 

EXP Share left unexplained  28% 52% 42% 

IM Share of Intramural  Not significant Not significant -0.2% 

IM Share of Information-Flows  Not significant Not significant 37% 

IM Share left unexplained  Not significant Not significant 67% 
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– and from their globalized nature. Those results were consistently confirmed in each of the 

three knowledge production functions used to test the Global Engagement hypothesis: 

Innovation – Product or Process; Innovation Protection and Novel Sales. 

This study also finds that the access to knowledge information flows has a 

systematically higher impact on innovation ability than knowledge inputs, which is in line 

with previous studies. Moreover, our study reveals that the importance of knowledge 

information sources varies with both the type of innovation output indicator considered and 

the level of firms’ global engagement. In fact, Portuguese firms access the global knowledge 

stock through three main channels: their internal pool of information (especially for 

multinational firms), their market contacts with clients, suppliers (especially for exporters) 

and competitors, and also their wider access to free information sources such as scientific 

publications, fairs, conferences or professional activities. 

On the other hand, those outcomes have allowed us to uncover the weakness of some 

models that argued that knowledge was a public and free good, always available to the world. 

In fact, in our study, we were also able to verify that existing knowledge stock is not 

uniformly accessible throughout the world, and that the more engaged firms have both more 

access to it and a higher capacity for taking advantage of it. This logic is often called the 

“paradox of openness” (Laursen and Salter, 2007). On the one hand, the innovation creation 

requires firms’ “openness”, resulting in additional importance for the ability to access and 

adopt others’ ideas – knowledge information flows – and on the other hand, in order to apply 

and benefit from those innovations, firms also need to obtain returns from their innovative 

ideas, which in turn requires their own internal effort and appropriability capacity. 

We are conscious that there are also other organizational and environmental aspects that 

the Knowledge Production Function framework does not capture and which may be of 

importance in explaining the alleged innovation superiority of the most globally engaged 

firms. Nevertheless, in spite of both data and methodological handicaps, our findings may 

contribute to a better understanding of the creation process of new ideas, and in this context to 

the understanding of what is so special about more globally engaged firms, given their greater 

ability to develop and use more knowledge. 

Future developments in this area of research could lead to exploring the determinants of 

the differences in productivity between more and less globalized firms. In fact, assuming that 

one of the main causes of the differences between firms’ productivity is different innovative 

abilities, the present study could also serve to raise interest in future analyses linking 

productivity to global engagement levels of Portuguese firms. 
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Chapter 4 

The importance of Human Resources to the innovative capacity of 

Portuguese firms*† 

 

 

 

 

 

Abstract: In this study we test the importance of several Human Resource variables to the innovation 

capacity of Portuguese firms but also the effects that the innovation process generates on Human 

Resources. A branch of the innovation literature states that the ability of firms to innovate relies on an 

innovative capacity, which, in turn, depends on several factors, both internal and external to 

enterprises. One of those factors is the effort of firms to train their personnel specifically in order to 

enable them to innovate. The present test is applied to 4815 Portuguese enterprises for the period 

2002-2004 through the use of the fourth Community Innovation Survey data. In order to evaluate the 

contribution of Human Resources to innovation we have estimated several Knowledge Production 

Functions, mainly using probits and tobits. In that framework it is assumed that innovation depends on 

some inputs (as the training of personnel) and on information-flows from the existing knowledge stock 

(as clients). We have found significant the role of personnel training for the innovative process of 

Portuguese firms. Moreover, we also found that the lack of qualified personnel hinged critically more 

innovative performance of firms and, in addition, it is noticed that the improvement of productivity 

(cost reduction) was the main effect of innovation in Portuguese firms. 

Keywords: Human resources, Innovation, Internationalization, Portugal. 

JEL classification: F23, J24, O31, O32. 

 

 

                                                 
* The results in this chapter will be published as Silva (2010), and were presented in Vila do Conde, September 
2009: Conference of IIRH. 
† This work contains statistical data from the Community Innovation Survey 4 for Portugal. The data is used  by 
permission of GPEARI/MCTES but does not imply the endorsement of GPEARI/MCTES in relation to the 
interpretation or analysis of the statistical data 
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4.1. Introduction 
As different firms have different innovative performances two questions arise: are more 

internationally engaged firms more innovative? Do firms that report more attention to Human 

Resources Management (HRM) have higher innovative performances? 

Assuming that a firms´ innovation level is related with their external trade market 

orientation, technological characteristics, size and human resources practices, we test two 

hypothesis that lately have received more attention from economic and management literature. 

Using the Knowledge Production Function (KPF) approach and Portuguese Community 

Innovation Survey (CIS) as database for the period 2002-2004, our analysis yields a set of 

results that indicate a positive answer to the previous two questions. In fact, we find that more 

internationally engaged firms report much more knowledge output, whatever measure is used 

and we also find that firms that have systematic personnel training have a higher probability 

of being innovative.  

The use of a suitable econometric model allowed us to understand that much of the 

higher knowledge output created in globally engaged Portuguese firms was the product of 

both higher knowledge inputs and informational flows used but also of a superior efficiency 

in their use, as suggested by the KPF approach. Moreover, for the first time, this study 

estimates the contribution of distinct knowledge inputs and knowledge information sources to 

the innovation ability of Portuguese firms, including the training of personnel as an input to 

innovation. 

The chapter is organized as follows. Section 2 describes the main contributions of 

previous literature to the study of HRM in firms´ innovation. Section 3 presents the main 

existing studies about the specific role of personnel training for innovation. Section 4 explains 

the KPF methodology for the innovation measurement purpose. Section 5 presents the 

database used in this study and their main general statistics. Section 6 tests the two hypotheses 

and describes the methodology used. Section 7 concludes the chapter. 

 
4.2. Human capital approach to firms´ innovativeness 

Nowadays, given the highly competitive environment firms operate in, the capability to 

innovate is likely to be the key to assure dynamic competitive advantage. Then the awareness 

of the factors that enhance innovative ability of firms is crucial. In this respect, and in spite of 

the variety of factors invoked to explain different performances of firms, there is an wide 

agreement upon the fact that the innovative ability of firms is function of technological 

capacity (namely the qualification of the personnel), location, market orientation, sector of 
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activity and firms´ dimension; above all, there is a wide consensus that inter-firm relations are 

decisive to technological development. 

There is a body of literature in which firm-level technological advances are conceptualised 

as a learning process that hinges critically on Human Resources (HR) practices (e.g. Cohen 

and Levinthal, 1989). This firm-level learning process results in technological capability, 

meaning the knowledge and skills necessary for firms to choose, install, operate, maintain, 

adapt, improve and develop technological knowledge. By other side, several authors believe 

that firms´ ability to innovate is clearly connected with their employees´ creativity. Therefore, 

the theories of creativity may be also used as a mechanism to study the links between firms´ 

innovation and HR. The existing literature on this issue points various possible factors that 

can be expected to contribute to the build-up of innovation capability. Those factors can be 

grouped in two complementary levels: internal factors and external factors. 

Factors internal to the firm include the knowledge and skills brought into the firm by the 

entrepreneur(s) and by its workforce, which they both may obtain through their previous 

educational background or earlier experience. Moreover, enterprises also demand for an 

adequate stock of technically qualified manpower (e.g. engineers or scientists) to absorb new 

technologies, modify them, create and transfer new technological knowledge. Moreover, 

firms can further enhance their human capital stock over time through formal and informal 

internal staff training.  Another major internal activity is ‘ learning-by-doing’ through 

involvement in R&D, both as a formally organised activity (e.g. Cohen and Levinthal, 1989) 

or as informal technological efforts closely allied to production, directed at incremental 

problem solving and experimentation on the shop-floor (e.g. Romijn and Albaladejo, 2002). 

By other way, the interaction with external elements as suppliers, customers, public 

assistance agencies, industry associations, foundations or others, can provide missing internal 

inputs into the learning process which the firm by itself cannot easily provide. That 

interaction may occur for the purpose of gathering information about technological 

knowledge and markets, and also for obtaining various other inputs necessary to the internal 

learning process, such as external staff training, the acquisition of parts and components, the 

use of consulting services, and R&D grants (e.g. Dodgson, 1993; Freeman, 1991, 1995;). 

Some authors refer to intensive interaction with customers and suppliers as being particularly 

beneficial (Håkansson, 1989). Moreover, potentially the importance of those external sources 

may depend on the intensity of networking with a variety of agents and institutions or on 

geographical proximity advantages associated with the referred networking and also may rely 

on institutional support. Institutional support is represented as a separate factor, because 
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actual transfers of finance and/or knowledge may well have an effect independent from 

networking intensity or proximity to the assistance source.  

At the empirical level the scarcity of studies on these subjects relies on the difficulty in the 

measurement of the sources of innovation capability, namely the ones connected with human 

capital variables. Nevertheless, it is of great value to refer several studies: Silva and Leitão 

(2007) proved, through the use of a logit model, for Portugal that personnel qualification has a 

positive and significant effect on firms´ innovation ability. Vinding (2006) for Danmark 

through the use of a probit model proved that firms that applied more Human Resource 

Management (HRM) practices were more able to innovate.  Michie and Sheehan (1999), 

found for UK firms that the application of HRM practices is more effective in influencing the 

innovative performance when these practices are applied together rather than alone. They 

argue that HRM practices are complementary to one another. They also found that practices 

of more marginal forms of employment, such as short-term, casual and seasonal or reducing 

participation on trade unions is related with lower technological advance of the respective 

firms.  

 

4.3. The particular importance of training for the innovative ability of firms 

Mangematin and Nesta (1999) argue that highly educated employees, in particular, through 

their daily tasks, will increase the stock of knowledge of the organization. They will further 

encourage relationships with other individuals with similar competencies outside the firm, 

thus facilitating access to external networks of knowledge. Moreover some authors (e.g. 

Carter, 1989) argue that employees with higher educational patterns are the main traders of 

know-how among firms due to the high levels of knowledge “embodied” in these people and 

which implies that they are in a better position to recognize and value new external 

knowledge. 

In this respect, Hatch and Dyer (2004, p.1173) based on their field work on Intel, carried 

out in the nineties, argue that “superior technological learning performance comes from better 

human resources and from better practices to develop firm-specific human capital and deploy 

it to learning activities’. These authors link firm performance to learning by doing of their 

employees and this ability to learn to proper HR practices; learning creates specific human 

capital they call “tacit knowledge” which in turn enhances firms´ learning performance. They 

also assume that those learning abilities can create a competitive advantage provided the firms 
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are able to “protect” and “isolate” that learning. Therefore, training-focused HR practices are 

associated with higher innovative performance.  

The main handicap of the previous studies is the fact that most of the variables used are 

survey specific; moreover, the lack of time in these variables makes it difficult to take the 

problem of causality into a correct account. Moreover, are certain types of education more 

conducive to innovations than others? Are some types of work experience more important 

than others, for example, work experience achieved in the same sector compared with 

experience achieved from other sectors? 

Given that until now, no well-developed theoretical framework exist linking HR practices 

to innovation, although it is widely acknowledged that proper management of a firm’s human 

resources is important for a sustained competitive advantage, all caution is needed. Until now, 

the relevant literature has not yet answered the questions of how and which HR practices 

affect the capability of firms to generate innovations, in a satisfactory way.  

In this context the present chapter extends and enhances the resource-based view of the 

firm and the literature on human resource management which has not adequately explained 

how firms can effectively use HR practices to increase their innovative output. Moreover, it 

also tests for Portuguese firms the importance of exporters and multinationals in the 

innovation performance of firms. 

 

4.4. The Knowledge Production Function methodology  

Following the conceptual framework of Silva and Leitão (2007), we argue that innovation is 

the result of an interactive and non-linear process between firms and their global environment. 

In a certain way, innovation is “a collective learning process” in which organizational and 

environmental factors affect the firm specific innovative ability. This so-called “systematic 

approach” of innovation process allows a new vision for the role performed by external 

partners, and of the importance on the information flows that disseminate knowledge within 

the system 

On the other hand, the fact that different firms produce different amounts of new 

knowledge has opened the possibility to the use of “knowledge production functions” (KPF) 

or “innovation production function”, in a very similar way to a production function for goods 

and services (e.g., Geroski, 1990; Roper et al., 2008). The KPF framework relies on the 

assumption that new knowledge depends on two types of inputs: Innovation input activities 
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like R&D activities (which allow the emergence of knowledge) and the flow of ideas from the 

knowledge stock. 

Using the approach followed by Criscuolo et al. (2005) for UK firms, Wagner (2008) for 

German enterprises, Silva et al. (2009) for Portuguese firms and in line with Griliches (1979) 

and Romer (1990), we can write the KPF in the simpler Cobb-Douglas form: 

 ϕλ=∆ iii KHK +  X i (4.1.) 

Then, the creation of new ideas, the change of the knowledge stock (∆Ki) depends on the 

investment in the process of knowledge creation (H), as human capital or R&D activities, and 

on the existing knowledge stock (K) from which ideas can be generated, through the 

knowledge information flows. Parameters λ and φ represent, respectively, the elasticity of new 

idea creation on knowledge investment and from the existing knowledge stock and finally on 

Xi, a vector of other determinants such as size, foreign exposure or sector. Subscripting K in 

(4.1.) means that firms have different access to the existing knowledge stock, since each 

existing idea might not be equally crucial to all firms. Besides, as firms can learn from their 

internal knowledge stock and from other external sources, it is essential to identify distinct 

channels through which firms are encouraged to innovate, and especially those that carry 

international technology spillovers. 

 

4.5. Data issues, variables used and summary statistics 

In this essay we use data from Portuguese Community Innovation Survey (CIS). This survey 

reports firms’ answers to: innovation outputs (product, process, organizational and marketing 

innovations), innovation inputs, sources of information-knowledge for innovation efforts, 

partnerships between firms and other institutions, obstacles to innovation and effects of 

innovation. It is a voluntary postal survey and covers the manufacturing and the service 

sectors. We use the fourth survey carried out in Portugal (CIS 4) conducted in 2005.   

According to the OCES report (2006), 40% of Portuguese firms had innovation activities, 

either on products or processes. That figure reached 62% if we also include innovations on 

organizational and marketing level. By other side, the percentage of innovative firms 

increases with the dimension of firms. Moreover, on average, enterprises spent about 2% of 

their global turnover in innovation input. The portion of innovative firms is greater than 75% 

for R&D services, communications, technical analysis, chemical and petrol, but in other 
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sectors it is lower than 30%: apparel, textiles and leather industries. Of all innovators, 10% 

had received public financing or even public subsidies. 

In line with Silva et al. (2009), we assume the Global Engagement hypothesis (after which 

higher foreign exposure enhances firms innovation); moreover, we also use the four levels for 

global engagement of firms of that paper: (i) Global Multinationals (GM), which belong to a 

foreign group and export – being the group of more globalized firms, (ii) Internal 

Multinationals (IM), which belong to a foreign group but do not export, (iii) Exporters (EXP), 

which do not belong to foreign group and export and, (iv) Purely Domestic (DOM) which do 

not belong to any foreign group nor export. Our CIS 4 benchmark sample has 4,815 

enterprises: 353 GM (7.3% of the sample), 131 IM (2.7%), 1,904 EXP (39.5%) and 2,427 

DOM enterprises (50.4%). 

According to the results of Silva et al. (2009) more internationally engaged firms show 

higher knowledge output level in comparison with the poorer performance of domestic firms, 

whatever knowledge output measure is used; additionally, splitting innovation into innovation 

in products and innovation in processes, the higher differences between domestic and more 

globally engaged firms are observed in innovation in products.  

Still following Silva et al (2009) and concerning knowledge inputs, the same patterns of 

differentials are observed: more globally engaged enterprises use more inputs in producing 

new ideas. These outcomes are observed both in R&D expenses and in non-R&D expenses. 

The first group includes: (i) Intramural R&D expenses which refer to the creative work of 

personnel guiding the knowledge increase and to investment spending in buildings and 

specific equipment for R&D activities and (ii) Extramural R&D expenses which refers to the 

acquisition of R&D from both public and private institutions. The second group includes 

Non-R&D expenses may include the acquisition of equipment, machinery, software and 

hardware specifically to produce new products or services, and also expenses for other 

external knowledge – buying or licensing of patents or rights. The Personnel Training of 

workers is also a knowledge input variable equal to one if the employees receive internal or 

external training specifically oriented to the development and introduction of new products or 

processes or of highly improved ones. 

Given the possibility that the superiority of more global enterprises may reflect their 

greater size, we also study the behaviour of “Innovation Effort Intensity” that represents the 

share of total Innovation Expenses in each firm´s turnover. In contrast with previous results 

we find that, on one hand EXP firms show the highest innovation effort intensity and on the 

other hand DOM firms present an unexpected high value compared to IM and GM firms. This 
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may be explained by the fact that both GM and IM firms may rely on their parent company 

innovation efforts. 

In light of the unavailability of data on R&D personnel, we used the percentage of firms, of 

each group, that reported internal or external personnel training specifically oriented to the 

development and introduction of new products or processes. More than 50% of all GM firms 

report to achieve that type of personnel training, but only a quarter of DOM firms report 

having personnel training for Innovation.  

Sources of knowledge information 

Given the fact that not all of the variation in knowledge outputs can be accounted for by 

variation in knowledge inputs or by the foreign exposure level, it is important to study how 

and where firms get information on knowledge improvements, and how important those 

sources are. In CIS 4, each innovative enterprise was asked to report where came from any 

valuable information for innovation and which was the importance of that source: high (code 

3), medium (code 2), low (code 1) or null (code 0). 

Silva et al. (2009) show results on this issue. There are several origins for such 

information: Internal to enterprises (including all information internal to the enterprise or to 

the group), from Suppliers and Clients (“Vertical type”), from Universities and Polytechnic 

schools and other interface organisations, from Government laboratories and institutions, 

from Competitors, from “Free access sources” including information obtained in Conferences, 

Scientific publications, Professional meetings and finally from Private Consulting. 

Results of Table 3 of Silva et al. (2009) show that, in general, GM learn two times more 

and EXP learn 1.8 times more than DOM firms. The difference is even more evident in 

learning from Universities and Government institutions. On the other hand, DOM firms have 

their “highest” level of learning in clients and suppliers and their lowest level in the “formal 

sources” as Government and Universities. 

 

4.6. Hypotheses to test and results achieved 

Empirically, we seek to test the following hypotheses: (i) Personnel training of the workforce 

is the most important input for the innovative ability of firms; (ii) The lack of qualified 

personnel is of high importance in explaining the incapacity of innovation of certain firms; (iii) 

the reduction of labour costs is a main effect seeked by innovating firms 

In order to test each of them we use different methodologies. In the first case we estimate a 

probit model in which the innovation output is function of several variables, both inputs and 
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knowledge flow; moreover “personnel training” is studied as one knowledge input variable.  

In the second hypothesis, we treat statistically the answers connected to the obstacles that non 

innovating firms referred as the main reasons for their inability to innovate and compare their 

importance. In the third case we use the answers given by innovative firms in what respects 

the main effects generated by their innovations and compare their importance. 

 

The importance of staff training for the innovative ability of Portuguese firms 

For our binary variable Innovation – Product or Process we estimate several KPF versions 

using probits (and also using logits, although not reported). We report the marginal effects on 

the dependent variable, at the mean values of the regressors. The purpose is to report the 

effect of a unit increase in the independent variable studied, on the probability that the 

dependent variable equals one, ceteris paribus. We also computed the robust standard errors 

of marginal effects, although we did not report it. Estimations are computed using maximum 

likelihood method under Stata 10 software. 

In order to minimize endogeneity problems we use a common set of control variables 

for all estimations: in particular, industry and service dummies and size (measured by the 

some categories of level of employment)i. It is a way to control for fixed effects common 

within industries and services. In fact our regressors may be correlated with the regression 

error term, given the fact that some unobserved determinants of innovation success can also 

affect knowledge level inputs (e.g. certain unobserved firm fixed effects, like a highly-valued 

R&D culture or a high propensity for new ideas and organizational changes). 

In order to test the importance of the variable “personnel training” as an independent 

variable we regress separately the dependent variable (“Innovation of Products or Processes) 

as a function of each of the three knowledge input variables: intramural R&D, total expenses 

in R&D and personnel training. For each of them we also regress the dependent variable as a 

function of a knowledge input and of several knowledge flow variables. Table 4.1, reports the 

estimates for the six different specifications used to study the Knowledge Production Function 

for Innovation.  

In all estimates globalization indicators are statistically significant, positive and their 

values suggest that more globalized firms have a higher probability to innovate than less 

globalized ones. Moreover, “personnel training” is the most important knowledge input, far 

away from the other two. Column 1 shows that firms that report having personnel training 

have a probability of innovating 80% higher than before the occurrence of that staff training. 

Even when knowledge flow variables are added the importance of personnel training remains 
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in a high level. The other two input knowledge variables become statistically not significant 

after knowledge flow indicators are added. 

 

Table 4.1.: Estimates of Knowledge Production Function for “Innovation – product or process. 

Personnel Training detached ” 

 (1) (2) (3) (4) (5) (6) 

GM 0,164 0,281 0.070 0,168 0.180 0.188 

EXP 0,144 0,151 0.056 0,160 0.045 ** 0.043* 

IM 0,048* 0,147 0.021 + 0,069 0.141* 0.158* 

Intramural R&D  0,0013    0.00002* 

Total expenses in Innovation    0.0011  0.0003  

Personnel Training.  0,791   0,40   

Internal Info.     0,239 0.294 0.289 

Clients Info.    0,091 0.102 0.101 

Supply Info.     0,205 0.231 0.234 

Private Consulting Info.    -0,015+ -0.012+ - 0.096+ 

University & Polytechnic 
Info.    0,056 0.064 0.066 

Government Info.    -0,005 + 0.0006+ 0.068+ 

Conferences, Exhibitions 
Info.    0,054 0.065 0.066 

Scientific Info.    0,029+ 0.051* 0.050 

Professional Info.    0,061+ 0.018+ 0.029 

Competitors Info.    0,078 0.086 0.086 
Source: Own calculations 
Notes: Each pair of columns is a different estimated specification and for each line we report the marginal effects 
for that regressor as estimated by probit. We compute the estimation of marginal effects at the mean values of 
the regressors. All specifications include additional control variables: two digit industry / service dummies and 
employment size (both not reported). Robust standard errors of marginal effects not reported. If nothing is 
mentioned all estimates are statistically significant at 1% level. 
* : statistical significance at 10%  
** : statistical significance at 5% 
+: not statistically significant 

 

The importance of qualified personnel to innovative ability 

 

The lack of qualified personnel is the second most important factor in the list of obstacles to 

higher innovative performance, right behind the lack of information about knowledge 

technology. 
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Table 4.2.: Obstacles to innovation for non-innovative firms 

Obstacles Lack information  Lack of 

qualified 

personnel 

Lack of 

partnerships 

Lack of 

capital 

Lack of 

market 

Uncertainty 

in demand 

% of 

references 

29 21 18 12 17 17 

Source: OCES, 2006 

 

Effects of innovation, namely labour costs reduction and effects of innovation in what 

concerns health, hygiene and security. 

Firms that innovated were asked about the effects of the innovation and its magnitude. There 

were 9 possible types of effects gathered in 3 groups: effects on products, on processes and 

other effects. Our interest lies in 2 particular effects on processes: labour costs reductions by 

unit of goods produced or services provided (LCR) and also reduced environment impacts or 

improvements in the health, hygiene and security in work (HHS). Complementarily, all 

respondents were asked if the effect produced after the innovation was of high, medium or 

low importance.  

Globally LCR was the second most important effect (18% of innovating firms referred 

it of high importance) and HHS was the fourth most important (13% of innovating firms 

quoted it). 377 firms refer innovation to have generated a high reduction in labour costs and 

simultaneously 75% of them also mentioned the existence of effects on HHS. The most 

important effect of innovation was the cost reduction, both by energy and materials reduction 

(25%) and also by LCR. 

An analysis to both sector and size1 reveals that the firms that felt the higher reduction 

of labour costs in the sequence of an innovation were mainly observed in Offices and 

Communication or R&D services and also Food, Beverage and Tobacco industries, involving 

firms of all dimensions. In what respects HHS effects in the sequence of an innovation there 

were mainly observed in Rubber and Plastics industries and also Offices and Communication 

services. 

 

 

                                                 
1 This data, included in CIS4, is not reported in this essay for brevity. 
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4.7. Concluding remarks 

In line with a recent trend in trade literature, this chapter tests, for the first time for Portuguese 

firms, the hypothesis of a positive connection between staff training and qualification with 

firms´ innovative performance and their international trade involvement. 

This study uses a Knowledge Production Function framework and data from the 

European Community Innovation Survey, 2002-2004, for Portuguese firms to test those 

alleged and expected connections. We argue that the test confirms such hypothesis. 

A policy and a managerial implication of this study is that Portuguese firms must seek 

forms of internationalization and must invest in the development of HR eventually by training 

or other techniques in order to motivate further their innovation ability.   

Future developments on this area of research could explore the determinants of the 

differences in productivity between more and less globalized firms. In fact, assuming that one 

of the main causes of the differences between firms´ productivity are different innovative 

abilities, the present study could also serve to raise the interest in future analysis connecting 

productivity and global engagement levels of Portuguese firms. Moreover given the scarcity 

of CIS data on HR practices it was not possible to study the implications over innovation 

performance of several HR variables such as staff formal education or firms´ culture of 

decentralization of responsibilities or the selection policy. 
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Chapter 5 

Economic performance and international trade engagement: the 

case of Portuguese manufacturing firms*† 
 

 

 

 

Abstract: By combining economic and financial data for Portuguese manufacturing firms with data of 

their exports and imports, we uncover some aspects of the relationship between international trade 

engagement and firms’ performance. In line with recent theoretical and empirical developments in the 

international trade literature: (i) we testify that Portuguese international trade is highly concentrated, 

especially on the import side, and both in inter- and intra-sector terms; (ii) we corroborate previous 

studies and theses according to which two-way traders outperform only importers, only exporters and 

above all domestic firms; (iii) we find that the greater the diversification of markets and goods 

(especially with regard to imports) the better  the performance achieved by internationalized firms; (iv) 

we also present evidence that destination markets, for exports, and, origin markets, for imports, are 

also important in explaining the performance of firms. 
 

Keywords: International trade, Firm performance, Diversification. 

JEL classification: C23, F14, F23. 

 

 

 

                                                 
* The results in this chapter have been published in a working paper (Silva et al., 2010b), and were accepted to 
presentation in the following conferences: Faro, June 2010: 4th meeting of the Portuguese Economic Journal. 
Athens, July 2010: 7th annual international conference of Small and Medium Sized enterprises, ATINER.  
† This chapter contains statistical data from the National Institute of Statistics of Portugal (INE). The data is used 
under the permission of INE but does not imply the endorsement of INE in relation to the interpretation or 
analysis of the statistical data. 
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5.1. Introduction 

There is an emerging empirical literature examining international trade at firm level. This 

microeconomic international-trade literature, pioneered by Bernard and Jensen (1995) and Aw 

and Hwang (1995), recognises that international trade affects the performance of firms. Initial 

works began by studying the superior performance of exporters with regard to productivity, 

value added or wages (e.g., the International Study Group on Export and Productivity, 2007). 

Afterwards, the analysis was extended to study the effects of importing activities (e.g., 

Kasahara and Lapham, 2008) and the connections with the advantages arising from exports. 

In general this literature did not study neither the heterogeneity of exporters/importers 

in terms of their geographical diversification – destination of exports or origin of imports – 

nor their development level, nor yet their heterogeneity in the number of traded goods. Indeed, 

only a limited number of recent papers have undertaken such a study: Bernard et al. (2009) 

for the U.S.; Eaton et al. (2004) for France; Andersson et al. (2008) for Sweden; Muûls and 

Pisu (2009) for Belgium; Castellani et al. (2010) and Serti and Tomasi (2008b) for Italy; 

Damijan et al. (2004) for Slovenia; Altomonte and Békés (2009) for Hungary; McCann (2009) 

and Lawless (2009) for Irish firms. These studies have confirmed that firms which are 

internationally engaged enjoy better results than the purely domestic ones. 

The international trade general equilibrium models of Bernard et al. (2003) and Melitz 

(2003) show how the most productive firms self-select into export markets, but do not explain 

how they achieve that superior productivity and without even allowing intra-firm changes in 

productivity.1 Recent theoretical models of heterogeneous firms and trade (e.g., Chaney, 2008; 

Lawless, 2009; Helpman et al., 2008) have tried to overcome those inabilities by considering 

that extensive and intensive margins change across markets, since bilateral trade is affected by 

trade costs, which, in turn, reflect market-specific fixed costs which interact with firm 

heterogeneity in productivity. This indicates that firms with better results could trade with a 

larger number of countries and with countries denoting higher entry-costs. 

Using a large database of Portuguese manufacturing firms from 1996 to 2003 that 

merges two distinct databases – one using economic, financial and structural data and other 

using external trade data –, we study the heterogeneity of firms’ performance and connect it 

with their international trade engagement. We add two main contributions to this literature. 

We compare the Portuguese case with other countries for which there are comparable studies 

                                                 
1 In most previous empirical works this limitation was mainly due to dataset limitations that blocked theoretical 
models from reaching the full spectrum of firms’ trading activities. 
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(e.g., Sweden, France, the U.S., Italy, Ireland, and Hungary). We perform a panel-data study 

to discuss: the export and import premiums and their origins; the level of trade self-selection 

of Portuguese firms from market to market (as productivity thresholds vary from market to 

market); the differences in the diversification levels – goods and markets – between importers 

and exporters concerning the intensive versus the extensive margin, and also the connections 

between productivity or other variables’ premiums and the diversification mentioned. 

We used both descriptive statistics and regression techniques, OLS pooled regressions, 

Fixed-Effects models (FE) and a dynamic panel data specification. Our main finding is that 

the growing commitment to international trade is associated with better firm performance, 

thus suggesting that import and export activities may be responsible for intra-firm gains. 

These gains could result from two non mutually exclusive origins: (i) a self-selection origin 

probably related with a conscious effort to improve performance so as to internationalize and 

prepare for more demanding markets; and/or (ii) a learning ability obtained after the 

beginning of exports or imports and generated by the superior competitive pressure and 

technological advantage of some foreign markets. 

In line with several studies – Muûls and Pisu (2009), on Belgium; Andersson et al. 

(2008), on Sweden; Vogel and Wagner (2010), on Germany; Altomonte and Békes (2009), on 

Hungary – we found that two-way traders (TWT), firms that export and import, outperform 

firms engaged only in importing (OI) or only in exporting activities (OE) and both of these 

groups outperform the purely domestic ones. This could be the result of complementarities 

between export and import premiums. 

In addition, we found that: (i) firms which export or import more goods with more 

markets perform better, in line with Bernard et al. (2009), for the US firms, Andersson et al. 

(2008), for Sweden, Mayer and Ottaviano (2007), for European firms, among others; (ii) 

firms trading (exporting and/or importing) with multiple markets presented a superior 

performance (as found by Serti and Tomasi, 2008a).  

Moreover, in a novel approach we analysed the particular effect on firms’ performance 

of trading with specific countries/markets.  In particular we studied the impact of trade with 

Spain and Germany (the two main markets for Portuguese firms), the impact of trade with 

Portuguese speaking countries (PL) and with those which may be considered the most 

difficult markets for Portuguese firms. The results suggest that there is a significant 

correlation between the requirements and costs involved in trading with certain countries and 

the level of performance achieved by firms that actually trade in those markets. 
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The rest of the chapter is organized as follows. Section 2 presents the database and 

some conceptual definitions. Section 3 provides evidence on trade propensity, intensity, 

persistency and concentration for Portuguese firms and compares it with the other available 

cases. Section 4 computes and relates international trade premiums with internationalisation 

levels and for diverse types of markets. Section 5 summarizes the main results and concludes 

the chapter. 

 
5.2. Data description 

The database merges two data sources developed by The Portuguese National Statistics 

Institute (INE): balance-sheet information (IAE) and external-trade information (ECE). The 

two databases are linked by firms’ fiscal numbers.2 Unfortunately, from 1996 to 2003 IAE 

only used a survey sample,3 which limits full integration with ECE database. ECE provides 

information for all Portuguese exporters and importers over the 1996-2003 period, supplying 

data on trade volume (exports and imports), aggregated by year and country (destination of 

exports and origin of imports) and on several types of good/sector traded for each 

transaction.4 There is also information on the volumes (kilograms) involved. 

We use on variables’: number of employees, turnover, value added, labour cost, capital 

assets, foreign capital participation, workers devoted to R&D, investment or earnings.5 Firms 

are classified along with their main activity, as identified by INE standard codes for sectoral 

classification of business activities (CAE rev.2.1), which has a high correlation with 

EUROSTAT NACE 1.1 taxonomy. Market entry and exit of firms over the period, the 

possibility that a firm is not surveyed during the whole period and missing values in some 

variables makes the dataset unbalanced and short.6 Indeed, the working database (containing 

only firms with regular information for all variables of interest) represents an average of 4500 

firms per year.7 

Moreover, since IAE included a significant number of registers of individual firms on 

behalf and independent workers, for which only the turnover value was available, we defined 

                                                 
2 The data was made available under the mandatory condition of censorship of any individual information. 
3 Since 2004, INE has changed its methodology and works with the entire universe of Portuguese manufacturing 
firms. However, for before 2003, we used the only data available. 
4 Our data includes 18 different sectoral types of traded goods. 
5 We do not have other useful data, such as: innovation output, labour composition (skilled and unskilled), 
educational level of labour force and information on foreign affiliates of Portuguese multinational firms. 
6 As shown in Bottazzi and Grazzi (2007), despite the unbalanced nature thus generated, the validity of the 
database is largely supported by its census nature and by the methodological uniformity between 1996 and 2003, 
which avoids possible biases in the data collection process. Moreover, we confirmed the inexistence of particular 
trends or changes in the structure and performance of firms that disappear and reappear in the database. 
7 The non-treated database comprised about 10,000 firms per year. 
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an active-firm criteria, which includes three conditions: at least 2 employees, a global 

turnover of at least 1,000€ and a positive net fixed asset register. We also defined “exporter” 

as a firm that exports at least 1% of its turnover. Capital is proxied by tangible fixed assets at 

book value (net of depreciation). All nominal variables are measured in 1996 Euros.8 

At another level, we measured firm-level productivity using two concepts: value-added 

per employee, Labour Productivity (LP) and Total Factor Productivity (TFP). Since 

productivity and input choices are likely to be correlated, TFP estimation involves 

endogeneity problems. In line with, e.g., Levinshon and Petrin (2003) and Maggioni (2009), 

our TFP measure is estimated by a semi-parametric method as the residual of two-inputs 

(labour and capital) Cobb-Douglas production function, using as proxy variable for 

unobserved productivity shocks, the firms’ use of intermediate inputs (incorporated in the 

data as “supplies and services from thirds” at book value). Production function is estimated 

for every 2-digit sector separately. 

 

5.3. Evidence of firms’ heterogeneity in relation to international trade 

5.3.1. International-trade propensity, intensity and persistency 

The propensity to export of the Portuguese firms studied is 63%, which is lower than their 

propensity to import, which is about 69% (Table 5.1). Muûls and Pisu (2009) show that, in 

Belgium, the relative standing is similar. On the other hand, results available for Italy 

(Castellani et al., 2010) and Sweden (Andersson et al., 2008) show, a higher export propensity 

than import propensity. International comparisons are quite complex, as propensity to trade 

relies on the sample dimensions, and differences in samples are large.9 Bearing that in mind, 

Portuguese firms seem to be slightly less internationalised than Italian and Swedish firms and 

more internationalized than Belgian and Hungarian firms. US firms are the least 

internationalized in the reported studies, thus suggesting that trade propensity may be a 

function of the domestic market dimension. 

 
 

 

 

                                                 
8 Variables are deflated using 2 digit sector-level price indices provided by INE; for capital stock, we use a 
unique deflator for all sectors. 
9 Castellani et al. (2009) present a survey on this issue showing that conclusions are highly dependent on the 
number of employees of firms in the sample. 
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Table 5.1.: International trade participation rate 

 
Country 

Portugal France Belgium Hungary Italy Sweden The US 

% exporters 63 67 41 36 71 71 27 

% Importers 69 ....... 43 46 69 60 14 

Time, 

Sources 

2003, specific 

sample 

2003, 

All firms 

2007, all 

firms 

2003, all 

firms 

1997, > 20 

employees 

2004, > 10 

employees 

2002, all 

firms 

Source: Own calculations, Castellani et al. (2010), Mayer and Ottaviano (2007). 

 
Table 5.2 organizes the exporting firms in our sample into seven groups, according to 

their exporting intensity, which is defined as the percentage of exports in the turnover. Only 

14.3% (10.8%+3.5%) of 2003 Portuguese exporting firms had an export intensity which was 

higher than 90% of their turnover - we call them the “elite group”. About one third of 

Portuguese exporting firms export less than 10% of their global turnover. 

 

Table 5.2.: Distribution of Portuguese exporters by export intensity levels, X (%) 

year 

% of Firms 

Group 1 

X <10 

Group 2 

10<X<25 

Group 3 

25<X<50 

Group 4 

50<X<75 

Group 5 

75<X<90 

Group 6 

90<X<100 

Group 7 

X=100 

1996 33.9 14.9 14.7 11.3 9.0 11.7 4.5 

2003 32.9 15.9 14.5 13.2 9.3 10.8 3.5 

Source: Own calculations. 

 
The export intensity of exporting firms is on average 52% of their global turnover for 

the 1996-2003 period but this indicator fell persistently from 56% in 1996 to 51% in 2003. 

This may result from contrasting behaviour between persistent exporting firms and occasional 

exporting firms. Computing the time persistency of our exporting firms we conclude that, on 

average, they report exports for less than 50% of the time period (3,8 over 8 years of our 

sample data-time lag). Thus, while 18% were exporters for every single year of the whole 

period, “persistent exporters”, 25% exported in only one single year.10 Table 5.3 shows that 

the intensity of exports for “persistent exporters” is higher than average and that it increases 

over time, widening the gap between their export performance and that of occasional 

exporters. 

                                                 
10 Almost 20% of our working database firms were “never exporters” during 1996-2003 period.  
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Table 5.3.: Export intensity of all exporting firms and of persistent exporting firms, % 

 
Year 

1996 1997 1998 1999 2000 2001 2002 2003 

Persistent Exporters 58.2 58.9 58.2 58.5 58.4 58.7 59.5 60.1 

All exporters 55.5 54.2 52.8 52.9 52.1 51.6 51.8 51.0 

Source: Own calculations. 

 
5.3.2. International trade concentration 

Recent empirical evidence (e.g., Mayer and Ottaviano, 2007) has documented the general idea 

that trade is highly concentrated in a few firms, but those firms are very diversified, trading 

several goods with several countries.  

Existing theories of firms and international trade consider concentration the result of 

several causes (e.g., Bernard et al., 2007): (i) a possible unequal distribution of productivity 

across firms that would lead to a similar unequal distribution of trade; (ii) a high elasticity of 

substitution between varieties of goods from distinct firms that would enable small 

differences in productivity and prices to generate large differences in exports; (iii) the 

existence of economies of scale to overcome costs of international distribution; (iv) 

differences in sunk costs in specific markets, thus making it impossible for less productive 

firms to deal with those costs. Besides, concentration could also be the result of product 

differences in productivity demands as only more efficient producers could support a wider 

range of diversity. 

5.3.2.1. Internationalization for few firms 

The concentration of trading activities arises since only a percentage of firms perform exports 

or imports (Table 5.1). Not only do the vast majority of exporters export a small share of their 

global sales, as seen in Table 5.2, but also the majority of exports are concentrated in a small 

group of firms. Table 5.4 shows that in 2003 the top 1% of biggest exporters, the “superstar 

firms”, were responsible for 40% of exports. As in 1996 those firms were responsible for 43% 

of the aggregate value of exports, a slight reduction of concentration of exports in Portuguese 

firms is evident. Besides, considering the top 5% of the biggest exporters, they represent 63% 

of all exports for the whole period 1996-2003 and the top 10% are responsible for 76% of 

total exports. Comparing Portugal with the 7 countries in the Mayer and Ottaviano (2007) 

study, the Portuguese “superstar firms” have a similar weight. Thus, exports of all these 

countries rely heavily on a small group of firms (Table 5.4). 
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Table 5.4.: Importance of “superstar firms” 

Country 
2003, Share of exports for top 1% 

exporters – “superstar firms” 

2003, % of firms exporting more 

than 90% of turnover – “elite” 

Portugal 40 14.3 

Germany 59 1.0 

France 44 1.4 

UK 42 1.5 

Italy 32 2.9 

Hungary 77 11.1 

Norway 53 1.3 

Belgium 48 .... 

Source: Own calculations, Castellani et al. (2010), Mayer and Ottaviano (2007). 

Additionally, we also noticed that, in 2003, “superstar firms” presented an average 

export intensity of 81% and half of them also belong to the “elite group” of firms, showing 

the high correlation between the most important exporting firms (in terms of the value 

exported) and their superior export intensity. Thus, and unlike other countries (e.g., Mayer 

and Ottaviano, 2007), top Portuguese exporters also exhibit top export intensity. Moreover, 

78% of “superstar firms” were exporters from 1996 to 2003, showing the strong connection 

between top exporters, trade intensity and trade persistency. 

 

Table 5.5.: Dimension of firms and of exporting firms, % 

 Micro Small Medium Large 

Total firms in sample 39.5 39.5 17.5 3.5 

Total Exporters 12.6 40.9 37.1 9 

Superstar firms 0 0 4 96 

Source: Own calculations. 
Note: Firms’ classification based on European Commission  
Recommendation 2003/361/EC, May 6. 

 
In terms of size, export firms are larger than non-exporters (Table 5.5). On average, firms 

on our database are mainly micro and small firms as each group represents about 40% of all 

firms. However, the sub-sample of exporters mostly involves small and medium size firms; 
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micro firms only represent 12.6% of all exporters.11 Finally, the vast majority (96%) of the 

top 1% of exporters are large firms. 

With regard to imports, the table revealed that 88% of all “superstar firms” were always 

importers during the whole period. Additionally, in 2003, they represented 41% of the value 

of all imports, showing that there is also a high import concentration in Portuguese firms, in 

general and especially in those firms that also concentrate export values. 

 
5.3.2.2. Concentration of international trade: intra- and inter-sectors 

For Portuguese firms, international trade is clearly more concentrated than employment or 

sales; the same is true for Italy, the US and Belgium – as shown by Castellani et al. (2010), 

Bernard et al. (2007) and Mûuls and Pisu (2009), respectively. Using Theil indexes for the 

inequality assessment, we observed that trade concentration is even more marked than in 

Italy.12 Table 5.6 also shows that Portuguese imports are more concentrated than exports – 

unlike Belgium, but similar to Italy. This suggests that only a group of firms are able to face 

the costs related with both export and import activities. 

 

Table 5.6.: Concentration of Portuguese firms’ employees, 

sales and trade (1996 and 2003) 

Theil Index 1996 2003 

Employees 0.71 0.66 

Sales 1.53 1.33 

Exports 2.57 2.28 

Imports 2.61 2.54 

Total International Trade 2.41 2.22 

Source: Own calculations. 

 
Furthermore, unlike  other cases (e.g., Belgium), trade concentration in Portuguese firms  

decreased over time as both export and import Theil indexes declined from 1996 to 2003.  

In terms of sectors, despite the natural heterogeneity, the higher concentration of 

international trade is evident for every Portuguese sector, in 2003. Additionally, in half the 

cases, Theil indexes of imports are higher than the export ones (see Appendix B, Table B.1). 

                                                 
11 Moreover, of all large firms, only 13% are non-exporters – data available upon request. 
12 In our sample of Portuguese firms the Theil índex for trade is 55% higher than for sales..For Italian firms, that 
difference was 4% in 1993 and disappeared in 1997. Italy is compared with Portugal since to our knowledge it is 
the only study with the same methodology. 
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At another level, trade concentration may be the result of two complementary forces: (i) 

inter-sector effect, when exports and imports are concentrated in few sectors; (ii) intra-sector 

effect, when within the sector, some firms account for most trade activities. To test the weight 

of each component, we computed the decomposition of the Theil index into inter- and intra-

sector effects. Both Cowell and Jenkins (1995) and Castellani et al. (2010) assume that overall 

trade concentration can be explained by the simple sum of inter- and intra- concentration; the 

former assuming every firm within a certain sector replicates the average sector value of that 

variable and the latter being a weighted average of sectoral Theil indexes. Table 5.7 shows 

that, especially for exports, the concentration is mainly the result of a set of firms within each 

sector rather than the outcome of a sectoral specialization. 

 
Table 5.7.: Concentration of Portuguese firms (average 1996-2003) 

 Theil index Theil decomposition (% inter) Theil decomposition (% intra) 

Employees 0.70 8.7 91.3 

Sales 1.45 19.1 80.9 

Exports 2.10 8.8 91.2 

Imports 2.13 15.0 85.0 

Total Trade 2.26 22.2 77.8 

Source: Own calculations. 

 
Despite the low weight of inter-sectors share, it is clear that exporters concentrate 

predominantly in five sectors that represent around 50% of all exporters and 35% of the 

exported value: food and beverages, textiles, wearing apparel, machinery and metallic goods 

(see Appendix B, Table B.2.). 

 

5.3.2.3. Concentration along the extensive margin 

Several authors, including Eaton et al. (2004), for France and Mûuls and Pisu (2009) for 

Belgium, have claimed that trade concentration along the extensive margin reveals itself by 

the number of firms involved in trading activities and by the good and country diversification 

of each exporter. All those studies found a negative correlation between the number of 

markets and goods involved in trade (exports and imports) and the number of firms able to act 

in those conditions. This can be done by computing the elasticity of goods or markets relative 

to the number of firms. Tests for Portuguese firms produced the expected results (Table 5.8). 
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Table 5.8.1.: Elasticity of the number of firms with respect to the number of country destinations 

and goods exported 

 
Country 

Portugal Sweden France 

Number of country destinations -6.7* -1.7 -2.5 

Number of goods exported -4.1**  -1.4 --- 

Source: Own calculations. 
Notes: * means variation from 1 to 15 destinations; **  means variation from 1 to 14 goods. 

 

 

Table 5.8.2.: Elasticity of the number of firms with respect to the number of country origins and 

goods imported 

 
Country 

Portugal Sweden 

Number of country origins -10,1* --- 

Number of goods imported -6.2** -1.4 

  Source: Own calculations. 
  Notes: see Table 5.8.1. 

 
The frequency with which more markets are served declines monotonically until just 

one single firm serves the maximum number of markets. Nevertheless, the concentration 

along the extensive margin of imports is clearly superior to that observed in exports. 

On average in 1996 a Portuguese firm exported goods of 2 aggregated sectors13 and to 7 

countries,14 while in 2003 those numbers had improved slightly as the average firm exported 

goods of 2 sectors but to 8 different countries15, respectively. In 2003, the very few “complete 

exporters” that represented less than 0,12% of all exporters, managed to export to more than 

50 countries and also sold more than 5 distinct sectors/groups of goods. As for imports, in 

2003, the average importer imported 3 different sectors/groups of goods from 6 countries. 

This result was in line with other studies that show that exporters generally export fewer 

goods per firm than importers import (e.g., Bernard et.al., 2009, for the US firms where, in 

2003, an average US firm imported 66% more different goods than it exported). This gap is, 

however, narrowing over time for both Portuguese and the US firms. 

Table 5.9 shows that in 2003, 16% of all exporters sold just one type of good to a single 

country. This is an inferior weight than for Hungary, 20%, in 1999 (Békes et. al, 2009) or for 

                                                 
13 Our data involved a maximum of 18 different types of groups/sectors of goods. 
14 Our data involved a maximum of 214 different destination countries. 
15 Lawless (2008) reports for Irish firms, in the period 2000-2004, an average number of 6 countries. 
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France, 30%, for the same year16 (Mayer and Ottaviano, 2007). This suggests, at first sight, 

that the level of extensive margin of our Portuguese trading firms is superior to that observed 

in France and in Hungary. Moreover, the extensive margin of Portuguese firms seems to be 

highly stable, as the previous indicator in 2003 was quite similar to 1996. 

 

Table 5.9.1: Distribution of export firms (2003) by number of goods and destinations, % 

Number of Products 
Number of countries 

Total 
1 2-5 > 5 

1 16.3 15.1 9.5 41 

2-5 5.7 18.6 30.7 55 

> 5 0.3 0.5 2.7 4 

Total 21.3 34.2 42.9 100 

Source: Own calculations. 

 

Table 5.9.2.: Distribution of export values (2003) by number of goods and destinations, % 

Number of goods 
Number of countries 

Total 
1 2-5 >5 

1 1.4 3.1 7.5 12 

2-5 1.2 7.2 58.1 67 

>5 0.3 0.2 21.0 21 

Total 2.9 10.5 86.6 100 

Source: Own calculations. 

 

However, Table 5.9 shows a different situation. Considering firms that export more than 

5 goods to more than 5 markets, in Portugal such firms represent only 3% of all exporting 

firms. In Sweden this number is around 50%, in Italy near 70%, in France 35%, and in 

Hungary, about 20%, which suggests that, after all, extensive margins of Portuguese firms are 

lower than those in other countries. Although these results hinge critically on the dimensions 

of the sample studied, in terms of both imports (Table 5.10) and of exports a high 

concentration is observed. Indeed, 3% of all exporting firms selling more than 5 goods to 

more than 5 countries represent 21% of all exported value. On the import side, 9% of all 

importing firms buying more than 5 goods from more than 5 markets represent 55% of all 

imported value. 

                                                 
16 Even taking into account the fact that the breakdown of data is not comparable. 
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Those results show the importance of top exporters and top importers and their superior 

diversification performance, in goods traded and in markets linked. In fact, top exporters also 

have superior extensive margins as they export more goods to more countries: in 2003, the 

“elite group of exporters”, exported on average to 11 countries and goods of 3 distinct sectors. 

 
Table 5.10.1.: Distribution of import firms (2003) by number of goods and destinations, % 

Number of goods 
Number of countries 

Total 
1 2-5 >5 

1 11.5 10.1 8.0 30 

2-5 10.1 20.0 9.5 41 

>5 9.0 9.0 8.8 28 

Total 32 38 27 100 

Source: Own calculations. 

 

Table 5.10.2.: Distribution of import values (2003) by number of goods and destinations, % 

Number of goods 
Number of countries 

Total 
1 2-5 >5 

1 0.6 1.0 2.1 4 

2-5 1.5 2.4 28.7 33 

>5 2.0 7.2 54.5 63 

Total 4.1 10.6 85.3 100 

Source: Own calculations. 

 
5.3.2.4. Concentration along the intensive margin 

In 2003, the ten markets with the highest value exported by exporter concentrated 35% of the 

total number of Portuguese exporters and 75% of all exported value.17  In 1996, the 

corresponding group represented 39% of all exporting firms and 73% of all value exported. In 

both years, seven of the ten markets referred to (with superior exporter intensity) were 

composed of European Union (EU) partners (Appendix B, Table B.3). 

Moreover, the real growth (19%) of export values between 1996 and 2003 was mainly 

(75%) explained by the growth in the intensity of exports (average value exported by each 

exporter) rather than by the extensive margin (growth in the number of exporters). This 

outcome seems to fit the main “predictions” of Melitz (2003) and Lawless (2009). One of 

those “predictions” is that there should exist a “hierarchy” of markets with firms entering 

export markets in the order of some productivity cut-off points. Another “prediction” of those 

                                                 
17 With at least 100 firms exporting to that market (to exclude some particular operations involving only one firm 
and a single transaction). 
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models relates to how a firm’s sales should grow as they enter more export markets. In line 

with those models, it is expected that firms will tend to sell progressively less in each 

additional market as they move towards more difficult markets. In addition, as productivity 

increases, it is more likely that firms will increase their sales in those complex markets. This 

means that export growth, at the firm level, would more likely come from additional sales in 

existing markets than from new sales in new markets. 

Our results are clearly in accordance with such “predictions”. In 2003, with the 

exception of Angola, the ten most frequent destination markets of Portuguese exports18  

always present superior growth in the intensity of exports in comparison with extensive 

growth (Appendix B, Table B.4). 

 
5.3.3. International trade status persistency 

In line with other studies (e.g., Tucci, 2005, for India), we analyzed firm heterogeneity in 

association with trade status, considering exporting and importing activities. For that purpose, 

in each year, all firms were classified into four mutually exclusive categories/groups: Non-

Traders (NT), Only Exporters (OE), Only Importers (OI) and Two-Way Traders (TWT). In 

our database around 74% of firms are engaged in international activities. As in the case of 

Italy, Castellani et al. (2010), the large majority (68%) of Portuguese internationalized firms 

are TWT. To uncover the trading status dynamics, we computed the trade status transition 

matrix for two sub-periods: 1996-1999 (Table 5.11) and 2000-2003 (Table 5.12). 

 
Table 5.11.: Trade status transition matrix from 1996 to 1999, % 

1999 

1996 
NT OE OI TWT 

NT 82 6 8 3 

OE 13 60 5 22 

OI 12 1 38 50 

TWT 1 4 6 89 

  Source: Own calculations. 

 
 
 
 
 
 
 

                                                 
18 Selected by the absolute number of firms exporting to each destination country. 
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Table 5.12.: Trade status transition matrix from 2000 to 2003, % 

2003 

2000 
NT OE OI TWT 

NT 84 5 8 3 

OE 16 59 4 21 

OI 8 1 61 31 

TWT 1 1 5 93 

  Source: Own calculations. 

 
In the whole period, 1996-2003, the degree of global engagement of Portuguese firms 

grew considerably. In 1996, TWT represented 45% of firms, but in 2003 they already 

corresponded to 53%. Moreover, NT decreased their weight from 29% to 22% of firms. Since 

the transition dynamics is similar in both periods, NT and TWT status appear to be highly 

stable, while the OE and OI status seem to be more unstable. This is in line with Altomonte 

and Békes (2009), who found that OI and OE is not a steady-state equilibrium strategy of 

internationalized firms. Additionally, firms that are firstly OI or OE have similar probability 

of remaining in that status or of changing to a NT or TWT category. On the other hand, some 

firms have a transitory experience of trading (about 25% of firms trading at the beginning of 

the period are not trading in the final year), while others (mainly OI) tend to complete the full 

spectrum of the trading status. Indeed, half of the OI firms, in 1996, became TWT in 1999, 

suggesting that imports are a pre-condition for an export experience decision. 

At a sectoral level, the highest share of TWT firms is in radio, TV and communication, 

textiles, wearing apparel, leather, rubber and plastic, and electrical machinery (see Appendix 

B, Table B.2. for further details). 

 

5.4. Measuring traders’ premium 

5.4.1. Trader status 

In line with other studies, e.g., Andersson et al. (2008), Vogel and Wagner (2010), we found 

that increased international involvement is associated with better performance (Table 5.13). 

These results rely on: (i) non-traders are less productive, smaller in terms of sales, less capital 

intensive and pay smaller wages; (ii) among internationalized firms, two-way traders 

outperform firms only engaged in exporting or in importing activities; (iii) only importers 

outperform only exporters in all domains, namely in efficiency and capital intensity. In fact, 

the performance of only exporters is much closer to the outcome of domestic firms than that 

of only importers. 
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Table 5.13.: Trading status different average performances, 1996-2003            (values: 103 Euros) 

 NT TWT OE OI 

LP 27.7 50.5 37.8 47.6 

TFP 7.8 13,6 9.6 9.9 

Sales 2,102 16,878 2,524 6,097 

Wages 10.4 14.4 10.2 14.0 

Capital intensity 49.6 95.6 58.4 83.0 

% of firms 26 50 9 15 

Number of employees 57 147 91 68 

Source: Own calculations. 

 

This positive relation between trade engagement and firms’ performance requires 

further analysis, as the unconditional differences shown could be due to a sectoral 

composition effect, in line with sectoral differences shown in Appendix B, Table B.2. Thus, 

and like other studies (e.g., Castellani et al., 2010), we estimated the relationship between 

firms’ heterogeneous performance and internationalization status by running the regression: 

 

 it
OE
it

OI
it

TWT
itit controlsDDDy υϕβββα +++++= 321 , (5.1) 

 

where: (i) yit measures in logarithms (ln) firms’ labour productivity (LP), total factors 

productivity TFP, sales, capital intensity or number of employees; (ii) TWT
itD , OI

itD  and OE
itD  

denote, respectively, mutually exclusive dummy variables for a two way trader, a firm 

engaged only in importing and a firm engaged only in exporting activities – the reference 

group (omitted in the regression) are the non-trading firms; (iii) Controls is a vector including 

the log of firm’s employment19 together with five digit sector codes, a dummy for the 

existence of foreign capital share, a dummy for the existence of workers in R&D activities 

and also year dummies.20 

The results of the pooled OLS regression, in Table 5.14,21 show a relevant degree of 

heterogeneity across firms with different degrees of internationalization concerning all 

                                                 
19 Except when the dependent variable is the log of firms’ employees. 
20 There are important firm characteristics that would be appropriate to control for, such as the share of the intra-
firm trade (e.g., Haller, 2009), but they are not available in the database. 
21 Since the dependent variable is in logs and the independent variables are dummies, the exact percentage 
differentials are obtained by: (eβ-1) x100. 
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dependent variables, even after controlling for sector, foreign capital, time and dimension. It 

is clear that: (i) more internationally engaged firms are larger, more productive and more 

capital intensive than the less engaged ones; (ii) a hierarchy is observed between the 

internationalized firms, given the superiority of two-way traders, followed closely by only 

importers that outperform only exporters as in Muûls and Pisu (2009) for Belgian firms. 

 

Table 5.14.: Firm heterogeneity and internationalized status, Pooled OLS (1996-2003) 

 Dependent variable 

ln LP ln TFP ln Sales ln Cap. 

Intens. 

ln employees 

TWT 0.28 

(0.017) 

0.182 

(0.015) 

0.42 

(0.019) 

0.328 

(0.023) 

0.792 

(0.018) 

OE 0.027+ 

(0.023) 

0.025+ 

(0.022) 

0.077 

(0.028) 

0.024+ 

(0.033) 

0.282 

(0.028) 

OI 0.28 

(0.025) 

0,183 

(0.021) 

0.37 

(0.027) 

0.311 

(0.032) 

0.108 

(0.027) 

Observations 30,968 30,968 30,968 30,968 30,968 

R squared 0.35 0.35 0.61 0.05 0.14 

Prob > F 0 0 0 0 0 

Source: Own calculations. 
Notes: Robust standard errors appear below the coefficient estimates in parenthesis. * and **  mean statistical 
significance at 10% and 5%, respectively; + means not statistically significant; if nothing is mentioned, estimates are 
statistically significant at 1% level. Regressions include the log of employment, a dummy for foreign capital, a 
dummy for R&D workers, sector dummies and year dummies as controls. Estimations obtained with Stata 10 
software. 

 
Meanwhile, as the decision to export or to import may be driven by firm specific (time 

invariant) fixed effects, it is wiser to test a Fixed-Effect model, FE, as an alternative to the 

pooled OLS. Estimates in Table 5.14 translate differences in productivity, size or capital 

intensity across firms with different trading status but ignores the role of firm specific effects. 

Thus, assuming there are unobservable factors that are correlated with the variables used in 

the regression, the use of FE estimation is recommended in order to deal with omitted variable 

bias. The FE estimation (Table 5.15) will now show a correlation between a change in the 

trade status (beginning by NT) and a change in the dependent variable, conditioned by fixed 

firm specific effects. Despite the conceptual superiority of the FE, a causal interpretation of 

the estimated coefficients by FE is still risky, since possible random shock at the firm level 

would, at the same time, generate a change in the international status and a variation in the 

dependent variable. Nevertheless, if differences in independent variable coefficients arise 

between both estimations it suggests that firms’ (time invariant) characteristics are correlated 
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with their internationalisation status. Moreover, if estimates of coefficients of the FE model 

are not relevant but were significant in pooled OLS  it may mean that correlations between 

international status and firms’ performances are driven by self-selection mechanisms and do 

not reflect learning effects. 

 
Table 5.15.: Firm heterogeneity and internationalized status, FE (1996-2003) 

 Dependent variable 

ln LP ln TFP ln Sales ln Cap. 

Intens. 

ln Employees 

TWT 0.043 

(0.024) 

0.04* 

(0.019) 

0.054 

(0.009) 

0.026 

(0.008) 

0.028 

(0.008) 

OEXP -0.002+ 

(0.029) 

-0.004+ 

(0.029) 

0.038 

(0.012) 

0.020 

(0.009) 

0.019* 

(0.010) 

OIMP -0.002+ 

(0.027) 

-0.011+ 

(0.029) 

0.016**  

(0.011) 

-0.015**  

(0.009) 

-0.005+ 

(0.009) 

Observations 30,968 30,968 30,968 30,968 30,968 

R squared 0.22 0.52 0.59 0.03 0.05 

Prob > F 0 0 0 0 0 

Source: Own calculations. 
Notes: see Table 5.14. 

 
In addition, and in order to decide which model was the better choice, we computed two 

sequential tests. Firstly, the Breusch-Pagan (BP) test for the relevance of firm specific effects 

to be incorporated in a panel model. For all dependent variables, BP tests rejected the null 

hypothesis that the residuals are homoskedastic, thus rejecting the pooled OLS model. Then, we 

performed the Haussman test in order to understand if the individual effects are correlated with 

the other regressors. Hausman tests clearly indicated that FE is the better choice. Besides, F 

tests in all FE estimation confirm that FE was the most appropriate model to use. 

Since differences in performance between firms with different trading status sharply 

decline once time invariant firm heterogeneity is erased (Table 5.15) and only TWT status is 

still significant in explaining TFP changes, we concluded that firms’ performances are mainly 

related with time invariant specific firm characteristics. This may suggest that the decision to 

enter international markets may be mainly a function of a firm’s characteristics, in a self-

selection type phenomenon. Nevertheless, as a firm changes its status from NT to TWT an 

improvement in TFP and in LP can be observed, suggesting the existence of learning effects 

and  improvement of efficiency, through imports and/or exports. 
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Robustness checks 

The previous test was replicated for 5 different cohorts. We aggregated the initial 23 two-digit 

codes and 201 five-digit codes (the original INE desegregation) into a five sectoral 

classification of sectors based on technological sophistication (in line with Pavitt, 1984 - 

adapted): Group 1, Gr1, with the lowest technical sophistication (Food & Beverages + 

Tobacco); Group 2, Gr2, (Textiles, Wearing apparel and Leather); Group 3, Gr3, (Wood, Pulp 

& Paper, Printing, Furniture); Group 4, Gr4, (Chemicals, Rubber & Plastic, Non metallic 

goods, Basic metallic goods, fabricated metallic goods and Recycling sectors); Group 5, Gr5, 

with the highest technical sophistication (Machinery, Office machines & Computers, 

Electrical machinery, Medical Instruments, Motor vehicles and other transport equipment).  

We regressed Equation (5.1), considering (ln)TFP, separately for each of the 5 different 

groups using an FE model.22 The coefficients on OE and OI were always not statistically 

relevant and thus are not reported in Table 5.16. On the other hand, TWT coefficients were 

significant for Groups 1 and 2, thus suggesting that firms in the less technologically 

sophisticated groups evolving from NT to TWT are able to improve their efficiency. 

 

Table 5.16.: TWT coefficients for TFP and each group of firms 

Group 1 Group 2 Group 3 Group 4 Group 5 

0.136**  0.078**  0.0001+ -0.092+ 0.015+ 

Source: Own calculations 
Note: See Table 5.14. 

 

A second robustness test relates with the dimension of firms. We observed that working 

with a sub-sample of larger firms (number of employees > 50) the coefficient, on (ln) TFP, of 

TWT is almost twice as large (0.074) and becomes significant at 1% level. Similar tests 

performed with smaller firms proved to be not significant, as all internationalization 

coefficients become negative and without statistical significance. Finally, we combined larger 

dimension firms with firms belonging only to Group 1, which allowed us to observe the 

higher coefficient in the TWT variable: 0.22 and significant at 1% level. 

 
5.4.2. Trader extensive margin 

We found that firms which trade multiple goods with multiple markets perform better, in 

terms of productivity. Table 5.17, compares the performance, in terms of both TFP and LP of: 

                                                 
22 We used TFP as dependent variable as it has a wider ability to capture efficiency changes than LP. 
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i) TWT firms that trade one good versus TWT firms that trade ten goods and ii) TWT firms 

that trade with one market versus TWT firms that trade with thirty markets. The results show 

that more internationally involved firms present better levels of efficiency, especially in LP. 

These results are in line with several studies for exports (e.g., Bernard et al., 2007, for the US 

firms; Andersson et al., 2008, for Sweden; and Mayer and Ottaviano, 2007, for European 

firms). 

 

Table 5.17.: LP and TFP superiority (%) of TWT with high extensive margins 

 NSE NCE NSI NCI 

TFP ratio 17 15 23 17 

LP ratio 79 114 209 100 

 
 

 

 
However, these results are unconditional values, which may be affected by size, sectoral 

composition or time differences. Thus, in order to present more reliable results, we had to use 

parametric regressions where those aspects can be properly controlled. 

 it
nci
it

nce
it

nsi
it

nse
itit controlsxxxxay υβαααα ++++++= 4321 . (5.2) 

In equation (5.2), the x’s denote respectively the logarithm of the number of: sectors 

exported (NSE), sectors imported (NSI), countries where exports go (NCE) and countries from 

where imports are bought (NCI); controls is again a vector including the log of the firm’s 

employment together with a dummy for foreign capital share, a dummy for R&D workers and 

sector and a year dummies. Each regression refers to the sample of firms which are TWT 

throughout the period. We estimated the previous regression either by pooled OLS (Table 

5.18) or by the FE (Table 5.19). Applying the previous tests, we evaluated FE as the better 

choice. Estimated α are elasticities measuring the diversification premium of TWT. 

Table 5.18 shoes that, after controlling for size, foreign capital, R&D workers, sector 

and time effect, more diversified firms are also larger, more productive and more capital 

intensive. 

 
 
 
 
 
 
 
 

Source: Own calculations. 
Notes: NSE, NSI, NCE and NCI stand for the number of goods exported, the number of 
goods imported, the number of countries exported to, and the number of countries 
imported from.  
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Table 5.18.: Firm heterogeneity along sector and country extensive margins, Pooled OLS 

 Dependent variable 
ln LP ln TFP ln Sales ln Cap. 

Intens. 
ln Employees 

lnNSE -0.028+ 

(0.076) 

0.052 

(0.011) 

0.023+ 

(0.017) 

-0.083 

(0.019) 

0.154 

(0.016) 

lnNCE 0.132 

(0.042) 

0.005+ 

(0.005) 

0.187 

(0.010) 

0.119 

(0.011) 

0.248 

(0.008) 

lnNSI 0.921 

(0.084) 

0.135 

(0.011) 

0.541 

(0.019) 

0.400 

(0.021) 

0.453 

(0.017) 

lnNCI -1.015 

(0.061) 

0.080 

(0.008) 

0.231 

(0.014) 

0.140 

(0.015) 

0.144 

(0.013) 

Observations 16,043 16,043 16,043 16,043 16,043 

R squared 0.11 0.21 0.50 0.13 0.36 

Prob > F 0 0 0 0 0 

Source: Own calculations. 
Notes: see Table 5.14. 

 

In particular, diversification of imports (goods/sectors) has the strongest association 

with firm heterogeneity. For example, a 10% increase in NSI is associated with 9.2% higher 

LP, 1.4% higher TFP, 5.4% higher turnover and 4.0% higher capital intensity. The premiums 

associated with NCI are smaller, but still sizable (except for LP). Besides, since the 

coefficients for the capital intensity are positive and statistically significant especially for the 

import side it suggests that, to enter new import markets, firms need to have the ability to 

value, assimilate and apply new knowledge incorporated in imports of high capital intensity. 

Using the FE model, the estimated premiuns reduce substantially and in terms of TFP 

have almost no relevance. Nevertheless, we still find a relevant effect on TFP of the number 

of goods exported and on LP in the sector extensive margin of imports. In general, Table 5.19 

shows the greater significance of imports in explaining firms´ superior performances. 

 
 
 
 
 
 
 
 
 
 
 
 



90 
 

Table 5.19.: Firm heterogeneity along sector and country extensive margins, FE 

 Dependent variable 

ln LP ln TFP ln 

Sales 

ln Cap. Intens. ln 

Employees 

lnNSE -0.030+ 

(0.176) 

 0,017* 

(0.010) 

0.021* 

(0.009) 

0.001+ 

(0.008) 

0.014 

(0.006) 

lnNCE -0.030+ 

(0.164) 

- 0,010+ 

(0.009) 

0.076 

(0.008) 

0.027 

(0.007) 

0.052 

(0.006) 

lnNSI 0.847 

(0.203) 

0,001+ 

(0.012) 

0.051 

(0.010) 

0.044 

(0.009) 

0.05 

(0.007) 

lnNCI -1.96 

(0.096) 

0.004+ 

(0.006) 

0.008* 

(0.004) 

0.024+ 

(0.004) 

-0.003+ 

(0.003) 

Observations 16,043 16,043 16,043 16,043 16,043 

R squared  0.05 0.06 0.41 0.003 0.23 

Prob > F  0 0 0 0 0 

Source: Own calculations. 
Notes: see Table 5.14. 

 

Robustness checks 
 
As with the first equation, we also retested the differences of the 5 cohorts of firms (Table 

5.20). The coefficients of NSE are positive and statistically relevant only for Groups 1 and 2, 

suggesting that firms from those sectors become more efficient as they diversify their range of 

exported goods. Firms from more technologically sophisticated sectors do not improve 

efficiency as they diversify the number of goods either in exports or in imports. 

 

Table 5.20 – TWT coefficients for TFP and each group of firms 

 Group 1 Group 2 Group 3 Group 4 Group 5 

lnNSE 0.089* 0.034* -0.006+ 0.033+ -0.06 

lnNCE -0.060+ -0.014+ -0.009+ -0.024+ 0.015+ 

lnNSI -0.40+ 0.039* 0.005+ -0.026+ 0.013+ 

lnNCI 0.012+ 0.003+ -0.063* 0.011+ 0.009+ 

Source: Own calculations. 
Notes: See Table 5.14. 

 

With regard to the dimension of the firms we noticed that for smaller firms (up to 50 

employees) the NSE effect is the only one significant but is four times stronger (0.039) than 
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for larger firms (0.011), thus suggesting firms may have limits in order to profitably expand 

the number of goods exported. 

 

5.4.3. Trader market heterogeneity 

Heterogeneity in the performance among traders also relies on the destinations of exports and 

on the origin of imports, Serti and Tomasi (2008b). Indeed, we can use two main arguments: 

(i) differences in each country of competitive pressures, income, distance, technological 

competences, language or institutional and legal structures that cause different sunk costs to 

access different markets; (ii) there may be differences between firms trading with the same 

countries but with different good composition. In this case it may arise as an effect of 

different networks created or of different legal barriers, such as trade policies and differences 

in market structure inherent to each good. 

 
5.4.3.1. Assessing traders’ heterogeneity 

To test how each firms’ performance differs according to the type of market they trade with, 

we separated firms exporting status into 4 mutually exclusive groups of export destinations: 

(i.1) only to European Union countries (E_EU); (i.2) only to PL countries (E_PL); (i.3) only 

to other Developed countries (E_ODEV);23 (i.4) only to Non-Developed countries (E_NDEV). 

Additionally, we considered firms that export to more than one group of markets, namely to: 

(ii.1) EU and PL countries (E_EU+PL); (ii.2) EU and ODEV countries (E_EU+ODEV); (ii.3) 

all other possible combinations of markets (E_Multiple). 

For imports, we considered five groups: (i) only from EU countries (I_EU); (ii) only 

from ODEV countries (I_ODEV); (iii) only from PL countries (I_PL); (iv) only from NDEV 

countries (I_NDEV); (v) other possible combinations of countries (I_Multiple). 

Then, we computed the means of the various performance measures for each of seven 

groups of exporting firms and for each of the five groups of importing firms; finally, we 

performed regressions for some performance variables on these groups of trade partners, 

controlling for the usual variables. Table 5.21 shows that exporters that sell to many types of 

countries (called as “Multiple”) present the best performances. 

 

 

 

                                                 
23 In this group we included: The USA, Japan, Australia, New Zealand, South Korea, Singapore, Hong-Kong, 
Canada, Israel, Taiwan, Switzerland, Kuwait, Oman, Qatar, UAE, Bahrain, Saudi Arabia.  
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Table 5.21. : Exporter’s different average performance, 1996-2003  (values: 103 Euros) 

 EU PL EU+PL ODEV EU+ODEV NDEV Multiple 

LP 17.7 23.2 24.3 16.2 14.5 15.8 24.9 

TFP 0.405 0.444 0.368 0.404 0.357 0.398 0.402 

Sales 6,504 3,785 11,834 3,277 8,455 6,026 19,962 

No Employees 92 58 90 61 121 59 208 

No goods 1.8 1.9 2.4 1.6 2.0 1.9 2.8 

No countries 3.4 1.8 4.5 1.7 3.0 2.1 14.6 

Earnings  73 115 169 4 58 -120 596 

Cap. Intensity 50 47 79 42 37 38 80 

Source: Own calculations. 

 
In fact, in line with the theoretical models of Chaney (2008), Lawless (2009) and 

Helpman et al. (2008) firms with higher productivity levels are better prepared to trade with a 

larger number of diversified countries and to face a larger sum of different sunk entry costs. 

According to those models, firms begin to export to markets with lower productivity than 

their own level; this argument would explain why firms with “low” productivity would be 

able to export only to a limited group of destinations. Moreover, the models referred to also 

assume that the alleged productivity thresholds (different sunk costs) vary across markets as a 

result of distance, income, language, historical familiarity, legal and institutional structures. 

 

Table 5.22.: Importers’ performance differences (1996-2003) (values: 103 Euros) 

 EU ODEV PL NDEV Multiple 

LP 18.5 14.3 13.0 13.1 23.0 

TFP 0.42 0.41 0.35 0.32 0.41 

Sales 6,653 4,575 3,525 2,519 22,902 

No Employees 84 65 62 44 191 

No goods 2.8 1.7 1.5 1,4 4,2 

No countries 3.8 1.4 1.8 1,8 9,6 

Earnings 401 -52 43 -60 459 

Cap. Intens. 52 35 33 32 69 

Source: Own calculations. 
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At another level, there are few studies connecting traders’ characteristics and extensive 

margin diversification in imports. In the case of Italian firms, in a rare work on the subject 

Serti and Tomasi (2008b) found that importers from EU countries had the highest 

performance levels. We also observed the same outcome for Portugal (Table 5.22). 

Both Table 5.21 and Table 5.22 seem to confirm these assumptions, as exporters to the 

more global group, classified as “Multiple”, present the best performances for all indicators 

(but TFP) and importers from several sources (also classified as “Multiple”) also present the 

best performances, followed by importers from EU countries. This could possibly support the 

thesis of the higher sunk entry costs in different countries, given the need to have a certain 

level of prerequisites. Besides, the moderate performance levels presented by exporters to the 

EU could be due to exports to a “local market” given the familiarity and short distance 

between Portugal and EU countries.24 In addition, exports to PL countries are associated with 

better performance. This may be a consequence of the distance and of higher transaction costs 

that Portuguese firms face when trading with those markets. In fact, despite linguistic, cultural 

and historical closeness between Portugal and PL countries, there are bigger geographical, 

economic and institutional differences to be overcome in order to reach those markets.  

In order to present a more precise and detailed analysis (in line with Serti and Tomasi, 

2008b), it is imperative to perform regressions of the following type: 
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where E’s and I’s denote the dummies for exporters and importers, respectively, trading with 

the categories of countries already mentioned. Each α translates the percentage premia for 

exporters or importers with the various markets and with respect to NT. We estimate the 

previous regression either by pooled OLS (Table 5.23) or by the FE model (Table 5.24). We 

also confirmed that the FE is the better choice given the methodology adopted. 

These results confirm that: exporters to several groups of destinations (“Multiple”) are 

the most labour productive, the biggest and the most capital intensive ones. Importers from 

the EU and from several groups of countries (“Multiple”) present the best performances; 

moreover imports from NDEV countries are always not relevant for the explanation of firms’ 

performances. This means that high-tech capital goods are bought precisely from the EU 

countries (near 90% of the total imports of that type come from EU countries) and also from 
                                                 
24 Especially with Spain, France and Germany that are the main commercial partners and are near Portugal. 
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other developed countries, such as the US and Japan; as an example, imports of machinery 

and capital goods are from Germany (33%), Spain (17%), Italy (14%) and France (10%). 

Firms that import should have developed a proper absorptive capacity to integrate such inputs 

and goods into their production. It is interesting to note that a comparison between the import 

and the export side, counting the number of relevant coefficients and averaging their levels, 

reveals that importing matters rather more than exporting in explaining trading premia. 

 

Table 5.23.: Trade premium by type of country development, 1996-2003; Pooled OLS 

 Dependent variable 

lnLP lnTFP lnSales lnCap. Intens. lnemployees 

EEU≡E1 -0.175 

(0.026) 

-0.09 

(0.243) 

-0.074**  

(0.016) 

0.135 

(0.034) 

-0.289 

(0.043) 

EPL≡E2 -0.016 

(0.064) 

0.052 

(0.054) 

-0.015* 

(0.039) 

-0.068+ 

(0.086) 

-0.223 

(0.105) 

EEU+PL≡E3 0.081* 

(0.053) 

-0.016+ 

(0.045) 

0.11 

(0.032) 

0.697 

(0.070) 

0.200 

(0.087) 

EDEV≡E4 -0.066* 

(0.047) 

0.003+ 

(0.044) 

0.024* 

(0.029) 

-0.018+ 

(0.064) 

-0.213 

(0.078) 

ENDEV≡E5 -0.002+ 

(0.091) 

-0.009+ 

(0.078) 

0.125 

(0.055) 

-0.11+ 

(0.110) 

0.054+ 

(0.147) 

EEU+DEV≡E6 -0.251 

(0.026) 

-0.124+ 

(0.021) 

-0.217 

(0.016) 

0.345 

(0.035) 

-0.375 

(0.042) 

EMultiple≡E7 0.074 

(0.023) 

0.007+ 

(0.020) 

0.058 

(0.014) 

0.645 

(0.030) 

0.195 

(0.038) 

IEU≡ I1 0.239 

(0.023) 

0.011 

(0.020) 

0.116 

(0.014) 

0.256 

(0.031) 

0.397 

(0.038) 

IDEV≡ I2 0.085* 

(0.047) 

0.047* 

(0.040) 

0.133 

(0.029) 

0.226* 

(0.111) 

0.093+ 

(0.078) 

IPL≡ I3 0.019+ 

(0.126) 

-0.013+ 

(0.118) 

-0.064+ 

(0.078) 

0.111+ 

(0.171) 

0.075+ 

(0.212) 

INDEV≡ I4 0.037+ 

(0.084) 

0.052+ 

(0.078) 

-0.048* 

(0.051) 

0.046* 

(0.111) 

0.019+ 

(0.132) 

IMultiple≡ I5 0.354 

(0.022) 

0.185 

(0.019) 

0.169 

(0.013) 

0.65 

(0.027) 

0.489 

(0.035) 

Observations 26,208 26,208 26,208 26,208 26,208 

R squared 0.22 0.25 0.15 0.27 0.20 

Prob. > F 0 0 0 0 0 

Source: Own calculations. 
Notes: Since the dependent variable is in logs and the explanatory variables are dummies, the exact 
percentage differential is given by (eα-1) x100. See also Table 5.14.  
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In Table 5.24, once time invariant firm heterogeneity is removed, the differences 

between internationalized firms and non-traders are sharply reduced and in most cases 

become non-statistically relevant. Indeed, on the export side, the premia associated with 

destinations is not relevant, except for “sales” and for “multiple” type destination, indicating 

that previous OLS premia in some exporting destinations is mainly related with a self-

selection phenomenon. In addition, looking at TFP regression, which could roughly indicate 

the existence of learning effects with exports, all coefficients are not statistically relevant. 

 

Table 5.24 – Trade premium by type of country development, 1996-2003; FE Model 

 Dependent variable 

lnLP lnTFP lnSales lnCap. Intens. lnemployees 

EEU≡E1 0.012+ 

(0.042) 

-0.017+ 

(0.043) 

0.027* 

(0.019) 

0.007+ 

(0.047) 

0.127 

(0.043) 

EPL≡E2 0.055+ 

(0.056) 

0.027+ 

(0.061) 

0.040* 

(0.030) 

0.091* 

(0.063) 

0.050+ 

(0.050) 

EEU+PL≡E3 0.054+ 

(0.056) 

-0.045+ 

(0.062) 

0.711 

(0.027) 

0.027+ 

(0.063) 

0.257 

(0.055) 

EDEV≡E4 -0.016+ 

(0.072) 

0.037+ 

(0.079) 

0.033+ 

(0.034) 

-0.079+ 

(0.081) 

0.017 

(0.055) 

ENDEV≡E5 (0.061) + 

(0.112) 

-0.039+ 

(0.134) 

0.057+ 

(0.057) 

0.023+ 

(0.132) 

0.009+ 

(0.127) 

EEU+DEV≡E6 0.030+ 

(0.043) 

0.051+ 

(0.048) 

0.042 

(0.021) 

-0.022+ 

(0.049) 

0.241 

(0.044) 

EMultiple≡E7 0.043+ 

(0.040) 

-0.046+ 

(0.045) 

0.059 

(0.042) 

0.014+ 

(0.046) 

0.267 

(0.042) 

IEU≡ I1 0.011* 

(0.042) 

0.010+ 

(0.048) 

0.078 

(0.021) 

0.17 

(0.049) 

0.139 

(0.015) 

IDEV≡ I2 -0.046+ 

(0.073) 

-0.014* 

(0.081) 

0.023+ 

(0.035) 

0.144* 

(0.082) 

0.117* 

(0.076) 

IPL≡ I3 0.004+ 

(0.146) 

-0.040+ 

(0.16) 

-0.025+ 

(0.071) 

0.052+ 

(0.167) 

-0.19+ 

(0.154) 

INDEV≡ I4 0.050+ 

(0.152) 

-0.069+ 

(0.168) 

-0.001+ 

(0.072) 

-0.037+ 

(0.177) 

-0.033+ 

(0.159) 

IMultiple≡ I5 0.108* 

(0.044) 

-0.011+ 

(0.049) 

0.077 

(0.021) 

0.21 

(0.051) 

0.191 

(0.046) 

Observations 26,208 26,208 26,208 26,208 26,208 

R squared 0.16 0.01 0.11 0.01 0.13 

Prob > F 0 0 0 0 0 

Source: Own calculations. 
Notes: see Table 5.14 and Table 5.23 comments. 
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On the import side, OLS versus FE comparisons show the existence of a self-selection 

phenomenon in all markets, since all FE estimations are less statistically relevant. However, 

in EU markets and multiple origin markets, in most cases relevant coefficients can be 

observed in FE regressions. These facts advise the presence of learning-by-importing effects 

for imports from EU and those multiple markets. In this line, the high OLS premia associated 

with EU and multiple imports could be explained by self-selection and by learning effects. 

 
5.4.3.2. Robustness checks 

Sectoral desegregation 

Overall, the previous results seem to confirm that differences among firms are partly 

explained by the diversity of destinations of exports and origins of imports. Nevertheless, it is 

wise to perform a finer level of desegregation in order to observe if the previous picture is 

extended to the manufacturing system as a whole or is the misleading effect of aggregation, 

disregarding the true reasons. For that purpose, we used the usual group desegregation of five 

sectoral classification based on technological sophistication level. 

 
Table 5.25.: Trade premium of TFP by type of country: sectoral analysis, 1996-2003 

 E1 
E2 E3 E4 E5 E6 E7 I1 I2 I3 I4 I5 Obs 

Gr1 .094+ .01+ .14+ -.02+ .07+ .23* .18* .14* .04 -.31+ -.12+ .30**  3220 

Gr2 .033+ -.04+ .29**  .01+ .04+ .02+ .09* .02+ .03**  .26* .09+ .12* 7860 

Gr3 -.17* .11+ -.13+ .08+ -.28+ -.17* -.11* .22**  .22* -.54* .41+ .37* 4322 

Gr4 .002+ .17+ -.07+ .13* -.07+ -.19**  -.11**  .11**  .03+ .01+ -.11+ .25* 7392 

Gr5 -.08+ -.64+ -.17* .34**  .50+ -.99* -.10**  .02+ .00+ .07+ .11+ .07* 4110 

Source: Own calculations by Pooled OLS. 
Notes: see Table 5.14.  

 
The results of Table 5.25 show that exporters to several groups of destinations 

(“Multiple”) are always statistically significant and have a positive correlation in the case of 

firms belonging to the lower levels of sector technological sophistication (Gr 1 and 2). On the 

other hand, more evolved technological firms present more productive levels when trading to 

more developed destinations. Importers from the EU and from several groups of countries 

(“Multiple”) once again present the best performances, as happened in the general aggregated 

estimation. 
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The particular case of exports to Spain and of imports from Germany 

Given the high weight of Portuguese exports to Spain, we created an additional mark to 

separate the firms exporting only to that country: (E_SPA) and accordingly we rearranged the 

previous mark for firms exporting only to other European Union countries (E_EU). 

An analysis for the TFP variable shows that: firms exporting to Spain, to other European 

Union countries and simultaneously to other developed countries and to the European Union 

present the lowest TFP level, thus suggesting they face fewer barriers and lower costs to 

export to those destinations. Other results follow the pattern observed before (Table 5.26). 

 
Table 5.26.: Trade premium by type of country development, 1996-2003 

(Exports to Spain detached) 

 Source: Own calculations by Pooled OLS. 
 Notes: see Table 5.14; Obs = 24576; R sq = 0.25. 

 

In a second extension of the detailed analysis of trade we created an additional mark for 

firms that import only from Germany (I_GER) and accordingly we adjusted the mark for 

European Union country imports (I_EU). The general pattern (Table 5.27) still holds and in the 

case of firms importing from Germany we observed that they display positive import 

premium, suggesting it represents a prerequisite to benefit from their trading activities. 

Imports of German technologically complex goods, machinery and similar inputs need an 

adequate absorptive ability which in turn demands superior TFP levels. 

 

Table 5.27.: Trade premium by type of country development, 1996-2003; Pooled OLS 

(Exports to Spain and imports from Germany detached) 

lnTFP IGER ESPA E1 
E2 E3 E4 E5 E6 E7 I1 I2 I3 I4 I5 

OLS .02* -.001+ -.10**  .06* .17* .00+ -.12**  .008+ .009* .09**  .05* .013+ -.05+ .17**  

 Source: Own calculations. 
 Notes: see Table 5.14; Obs = 24572; R sq = 0.26. 

  
 

We also performed an FE version of the previous equation (Table 5.28). Since this 

model takes a “causal flavour”, as it estimates a correlation between a change in the trading 

status and a change in TFP, we can see that only for Spain and for exports with more than one 

lnTFP ESPA E1 E2 E3 E4 E5 E6 E7 I1 I2 I3 I4 I5 

OLS -.001+ -.10**  .06* .17* .00+ .008+ -.121**  .009* .09**  .05* .013+ -.05+ .17**  
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group of countries (EU+PL and “Multiple”) there is a sign of possible LBE effects, thus 

excluding similar probable LBE with less developed countries or even with only PL countries. 

On the import side, those made from Germany maintain the importance. 

 
Table 5.28.: Trade premium by type of country development: 1996-2003; FE model 

(Exports to Spain and imports from Germany detached) 

lnTFP IGER ESPA E1 
E2 E3 E4 E5 E6 E7 I1 I2 I3 I4 I5 

FE .01* .11+ .03 .08+ .10**  .01 -.05**  .005+ .07* .05+ -.1+ .05+ .07+ .04+ 

Source: Own calculations. 
Notes: see Table 5.14; Obs = 24572; R sq = 0.18. 

 
The special case of exports to difficult markets 

The hardest destination markets for Portuguese firms are the most “distant” ones in terms of 

geography, politics, legal structure, economic structure, culture and language. Firms that trade 

with those markets may have to overcome the highest sunk costs of trade entry.  In order to 

test this hypothesis, we classified as difficult countries (DC) those to which fewer than 50 

Portuguese firms exported in 2003 (Appendix B, Table B.5). In 2003, there were 461 fearless 

firms (FF) in our working database that had managed to export to at least one market of this 

type.25 Comparing those firms’ performances, in 2003, with the average of all firms of our 

working database, the clear superiority of firms selling to those destinations is evident (Table 

5.29). 

 
Table 5.29.: Fearless firms’ superiority 

2003 TFP Employees Investment Capital Sales 

% premium 31 121 205 205 167 

Source: Own calculations. 
 

 

In order to further test this thesis, we rearranged Table 5.23 by including “fearless 

firms”. Thus, it is observable that firms exporting to the mentioned Difficult Countries (DC) 

have the best performances, with all firms exporting to more than one group of countries. On 

the other hand, firms that present lowest TFP are those selling to EU and other developed 

countries. 

 

                                                 
25 In 2003 the exports to those countries represented 0,6% of all exported value and the firms involved were 3% 
of all exporting firms. 
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Table 5.30.: Trade premiums by type of country development, 1996-2003; Pooled OLS 

(Exports to Spain and to Difficult Countries are detached) 

lnTFP EDC ESPA E1 
E2 E3 E4 E5 E6 E7 I1 I2 I3 I4 I5 

OLS .107 .068+ -.06 .034+ .041+ -.01+ -.04+ .056* .106 .15 .06+ -.03+ .00+ .31 

Source: Own calculations. 
Notes: see Table 5.14; Obs = 24572; R sq = 0.18. 

 
Looking for additional insight we also performed an FE model estimation (Table 5.31). 

 
Table 5.31.: Trade premiums by type of country development, 1996-2003; FE model 

(Exports to Spain and to Difficult Countries are detached) 

lnTFP EDC ESPA E1 
E2 E3 E4 E5 E6 E7 I1 I2 I3 I4 I5 

FE 0.03* 0.12**  .02+ .022+ .121 .07+ .05+ .10* .12 .07* -.04+ -.03+ -.01+ .08+ 

Source: Own calculations. 
Notes: see Table 5.14; Obs = 24572; R sq = 0.14. 

 
Firms that export to DC now have a non significant coefficient in the regression, thus 

suggesting that those firms have high correlation with TFP as they self-select for those 

markets but do not learn with them. The highest coefficient levels are detected in firms 

exporting to more than one group of countries, to Spain and to both EU and PL. In the latter 

cases it is reasonable to admit that possible “learning effects” associated with exports to Spain 

and PL countries may be connected with firms of lower technological level. 

 
Sectoral desegregation for all cases  

Using an FE model we decomposed the previous structure of analysis for the five Group 

sectors already known. As we have stated, exports to Spain seem to improve efficiency only 

for less technologically sophisticated firms, while exporting to several groups of markets 

(“Multiple”) has a more generalised positive effect. On the import side only medium and high 

level technological firms seem able to benefit from the imports coming from the EU and from 

Germany, which is in accordance with their superior learning by importing propensity. 
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Table 5.32.: Trade premium of TFP by type of country: sectoral analysis, 1996-2003 

 EDC ESPA E1 
E2 E3 E4 E5 E6 E7 I1 I2 I3 I4 I5 Obs 

Gr1 -.11+ .03**  -.03+ .02+ -.01+ .02+ .07+ .07+ .15* -.13+ .04 -.39 -.12+ .30+ 3220 

Gr2 .01+ .09* -.04+ .04+ -.29+ .13+ .16+ .01+ .07+ .03+ .07+ -.14 .05 .08+ 7860 

Gr3 .09* .08* -.10+ -.24 .03+ .23* -.02+ .04+ -.04+ .08+ -.15+  -.02+ .14* 4322 

Gr4 .07* .08* .05+ .14+ .14+ .01+ .02+ .10+ .10* .24 -.03+ .02+ -.02+ .11* 7392 

Gr5 .01* .18* .02+ -.05+ .16+ -.10+ .23+ .07+ .09+ .22* -.16+ .18+ -.05+ -.15+ 4110 

Source: Own calculations by Fixed Effects model. 
Notes: see Table 5.14.  

 

5.4.4. Dynamic specification 

Although previous empirical studies do not suggest a dynamic specification, we decided to 

introduce a dynamic variant of the static model, since in this static model there may be issues 

with serial correlation of dependent variables and with endogeneity of some explanatory 

variables (e.g., the number of goods traded or the ability to export to “difficult countries” may 

cause changes in TFP but the inverse causality is also possible). Then, in each Equation (5.1), 

(5.2) and (5.3), and for each dependent variable we included an additional explanatory 

variable: the one time lagged dependent variable, always controlling for the usual variables. 

For the regressors we tested two hypotheses: of strictly exogenous regressors and of 

predetermined regressors with a lag of one year. We used both the Arellano-Bond (1991) and 

the Arellano-Bover (1995), Blundell-Bond (2000) regressors (with one step). For Equation 

5.2 and 5.3, the Sargan test26 rejects the validity of the instruments used and so we abandoned 

the dynamic specification. In the dynamic version of Equation 5.1, the Sargan test confirmed 

the validity of the instruments and we also confirmed that there is no serial correlation in the 

first differences;27 none of the internationalization coefficients are significant. 

Nevertheless, a more disaggregated analysis allows us to obtain significant coefficients 

for TWT and for the sub-sample that combines firms with higher dimension and inferior 

technological skills (Table 5.33). 

 

 

 

                                                 
26 The hypothesis being tested with the Sargan test is that the instrumental variables are uncorrelated to some set 
of residuals, and therefore they are acceptable instruments. 
27 Using Arellano-Bond test for zero autocorrelation in first-differences errors, where this is possible. 
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Table 5.33.: Dynamic panel data model for equation 5.1 

Dependent variable: ln TFP 

 Gr 1 and 2 

Dim.>50 

Gr 1 and 2 

Dim.<50 

Gr 3, 4 and 5 

Dim.>50 

Gr 3, 4 and 5 

Dim.<50 

TWT 0.133**  

(0.065) 

-0.062+ 

(0.149) 

-0.015+ 

(0.051) 

-0.052+ 

(0.083) 

OEXP 0.022+ 

(0.082) 

-0.142+ 

(0.166) 

0.022+ 

(0.07) 

-0.024+ 

(0.094) 

OIMP -0.045+ 

(0.079) 

0.024+ 

(0.133) 

0.030+ 

(0.070) 

-0.098+ 

(0.084) 

lnTFP t-1 
-0.98 

(0.009) 

-0.98 

(0.002) 

-0.99 

(0.002) 

-0.99 

(0.000) 

Observations 2716 4652 3608 1550 

Prob > Chi2 

(Wald Test) 
0.000 0.000 0.000 0.000 

Prob > Chi2 

(Sargan Test)  
0.0003 0.0230 0.0048 0.0072 

Source: Own calculations. 
Notes: see Table 5.14. 

The dynamic panel data analysis provides more reliable results and confirms the main 

static panel data findings, in particular, the positive effect of internationalization (exports and 

imports) on productivity, suggesting the existence of dual learning (by exporting and by 

importing) in the sub-sample of firms with more than 50 employees and belonging to less 

sophisticated sectors (Groups 1 and 2). 

 
5.5. Conclusions 

Exploiting a database that combines data on a representative sample of the economic and 

financial performance of Portuguese firms with data on their exporting and importing activity, 

for the first time for Portugal we present a picture of firms that were involved in international 

trade for the period 1996 to 2003. 

In line with some recent studies and theories, we confirmed that: (i) trade is highly 

concentrated in a small group of firms; (ii) firms with different international-involvement 

levels have different performances, regarding productivity, sales, number of employees and 

capital intensity. Overall, the stronger the firms’ international engagement, the better the 

performances. This chapter highlights and supports recent theories and models of 
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international trade with heterogeneous firms, at variance with the traditional theories founded 

on the comparative advantage of countries. 

We analysed trade concentration in Portuguese firms inter and intra-sectors and found 

that it is more evident on the import side than with regard to exports, although it is declining 

and doesn’t appear to be higher than in other countries. An important trade concentration is 

observed both in intensive and in extensive margins.  

Using panel data linear static models and also, when possible, dynamic panel data 

analysis, our study evolved at three distinct levels: the international trading status, the 

extensive margin performance (both at country and good levels) and the heterogeneity of 

markets involved in international activities. We found that two way traders are the best 

performers and that only importers outperform only exporters. We noticed that geographical 

and sectoral diversification, both in exports and imports, is positively correlated with firms’ 

economic performance. We also revealed that exporters selling only to European countries 

appear to be the least efficient ones, suggesting that firms self-select to markets in which the 

productivity level is lower than their own. In turn, importers from European countries 

revealed higher performances (especially in German imports) since they import mainly high-

tech capital goods that demands a higher previous efficiency from firms in order to benefit 

from those shopping. We also reveal the superior productivity of a limited number of firms 

managing to export to difficult markets. Finally, in a robustness and validation action, we 

divided our database according to sectoral groups of firms and also firms´ dimension, aiming 

to uncover even more specificities in the connections between trade involvement and firms´ 

ability and efficiency.   

Altogether, the main contribution of this chapter may be the fact that it suggests that 

future studies aiming to uncover the connections between the performance of Portuguese 

firms and their international trade involvement must take into consideration the specificities 

of the markets that firms trade with and of the diversity of goods involved. 
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Chapter 6 

Self-selection and Learning-by-Exporting in Portuguese 

manufacturing firms *† 
 

 

 

Abstract: Using a longitudinal database (1996-2003) at the plant level, this chapter aims to shed light, 

for the first time, on the causal nexus between international trade engagement and productivity in 

Portugal. We study both the self-selection to exports and the learning-by-exporting hypotheses. We 

find that more productive, more capital intensive and larger firms are able to support the higher 

exporting costs in a clear evidence of self-selection. However, this link appears to have heterogeneous 

configurations, depending on several factors, namely the destination of exports and the importer status 

of firms before exporting. To test the learning-by-exporting hypothesis, in line with recent empirical 

literature, we apply mainly the Propensity Score Matching and a differences-in-differences estimator. 

In post-entry years we find a higher growth of labour productivity and total factor productivity for new 

exporting firms when compared to firms that, although having similar characteristics, have decided not 

to begin exporting in that year. Moreover, in an attempt to uncover the channels through which the 

learning effects are driven to new exporters, we applied the same methodology to some sub-samples. 

We found that learning effects are higher for new exporters that are also importers or start importing at 

the same time. Other important factors influencing that learning ability are found in firms that export 

to more developed markets, in those that achieve a certain threshold of export intensity and 

particularly for those firms that belong to sectors in which Portugal is at a comparative disadvantage. 

 

Keywords: Exports, Imports, Self selection, Learning-by-exporting, Matching. 

JEL codes: F14, D24. 

                                                 
* The results in this chapter have been published in two working papers (Silva et al., 2010c; Silva et al., 2010d), 
and were accepted to presentation in the following conferences: Lausanne, September 2010:12th Conference of 
European Trade Study Group, ETSG. 
†This chapter contains statistical data from the National Institute of Statistics of Portugal (INE). The data is used 
under the permission of INE but does not imply the endorsement of INE in relation to the interpretation or 
analysis of the statistical data. 
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6.1. Introduction 

Since the 60s, cross-country macroeconomic literature has established a positive correlation 

between trade and growth. However, at the firm level, there is still an on-going debate on the 

relationship between trade and firms’ performances, namely productivity. Pioneered by the 

works of Bernard and Jensen (1995) and Aw and Hang (1995), several works have been 

produced in recent years aiming to shed light on this issue. 

There are two non-mutually exclusive theses to explain the observed high correlation 

between trade and productivity, at the firm level: the “self-selection” thesis (SS), assuming 

that most productive firms become exporters and the “learning-by-exporting” thesis (LBE), 

claiming that firms become more efficient by exporting and even experience an acceleration 

in productivity growth when compared with firms remaining non-exporters. 

SS is based on the existence of important fixed costs of foreign market entry (e.g., 

Jovanovic, 1982; Roberts and Tybout, 1997). Thus, only the most productive firms would 

self-select to foreign markets. Hence, several theoretical models assume the higher 

productivity of some firms to be one of their intrinsic features, in an exogenous origin (e.g., 

Melitz, 2003; Bernard et al., 2003; Melitz and Ottaviano, 2008), and thus consider those firms 

had received a positive random draw from a productivity distribution. Other authors assume 

that some firms make a conscious decision to begin exporting (e.g., Yeaple, 2005) and thus, 

admit those firms deliberately “invest” to become exporters; in these cases, the productivity 

growth would be a result of such policies and of such preparation for future foreign market 

participation. 

LBE is still often taken as a black-box function with an unclear learning mechanism 

behind the productivity growth; there are several mechanisms that could fill that gap: (i) 

exporting positively affects product and process innovation (e.g., Salomon and Shaver, 2005; 

Cassiman and Martinez-Ros, 2007); (ii) large and more competitive markets could give the 

necessary boost to exporters to become more efficient (competition effect); (iii) the wider 

network of contacts with several sources, such as clients, suppliers, competitors or even 

professional and scientific institutions could also enhance the generation of efficiency 

improvements or innovations, and (iv) the wider dimension of international markets could 

more likely offer the required scale economies. So, the absence of a coherent theory that 

supports and explains the LBE thesis may occur due to the difficulty in controlling the 

learning mechanisms in empirical works and this may block further theoretical advances. 
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Nevertheless, a growing body of literature has been claiming that exports produce 

learning effects, which would result from an adjustment in the process governing firm’s 

productivity growth. The basic theoretical argument behind this LBE thesis is that firms 

operating in international markets can better capture knowledge and technological spillovers, 

from their international contacts. Such factors could generate a process of learning and 

efficiency gains which would end up by creating different productivity growth rates between 

exporter and domestic firms. LBE is then assumed to be a channel or a set of channels, 

beyond the use of economies of scale, generated or enhanced by wider foreign markets, that 

are associated with increased competition and technology transfers and which enable firms to 

improve products,1 processes and organization structures. 

The empirical literature seems to fully confirm only the self-selection thesis. Indeed, 

LBE tests have been produced for several countries (e.g., Wagner, 2007 reports studies for 34 

countries) but overall, post-entry effects seem weak or at most are mainly observed in less 

developed countries or are confined to groups of exporters. Moreover, the channels from 

which LBE could be generated are also not clear. Hence, there is a general assumption that 

LBE is probably more easily detected in firms of sectors or countries operating far away from 

the technological frontier and also on firms that export to more developed markets, which 

have a greater potential for “teaching” new exporting firms. 

In order to contribute to this discussion, we tested the two theses, for the first time for 

Portuguese firms. We used the largest sample of Portuguese manufacturing firms for the 

period 1996-2003 for which data is available, on both financial and international trade 

variables. Applying matching techniques with differences in differences estimators (in the 

LBE tests) and other panel data methodologies, we tried to uncover the connections between 

several variables (e.g., productivity, sales and wages), at the firm level, and the international 

trade status changes of those firms. Also for the first time for Portuguese firms, we analysed 

the connections between imports and SS to exports and between imports and LBE. 

Assuming that post-entry mechanisms of exporting activity are heterogeneous and rely 

on several factors that work as transmission channels to LBE, then in order to uncover their 

role, we also tested the LBE thesis for some sub-samples: (i) technological differences 

between sectors; (ii) firms’ initial size, wage and efficiency; (iii) firms’ previous international 

trade status; (iv) the types of markets firms trade with on both export and import sides; (v) 

firms’ exporting intensity. 

                                                 
1 Some empirical studies have found positive effects of product market competition on productivity growth (e.g., 
Nickell, 1996). 
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The remainder of the chapter is organized as follows. Section 2 describes the data. 

Section 3 tests econometrically whether ex-ante firms’ features influence the decision to enter 

into export markets and validate the SS thesis. Section 4 begins to test for LBE by using a 

Fixed Effects model (FE), but after that we focus on the analysis of post-entry effects, by 

implementing a matching approach; this approach allows us to discuss in more depth if 

exports improve firms’ performances or not. Section 5 presents some concluding remarks. 

 

6.2. Data description 

The empirical analysis relies on the same dataset used in Chapter 5; it combines two different 

data sources developed by the Portuguese National Statistics Institute (INE): balance sheet 

information (IAE) and external trade information (ECE). The two datasets are linked by 

firms’ non revealed fiscal number. IAE provides information of firms’ balance sheets,2 and 

uses a survey sample of all the universe of manufacturing Portuguese firms, from 1996-2003. 

In this chapter, we used: number of employees, turnover, value added, investment, labour cost, 

stock of capital assets, liabilities and earnings.3 Firms are classified according to their main 

activity, as identified by INE standard codes for sectoral classification of business activities 

(CAE), which has a high correlation with EUROSTAT NACE 1.1 taxonomy. 

As in the previous chapter, we define an “active firm criteria” that involves firms 

experiencing three conditions: firms with at least 2 employees; firms with a global turnover of 

at least 1.000€; firms with a positive net fixed asset register. We also define “Exporter” as a 

firm which exports at least 1% of their turnover. Given those restrictions and the natural entry 

and exit of firms or the lack of information on some variables, the dataset is unbalanced. 

Nevertheless, it contains information for an average of 4,500 firms per year. Capital is 

proxied by tangible fixed assets at book value (net of depreciation). 

In turn, ECE provides information of all Portuguese firms that exported and imported 

over the 1996-2003 period. For each firm, ECE supplies data on trade volume (exports and 

imports) aggregated by year and by country (destination of exports and origin of imports) and 

it also display information on the types of products/sectors traded for each transaction.4 There 

is also information on the volumes (Kilograms) involved. 

                                                 
2 Since 2004, INE has changed its methodology and works with the universe of Portuguese manufacturing firms 
but before 2004 the only data available is the one we use. INE ensures the representativity of the sample used. 
3  Unfortunately, we do not have other types of data that would have been useful, such as: innovation 
performance, workforce composition, workforce educational level or about affiliates of Portuguese 
multinationals. 
4 Our data includes 14 different sectoral types of traded products. 
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All nominal variables are measured in 1996 Euros and are deflated using 2 digit 

industry-level price indices provided by INE; for capital stock we use the same deflator for all 

sectors. The firm-level productivity is measured using two concepts: value-added per 

employee (LP) and Total Factor Productivity (TFP). Since it is highly probable that profit-

maximizing firms immediately adjust their input levels (especially capital) each time they 

notice productivity shocks, then productivity and input choices are likely to be correlated and 

TFP estimation involves problems. 

In line with several authors (e.g., Sharma and Mishra, 2009; Maggioni, 2009), TFP is 

estimated using the semi-parametric method of Levinsohn and Petrin (2003). This method 

recognizes the simultaneity bias as firms observe the productivity shocks but econometricians 

do not. Thus, like Levinsohn and Petrin (2003), we compute TFP as the residual of a Cobb-

Douglas production function in which: the value added of each firm is the independent 

variable; capital, labour and unobservable productivity level are the dependent ones. Besides, 

this method assumes that intermediate inputs present a monotonic positive relationship with 

productivity and thus could be used as proxies. Given our data availability we use 

intermediate inputs as the values of “supplies and services from thirds” at book value. We 

estimate production function for every 2-digit sector separately5. 

 
6.3. Self selection to export 

6.3.1. Self selection reviewed 

The large majority of empirical studies found strong evidence of SS6  (Wagner, 2007). 

Nevertheless, few research based on micro level data has investigated how future exporters’ 

characteristics vary with the country of exports destinations. In a rare study concerning all 

these factors, De Loecker (2007) finds significantly higher productivity premia for Slovenian 

firms starting to export to higher income regions. Verhoogen (2008), using a sample of 

Mexican manufacturing firms, shows that an increase in the incentive to export in developing 

countries forces exporting firms to upgrade their production process and their technologies 

and, as a consequence, to maintain higher quality workforce. 

Conceptually, Self Selection may be explained by two main hypothesis: (i) forward-

looking firms increase their productivity with the explicit purpose of becoming exporters in 

the future and then to benefit from larger markets (conscious self selection); (ii) firms become 

more productive for reasons not related to exporting and later decide to export. This is 

                                                 
5 Details on the Levinshon and Petrin methodology shown in Maggioni, 2009.  
6 McCann (2009) is one of the few known exceptions. 
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important for policy reasons; if firms become more productive in order to export, then 

policies that facilitate exports may improve productivity. 

The idea that forward-looking firms may increase their productivity when targeting 

export markets is partly based on the observation that goods produced for foreign markets are, 

at least in developing countries, of a higher quality than analogous products made for the 

domestic market (e.g., Keesing, 1983; and Keesing and Lall, 1992). Thus, a firm attempting 

to become an exporter may need to produce higher-quality goods, often by using more 

advanced technologies and more efficient organization schemes. The argument that 

potentially higher returns available in international markets constitute an incentive to increase 

productivity is supported by anecdotal evidence and case studies (e.g., Hausmann and Rodrik, 

2003).  

Complementarily, the idea that different firm characteristics are required to export with 

various foreign markets has been considered recently in the theoretical model proposed by 

Chaney (2008). Expanding the work of Melitz (2003), the Channey´s model assumes that the 

combination of market specific fixed entry costs and productivity differences among firms 

may explain why the number of firms - the extensive margin - able to overcome trade barriers 

changes from market to market. This model of self-selection notices that it occurs from 

market to market, which implies that each foreign market is associated with a productivity 

threshold. In this line, it should be observed that firms with low productivity serve a limited 

number of markets with low productivity thresholds. By contrast, firms with high productivity 

should export to a large number of markets and with high productivity thresholds. 

 

6.3.2. Self selection tested  

Silva et al. (2010b) have verified the positive correlation between trade and performance, 

namely TFP. Another simple test to this hypothesis would be a Granger-causality test. 

Appendix C (Table C.1) suggests the existence of a bi-directional causality: productivity 

Granger-causes exports and exports Granger-cause productivity.  

Nevertheless, as we are interested in shedding more light on that causal relationship, we 

began to evaluate more carefully SS and in the next section we will discuss LBE. Thus, we 

studied firms starting to export in the sample period and, as “control group”, the firms which 

never export throughout the period – there are 996 control firms in our database. We defined 

as “export starter” firms that export in both the years t and t+1, and that had never exported in 

the two previous years, t-1 and t-2. We ended up with five cohorts, one for each year from 
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1998 to 2002 totalling 220 different starters (7 firms are starters two times and we eliminate 

such records.). Table 6.1 shows the number of starters across cohorts. 

 

Table 6.1.: Export Starters 

Year 1998 1999 2000 2001 2002 

Starters 54 43 47 34 42 

Source: Own calculations. 

 

Empirically, to evaluate SS we could apply two distinct approaches: i) a random effect 

probit, testing the probability of a firm to become an exporter as a result of some lagged 

variables, such as size, foreign ownership status, sector fixed effects and mainly productivity 

levels before entry (e.g., McCann, 2009); ii) an analysis of ex-ante differences between export 

starters and never exporters, using a parametric exercise in line with Bernard and Jensen 

(1999). 

Using the first approach we tested a model in which the dependent variable is a dummy 

indicating if a firm became a new exporter in that year and the explanatory variables, lagged 

one year, include: productivity, capital, investment, number of employees, a dummy for small 

firms, industrial sector dummies, time dummies, a dummy for firms that import, a dummy for 

firms having employees devoted exclusively to R&D activities and at last a dummy for 

foreign capital participation. The selection hypothesis is confirmed as a positive significant 

coefficient on lagged TFP is observed in Table 6.2. Moreover, lagged imports and investment 

are also significant suggesting that firms in order to become more productive had to invest 

and to import. 

Table 6.2.: Self selection to export (probit model) 

Variable TFPt-1 Capitalt-1 Investmentt-1 Employeest-1 Importst-1 R&Dt-1 Forcapt-1 Obs. 

 0.392 
(0.227) 

-0.004+ 

(0.011) 
0.219 

(0.101) 
0.001+ 

(0.006) 
0.032 
(0.01) 

0.086+ 

(0.16) 
0.111+ 

(0.161) 
3,413 

Source: Own calculations. 
Note: Robust standard errors in parentheses. If nothing mentioned coefficients are significant at least at 10%. + means not 
significant. Estimations obtained with Stata 10 software. 

 
Nevertheless, if we split the starters into two groups: (i) starters that are already 

importers (only importers) and (ii) starters which do not import (purely domestic firms), we 

find that SS is observed only for firms that were importers before starting to export, while for 

non traders the SS thesis is not confirmed (Table 6.3).  
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Table 6.3.: Self selection to export using import status (probit model) 

 Only importers become also exporters Non traders become exporters 

TFPt-1 1.57 
(0.004) 

0.005+ 
(0.333) 

Source: Own calculations 
Note: see table 6.2. 

 

Given the fact that firms which import may have already supported part of the sunk 

costs of entry in external markets, when they initiated their imports, we can argue that they 

are more likely prepared to face the challenge of exporting.  Moreover, combining the fact 

that lagged imports and investment are also significant in Table 6.2 with the findings of Table 

6.3 we could also argue that when the self selection of the most productive firms into the 

export markets occurs it requires imports. At the other hand, if new exporters are not the most 

efficient firms, then previous imports are not needed and thus are not revealed. 

Bearing in mind that we are interested in evaluating SS not only regarding productivity 

indicators (TFP and labour productivity), but also with regard to other characteristics (size, 

capital intensity - CI - or wages) and also in order to test for conscious self-selection, we 

developed a second approach to test for SS. In fact, in line with Bernard and Jensen (1999) 

and Serti and Tomasi (2008a), we regressed our performance variables (all in logarithms) in 

period t on dummies indicating if a firm is an export starter at time t+δ and on a set of 

controls (sectoral dummies, time dummies and size). 

 

 t,it,it,it,i ControlsStartery εββα δδ +++= −− 21 , (6.1.) 

 

where: Starteri,t is a dummy variable equal to 1 if the firm starts exporting in t; yi,t-δ is our 

performance variable, in logarithms, at the pre-export time; and 0<δ<5. Table 6.4 shows, for 

relevant dependent variables, the transformed estimated coefficients of (1) i.e., the conditional 

percentage differential between starters and never exporters, in levels. 

By investigating variables in levels (Table 6.4), we found support for SS: more 

productive firms become exporters. This is confirmed by using either Labour Productivity 

(LP), or TFP. 
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Table 6.4.: Self-Selection: levels 

 t-5 t-4 t-3 t-2 t-1 

TFP 36.3+ 
(0.001) 

28.4 
(0.001) 

25.9 
(0.001) 

35.9 
(0.002) 

41.5 
(0.002) 

LP(a) 32.1+ 
(0.01) 

37.2 
(0.02) 

43.2 
(0.003) 

49.1 
(0.01) 

52.1 
(0.001) 

Employees 68.1 
(0.05) 

58.1 
(0.084) 

55.2 
(0.01) 

72.3 
(0.007) 

83.5 
(0.003) 

Sales 192 
(0.000) 

177 
(0.03) 

166 
(0.02) 

211 
(0.001) 

203 
(0.000) 

Capital 139 
(0.04) 

169 
(0.006) 

228 
(0.01) 

225+ 
(0.012) 

205 
(0.000) 

CI(b) 43 
(0.33) 

79 
(0.012) 

163 
(0.013) 

112 
(0.005) 

100 
(0.01) 

Investment 32.5 
(0.025) 

32.6 
(0.031) 

66.3 
(0.004) 

27.2+ 
(0.28) 

75.1 
(0.04) 

ULC(c) -39 
(0.02) 

-75 
(0.000) 

-85 
(0.000) 

-56 
(0.01) 

-41 
(0.01) 

Obs.(d) 1,237 2,312 3,918 5,152 5,320 
 

Source: Own calculations. 
Notes: (a) means Labour Productivity; (b) is capital intensity; (c) represents Unit 
Labour Cost of Sales; (d) is  the maximum number of observations available for each 
time lag; In computing the coefficients we use the exact percentage differential given 
by (eβ-1)x100; p-value of robust t-test are in brackets below estimates. See table 6.2. 

 

Moreover, before entry into export markets, the starters are more productive, larger, 

present higher Capital Intensity (CI) and higher sales than never exporters. On the five years 

average, the ex-ante TFP of starters is around 33% higher than that observed for never 

exporters. Besides, future exporters’ Labour Cost per unit of sales (ULC) is on average half of 

the observed level for the control group. Regarding firms’ sales, we observed that, as the time 

of internationalization approaches, future exporters also appear to be increasingly more 

successful in domestic markets. They also display superior firm size (number of employees). 

We also found that starters invest more than never exporters, mainly 3 years before 

entry, thus giving some support to the thesis of “conscious self-selection” of firms to export; 

this investment performance also explains their strong advantage in capital and size terms. 

López (2009) has proposed the idea that SS to exports, in developing countries, may be a 

conscious process by which some firms increase their productivity with the aim of becoming 

exporters. This can be due to the need of produce top quality goods for exports to more 

developed countries. Thus, firms that aim to export would be compelled to buy new 

technologies and to invest in new capital in order to produce top-quality goods. Moreover, the 

use of a new technology increases the value added by future exporters, thereby increasing 

measured productivity relative to non-exporting firms, which continue to produce low-quality 

goods for domestic markets.  
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Hence, some Portuguese firms may have made a conscious effort to increase their 

productivity once they began to focus on the export markets. Thus, the increase in 

productivity in some firms does not seem to be entirely exogenous: it may be motivated by 

the expectation of future access to export markets. However, alternative explanations cannot 

be totally ruled out. It is quite possible that firms invest simply to succeed in the domestic 

market without any intention of becoming exporters but then, after experiencing domestic 

success, decide to enter in the export markets, eventually also motivated by governmental 

support. 

Looking for further insights, we tested if firms modify their behaviour in the pre-entry 

period according to the future export status. Indeed, it seemed wiser to study the dynamics of 

future exporters’ premia rather than studying only level differences. 

 

 t,it,it,it,ist,i ControlsStarterylnyln εββα δδ +++=− −−− 21 , 50 ≤≤ δ  and 40 ≤≤ s  (6.2.) 

 

For relevant dependent variables, Table 6.5 reports the transformed estimates of 

conditional percentage differential between growth rates of starters and never exporters.  

 

Table 6.5.: Self-Selection: growth-rates 

 t-4 / t-5 t-3 / t-4 t-2 / t-3 t-1 / t-2 t / t-1 

TFP -0.018+ 
(0.66) 

-0.017+ 
(0.60) 

0.053+ 
(0.18) 

0.001+ 
(0.26) 

-0.041+ 
(0.87) 

LP 0.005+ 
(0.953) 

-0.016+ 
(0.63) 

0.052+ 
(0.22) 

0.001+ 
(0.01) 

-0.132+ 
(0.90) 

Employees -0.061+ 
(0.56) 

0.057**  
(0.02) 

0.076**  
(0.03) 

0.087+ 
(0.49) 

0.050**  
(0.01) 

Sales 0.045+ 
(0.76) 

0.058* 
(0.40) 

0.147**  
(0.01) 

0.045+ 
(0.67) 

0.034+ 
(0.56) 

Capital 0.084+ 
(0.100) 

0.076* 
(0.06) 

0.101**  
(0.01) 

-0.028+ 
(0.62) 

0.052+ 
(0.10) 

CI 0.144* 
(0.09) 

0.019**  
(0.07) 

0.028+ 
(0.58) 

-0.087+ 
(0.59) 

0.003+ 
(0.95) 

Investment -0.431+ 
(0.491) 

0.272**  
(0.01) 

-0.007+ 
(0.96) 

-0.022+ 
(0.92) 

0.131+ 
(0.43) 

ULC -0.040+ 
(0.980) 

0.812**  
(0.16) 

-0.461+ 
(0.46) 

-0.029+ 
(0.70) 

0.025+ 
(0.73) 

Obs. 871 1,567 1,354 1,533 1,335 

Source: Own calculations. 
Notes: All regressions include foreign-ownership dummy, sectoral, number of employees – except when the 
number of employees is the dependent variable - and year dummies as controls. Robust standard errors appear 
below the coefficients’ estimates in parenthesis. * and **  mean statistical significance at 10% and 5%, respectively; 
+ means not statistically significant; if nothing is mentioned, estimates are significant at 1% level. Estimations 
obtained with Stata 10 software. 
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Looking at the growth rate differentials between different time spans, we found a 

significant increase in the pre-entry export premia of starters, in terms of firms’ dimension 

(number of employees), sales and capital; this superior dynamic of future exporters, extends 

just to the entry year but seems to be larger three years before the internationalization begins. 

The coefficients, employing the two productivity proxies as dependent variables, are almost 

never significant: in the pre-entry period, starters and never exporters’ efficiency dynamics 

are, on average, similar. 

The superior capital growth of starters is reflected by a capital deepening (i.e. capital 

intensity) just until t-3. Thus, any eventual change in the productive structure of starters 

(which could be materialized in several years of higher capital growth) seems to occur “long” 

before exports begin, suggesting the need of a long time sparrow to perform such a decision. 

Moreover, as ULC coefficients are non-significant, during the pre-entrance period, future 

exporters may not undertake substantial structural changes in terms of organization and 

technology of production (in comparison to never exporters), but instead they do grow (in size) 

comparatively more. Overall, these facts suggest that, in the five years preceding export 

market entry, new exporters are not much more dynamic in improving their efficiency than 

never exporters; nevertheless, they are, in general, more dynamic in terms of capital, 

employees and sales growth. 

As Serti and Tomasi (2008a, p. 673) said “In the spirit of self-selection, this means that 

prior to exporting a firm must have certain characteristics in terms of productivity, size, 

human capital, and capital intensity in order to sell its goods abroad”. Yet, as we stressed 

there is little evidence indicating that firms prepare themselves before entering the foreign 

markets. In fact, any preparation would consciously involve a higher investment growth, 

which is only partially detected, or a subjection to some common shock. Both facts would 

represent a change in their structure of production and in overall efficiency but that is also 

almost undetected. It seems, instead, that future exporters have superior features from the 

beginning of our database, vis-à-vis never exporters. This suggests that SS is not “built up” in 

the short period previous to export market entry. 

At another level, in the pre-entry period, we also found some important evidence about 

import activity (Table 6.6). There is a consistent difference in the import share, measured by 

the ratio between imports and turnover, between never exporters and starters, mainly until the 

entry time. Moreover, in those years before entry we can observe a constant import share for 

never exporters, while starters increase their higher import share. 

 



114 
 

Table 6.6.: Import share trend of starters and of never exporters before and after exports begin 

Time t-5 t-4 t-3 t-2 t-1 t t+1 t+2 t+3 

ever exporters 5 5 5 5 5 6 6 5 4 

All Starters 17 21 22 23 23 22 20 19 18 

Source: Own calculations. 
 

One possible explanation for these numbers is that some firms in order to enter the 

export market also start importing materials and machines or increase their import levels. 

After export entry (t+1 to t+3) the import share declines a little, but is still much higher for 

starters. Firms that want to export may need to improve the quality of goods and/or adapt 

them to the requirements and tastes of foreign customers. To fulfil these needs, foreign 

materials could be more suitable; moreover, as firms start being involved in the international 

market, by importing, they create networks with foreign contacts that potentiate exports.  

To sum up, it is important to bear in mind that an important share of export starters are 

also involved in importing, which may start in conjunction with export entry (in section 6.4 

some additional results on this issue are presented). Table 6.7 confirms the idea that starters 

accelerate import growth some years before exporting begins. 

 

Table 6.7.: Growth of imports (%) for export starters 

Time t-2 / t-3 t-1 / t-2 t / t-1 t +1 / t t+2 / t+1 t+3 / t+2 

Starter 1999 21 6 -4 10 0 -11 

Starter 2000 20 0 -8 -15 30 -11 

Starter 2001 8 10 -2 -25 11  

Starter 2002 15 12 2 3   

Source: Own calculations. 

 
Another important issue is the possibility of a “secondary” form of SS, in line with 

Chaney (2008). In fact, it is likely that more productive firms choose to become exporters, but 

also that the most efficient among them may also choose to serve more demanding markets. 

In this line, if self-selection of more efficient firms to export is indeed a consequence of the 

existence of market-entry costs, and given that entry costs are very heterogeneous across 

markets, thus is possible that SS differs across markets. 

In fact, there are several reasons why SS may vary across markets given the fact that 

different sunk costs are related to different markets’ characteristics, such as: distance, income, 

familiarity, cultural affinity, language or legal and institutional structures. Besides, in line 

with some models such as Bernard et al. (2003) or the technology-gap models of trade of 
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Cimoli and Soete (1992), one can argue that more advanced markets are characterized by a 

higher competitive level, which could be associated with stronger efficiency requirements to 

future exporters. 

Hence, if the nature of entry costs or the product quality requirements vary across 

markets, this may translate into ex-ante differences in terms of performances between firms 

exporting to different countries. Thus, it is expectable, for instance, that exporting to distant 

and unfamiliar countries may entail higher entry sunk costs or exporting to high productive 

and rich countries could require higher productivity, top-quality goods and marketing. In this 

line, the ideal empirical test would be a mix analysis using both the development level of 

export destinations but also other characteristics of the geographical area of such markets (e.g., 

population, distance or exchange rate between countries). For the moment and in order to test 

all these claims, we estimated the regression (in line with Serti and Tomasi, 2008b): 
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−  (6.3) 

 

We regressed as dependent variables the logarithm of the two productivity measures, LP 

and TFP, at pre-entry time. 7 As dependent variables we used dummy variables indicating if a 

firm is an export starter at time t but distinguishing among several groups of destination 

markets. Controls include: firm size, sectoral dummies for two digit CAE and year dummies. 

To test how each firms’ performance differs according to the type of market they trade with, 

we separated starters exporting into 5 mutually exclusive groups of export destinations: (i.1) 

only to Spain; (i.2) only to all other European Union countries (EU); (i.3) only to Portuguese 

language countries (PL); (i.4) only to other Developed countries outside EU (ODev);8 (i.5) 

only to Non-Developed countries (NDev). Additionally, we considered firms that export to 

more than one group of markets, namely to: (ii.1) EU and PL countries (EU+PL); (ii.2) EU 

and ODev countries (EU+ODev); (ii.3) all other possible combinations of markets (Multiple). 

The estimation results are consistent with our expectations. In fact, firms that start 

exporting only to developed countries (ODev) are the most productive ones in the pre-entry 

period, together with firms that export to Multiple countries. Moreover, firms that start 

                                                 
7 We also estimate, but not report it for brevity, similar regressions for the following variables; number of 
employees, capital intensity and investment. The same conclusions apply: firms that start trading with more 
developed countries invest the most and firms that start trading with countries with Portuguese as an official 
language (PL) and Spain invest the least. 
8 In this group we included (using GNP per capita): The USA, Japan, Australia, New Zealand, South Korea, 
Singapore, Hong-Kong, Canada, Israel, Taiwan, Switzerland, Kuwait, Oman, Qatar, UAE, Bahrain, Saudi 
Arabia. 
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exporting to countries with Portuguese official language, to European Union countries or to 

both destinations are the ones with a smaller productivity advantage over non exporters, in the 

pre-entry period. Exports to Non Developed countries revealed mixed results: in more distant 

years relative to export entry there are negative coefficients but in years close to the entry year 

positive levels appear; this could be a reflection of contradictory forces as most of those 

countries are geographically and culturally distant from Portuguese firms but on the other 

hand are probably not highly demanding in terms of quality and productivity. Curiously, firms 

that start exporting only to Spain show an intermediate level of TFP and LP, suggesting that 

the Spanish market is more demanding than the average EU market and PL markets. Overall, 

this analysis indicates that SS varies across markets, thus suggesting that each foreign market 

may be associated with a different productivity threshold. 

 

Table 6.8.: Self selection by destination country of exports 

 TFP LP 

t-4 t-3 t-2 t-1 t-4 t-3 t-2 t-1 

Spain 0.394 

(0.11) 

0.147+ 

(0.21) 

0.245**  

(0.11) 

0.225+ 

(0.18) 

0.645 

(0.08) 

0.559 

(0.13) 

0.405 

(0.09) 

0.331**  

(0.17) 

EU 0.254 

(0.12) 

0.126+ 

(0.21) 

0.160* 

(0.09) 

0.070+ 

(0.16) 

0.330* 

(0.20) 

0.300+ 

(0.24) 

0.321**  

(0.15) 

0.227+ 

(0.20) 

PL 0.067+ 

(0.15) 

0.051+ 

(0.17) 

-0.178* 

(0.10) 

-0.025+ 

(0.12) 

0.101+ 

(0.19) 

0.051+ 

(0.17) 

0.141+ 

(0.23) 

0.125+ 

(0.15) 

EU+PL 
- 

-0.021* 

(0.10) 

-0.127 

(0.01) 

0.074 

(0.01) 
- 

0.088 

(0.01) 

-0.017+ 

(0.01) 

0.222 

(0.01) 

ODev 0.579 

(0.01) 

0.507 

(0.06) 

0.512 

(0.19) 

0.427**  

(0.13) 

0.979 

(0.02) 

0.942 

(0.07) 

0.931 

(0.19) 

0.667 

(0.12) 

EU+ODev 
- 

0.551 

(0.25) 

0.452 

(0.19) 

0.428**  

(0.23) 
- 

0.781* 

(0.43) 

0.791 

(0.30) 

0.828 

(0.30) 

NDev -0.156 

(0.01) 

-0.167 

(0.01) 

0.442**  

(0.24) 

0.391 

(0.19) 

-0.281 

(0.01) 

-0.107 

(0.01) 

0.712**  

(0.21) 

0.651 

(0.24) 

Multiple 0.056+ 

(0.28) 

0.426* 

(0.27) 

0.621 

(0.21) 

0.975 

(0.38) 

0.246+ 

(0.53) 

0.467* 

(0.29) 

0.831 

(0.23) 

1.202 

(0.41) 

R squared 0.15 0.15 0.15 0.10 0.10 0.10 0.10 0.10 
 

Source: Own calculations. 
Notes: See Table 6.5.  
 

 
We could also argue that the SS of more productive firms into foreign markets is also 

conditioned by the heterogeneity of the sectors firms belong to. We thus analysed the SS 
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thesis, in levels, but now splitting firms according to the technological sophistication of the 

sectors they belong to. 

Thus, we aggregated the initial 23 two-digit sectoral codes and 201 five-digit sectoral 

codes (the original INE desegregation) into five sectoral classification based on technological 

sophistication (in line with Pavitt, 1984 - adapted): Group 1 (Gr1) with the lowest technical 

sophistication (food, beverages and tobacco); Group 2 (Gr2) - (textiles, wearing apparel and 

leather); Group 3 (Gr3) - (wood, pulp, paper, printing and furniture); Group 4 (Gr4) - 

(chemicals, rubber, plastic, non-metallic goods, basic-metallic goods, fabricated-metallic 

goods and recycling sectors); Group 5 (Gr5) with the highest technical sophistication -

(machinery, office machines, computers, electrical machinery, medical instruments, motor 

vehicles and other transport equipment).  

Using these five groups we repeated the regression (1), only for TFP, and noticed 

(Table 6.9) that SS is stronger for firms of group 1, the lowest technological-level sector.  

 
 

Table 6.9.: Self-Selection in levels for different groups of sectors 

TFP t-5 t-4 t-3 t-2 t-1 

All firms 36.3+ 

(0.08) 

28.4 

(0.06) 

25.9 

(0.01) 

35.9 

(0.002) 

41.5 

(0.002) 

Gr 1 5.7+ 

(0.12) 

- 15.1 

(0.09) 

23.5 

(0.09) 

24.7 

(0.09) 

Gr 2 - -5.1+ 

(0.11) 

-5.1+ 

(0.11) 

-13.1+ 

(0.11) 

-9.6+ 

(0.11) 

Gr 3 -4.7+ 

(0.09) 

- 7.2 

(0.05) 

1.1 

(0.03) 

11.1+ 

(0.09) 

Gr 4 - -1.9+ 

(0.09) 

4.9+ 

(0.08) 

8.6 

(0.04) 

9.2 

(0.03) 

Gr 5 2.7+ 

(0.069) 

- 6.93+ 

(0.058) 

10.8 

(0.056) 

11.2 

(0.052) 
 

Source: Own calculations. 
Notes: See Table 6.4. 
 

 

On the contrary, SS is undetected for firms that belong to sectors of Group 2 and only 

partially observed in firms of the other groups. Moreover, in Appendix C (Table C.2), we 

observed that firms from Group 2 (textiles, wearing apparel and leather) have the lowest 

propensity to start exporting, given the high weight of this sector in total exporters, in the 

Portuguese economy. Taken together, these facts suggest that starters from Group 2 are not 
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the most efficient firms which may be explained by the fact that the most efficient ones have 

become exporter long time ago. Besides, we acknowledge that Silva and Leitão (2007) found 

that between 1995 and 1997 Portuguese industrial firms of the clothing and footwear 

industries worked on an outsourcing basis, adopting a low-price strategy which did not rely 

on product innovation. In this respect, we confirmed that firms of Group 2, unlike firms of all 

other sectors, do not have (previously to start exporting) higher wage levels than never 

exporters (Table 6.10) 

 
Table 6.10 – Self-Selection in wage levels for all firms and Group 2 firms  

Wages t-5 t-4 t-3 t-2 t-1 

All firms 24.7 
(0.00) 

23.4 
(0.00) 

23.0 
(0.00) 

24.8 
(0.00) 

23.5 
(0.00) 

Group 2 
 

 11.1+ 
(0.44) 

13.5+ 
(0.26) 

10.1+ 
(0.34) 

10.9+ 
(0.37) 

Source: Own calculations. 
Notes: See Table 6.4. 

 
In this line, we could argue that if there is no evidence of SS, for some firms or for 

groups of firms it derives from the fact that not all firms trying to enter into export markets 

may need to: (i) make contacts with potential foreign customers, (ii) establish distribution 

channels, (iii) modify their products to foreign tastes or to country-specific regulations. In fact, 

if some firms begin to export on an outsourcing basis it may be well possible that they are 

“chosen” for their “inferior” wage level and not for their higher efficiency patterns. In these 

cases a different and perverse Selection is observed: low level wage firms are selected or 

select into exports. 

 
6.4. Post-entry effects 

In the last section, we have confirmed, in general, the presence of a SS that drives the most 

successful, large and efficient firms into the export market. Nevertheless, SS doesn’t exclude 

the potential for LBE and even if new-exporters were already more productive, before 

exporting, they could further improve their performance differential, with non exporters, after 

the export entry. 

To empirically prove LBE it requires that new exporters experience large, stable 

productivity improvements, comparing with those firms serving only the domestic market. 

Hence, to prove the existence of LBE upon entry into international trade, starters must present 

advances in productivity at a faster rate than non exporters. This faster rate of advance could 

be justified by: (i) advantages of higher competition in foreign markets, compared to domestic 
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one; and (ii) benefits of knowledge sharing from foreign contacts and wider experiences (e.g., 

customers or suppliers of technical assistance) which further enhance efficiency and 

innovative performances. 

In modelling terms, there are few attempts to formally describe LBE. Kostevc (2009) 

presents a two-country general equilibrium model, founded on the general equilibrium model 

of monopolistic competition of Fujita et al. (1999), in which, as market competition 

intensifies and firms previous price-cost mark-ups decrease, firms struggle to maintain their 

achieved profit levels. This scenario of competition intensification could lead firms to react by 

lowering marginal costs (through productivity increases) to sustain previous profit levels or 

just break even. One important assumption of these models lies in the fact that exporters, from 

less developed countries, face less intense competition in their home market, while in foreign 

markets they face far more elastic demand for their products. Moreover, given the wide 

availability of varieties in those developed environments, the elasticity of substitution 

increases and generates a fall in the slope of their demand curves and a reduction of price-cost 

mark-ups. Consequently, those firms have two alternatives: to improve their productivity or to 

exit the market. 

In empirical terms and in order to assess LBE, several methodologies have been used: 

Granger causality tests, random effects panel estimation, fixed-effects (FE) model, 

Generalized Methods of Moments (GMM) estimations, non parametric techniques and, more 

recently, Matching techniques, especially a combination of Propensity Score Matching with 

Differences in Differences estimators (PSM-DID). 

 
6.4.1. Post entry effects assessed by Fixed Effects model 

The use of the FE model regression (as in McCann, 2009) does not allow perfect treatment for 

the endogeneity problems that are associated with LBE, as firms self-select to export, and thus 

the analysis of post-entry effects may be biased. However, an FE approach is considered 

useful as a first test of post entry effects. 

Assuming that “starter” is a firm that initiates exports at time t and keeps doing it for at 

least 2 years, and does not export at t-2 and t-1; additionally assuming that a “non-exporter” is 

a firm which does not export during the observed period, we performed the following 

regression: 

 

 t,it,it,it,i ControlsStarterTFP εβββ∆ δ +++=+ 210  (6.4) 
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where we take time t-1 to be the last year in which the firm is a non-exporter, and t to be the 

year in which it becomes an exporter. The dependent variable may be taken as an average 

TFP growth rate, computed from the year previous to export. Since we use here the same 

concept of starter that was used for the SS test we have five different cohorts of average 

growth rates: (i) 10 −+ −= t,it,it,i tfptfptfp∆ ;  (ii) 2
11

1
−+

+
−

= t,it,i
t,i

tfptfp
tfp∆ ; (iii) 

3
12

2
−+

+
−

= t,it,i
t,i

tfptfp
tfp∆ ;  (iv) 4

13
3

−+
+

−
= t,it,i

t,i
tfptfp

tfp∆ ; (v) 5
14

4
−+

+
−

= t,it,i
t,i

tfptfp
tfp∆   

(where tfp is the lnTFP). 

 

The Controls variable refers to a vector including: size, a dummy for firms that possess 

skilled workers only devoted to R&D, a dummy for firms that report a share of foreign capital,  

a dummy for different sectors (CAE) and a time dummy.   

 

Table 6.11.: Learning effects of entry to exports on TFP, using FE model 

 t / t-1 t+1 / t-1 t+2 / t-1 t+3 / t-1 t+4 / t-1 

tfp change (of all starters) 0.136* 
(0.005) 

0.033* 
(0.019) 

0.073* 

(0.022) 
0.005+ 
(0.023) 

-0.012+ 
(0.030) 

tfp change (of starters which 
do not import): NT – OE(a) 

0.011**  
(0.066) 

-0.019+ 
(0.038) 

0.085* 

(0.035) 
-0.017+ 
(0.036) 

-0.047+ 
(0.042) 

tfp change (of starters already 
importers):OI – TWT(b) 

0.143* 
(0.05) 

0.060**  
(0.030) 

0.087**  
(0.027) 

0.021+ 
(0.029) 

0.024+ 
(0.042) 

 

Source: Own calculations. 
Notes: (a) NT means non-trader becoming OE which means only exporter; (b) becoming TWT which means 
two-way trader and OI means only importer. Robust standard errors appear below the coefficients’ estimates 
in parenthesis. * and **  mean statistical significance at 10% and 5%, respectively; + means not statistically 
significant; if nothing is mentioned, estimates are significant at 1% level. Estimations obtained with Stata 10 
software. 

 
 

Table 6.11 shows clearly that beginning to export is associated with a significant 

increase in the TFP growth rate for starters, at least for a period of three years after the entry 

into foreign markets occurs, thus suggesting the presence of LBE. These effects are 

particularly stronger when starters were already importers (OI) and become two-way traders 

(TWT), suggesting that LBE may be enhanced by imports. In the case of firms that change 

from non-traders (NT) to only exporters (OE) the LBE effects are weaker and appear to be 

inconstant. 
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6.4.2. Post entry effects assessed by matching methods 

Introduction to the use of matching methods in LBE assessment 

From the previous results, the Portuguese firms with better performance are more likely to 

become exporters. To assess the causality nexus from export status changes to firm 

performances, it is wise to control for this sample selection issue. That is, in order to properly 

evaluate the impact of exports on new exporters’ performances, it must be borne in mind that 

the group of export starters is not randomly selected. Thus, a comparison of performances 

between new exporters and never exporters, as was done in the first LBE studies (e.g., 

Bernard and Jensen, 1999) do not reveal the direction of causality between export status 

changes, on one hand, and efficiency improvements, on the other. 

Matching methods are regarded, by many researchers, as a promising tool to cope with 

these statistical problems stemming from endogenous participation decision with regard to 

becoming an exporter. Besides, by using matching methods we are freed from the limiting 

functional forms on which regressions are based. The use of these methods applied to LBE 

was pioneered by Wagner (2002) for German firms and Girma et al. (2003) for UK firms.  

Ideally, the evaluation of the effects of becoming an exporter would be made by 

comparing the firms’ performance, some years after they begin to export, with the 

performance, at the same time, if they never began to export. Indeed, we would like to 

discover if, in the supposed counterfactual case of no exports, starters would have had worse 

or better outcomes. However, the observation of both outcomes is impossible. 

Under the impossibility of such an ideal scenario, matching methods aim to evaluate the 

Average Treatment effect on the Treated (ATT), which means the difference for a “treated” 

firm between: (i) the effective outcome it obtains at a time t, after exports begins and (ii) the 

potential outcome it would have obtained if it had chosen not to export. In practice, we are 

considering the effects of a treatment model, where treatment is the export entry; however, we 

can only observe the outcome of exporters, provided that they had exported.9 Moreover, if the 

group of treated firms were randomly chosen from the whole population of firms there would 

be no bias in computing the ATT, but as we have already confirmed this is not the case. 

Conceptually, we aim to measure the ATT, meaning the average effects of a “treatment”, 

in other words, the decision to start exporting on starters’ performances; this means 

computing: 

                                                 
9 Obviously, the outcome of exporters if they had not exported is unknown. 
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where: ( )1t,iY  is the outcome of a firm i in year t given it began exporting at a certain time; 

( )0t,iY  is the outcome of the same firm in the same year given it did not begin exporting at the 

referred time; D represents the decision made by the firm if it was starting to export (1) or not 

(0). Originally, ATT would consist of computing the differences in the outcomes of a firm 

either after it starts exporting or of not starting to export. In practise, we can 

compute ( )
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As our study is not experimental and randomization is not possible,10 bias is inevitable. 

To overcome this problem we must construct a proper counterfactual by considering certain 

assumptions and by using matching techniques. In fact, if we do not ensure that treated and 

non-treated firms are as similar to each other as possible, then the computation of ATT would 

be meaningless. By using matching techniques, we hope to build consistent counterfactuals to 

every starter, while using a generic non-exporter as the comparison group would not allow us 

to make causal inferences, since the observed differences after export begins could exist 

previously in a pre-export period and remain after it. 

Matching techniques are based on the premise that it is possible to select a suitable 

control group, from among non-starters, that will be used as counterfactuals for starters. 

Ideally, it would be crucial, as a first step, to select firms that present the most identical 

characteristics to the treated group of firms. That is, the control group of firms should have n-

1 (out of n) similar characteristics to the starters group and differ only in the nth characteristic, 

which would be their decision to export in that year. In other words, the true purpose of 

matching is to pair each new exporting firm, in each year,– on the basis of some observable 

                                                 
10 We have already confirmed that firms self select to export, which means there are substantial differences 
between treated firms (starters) and untreated firms (non starters). 
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variables, named as covariates – with a larger control group of firms that remain non-

exporters until that year. 

Given the potentially strong variety of firm observable variables that may be used to 

pair starters with non-starters (e.g., productivity, size, ownership, capital, sector or time 

effects), a problem of dimension of treatable variables arises. This problem is solved by 

computing an average index – the so called “propensity score” –, in line with the method of 

Rosenbaum and Rubin (1983). Using this propensity score, from among a large group of non-

treated firms we are able to find the ones which happen to be the most similar to the starters, 

on average terms and over the pre-treatment period. 

Two main conditions must be observed in order to adequately use matching methods: (i) 

the conditional independence assumption (CIA) and (ii) the common support assumption 

(CSA). The former assumes that the covariables on which we match cannot be affected by the 

treatment, either ex-post or in anticipation of the treatment: if the exporting firms adjust their 

characteristics in anticipation of the beginning of the export activity, then we would end up 

matching on endogenous variables. This assumption is essential to overcome selection bias. 

The CSA assumption assures that, depending on the chosen covariates, the potential 

outcome in the non-treatment scenario is independent of the treatment status. In line with 

Heckman et al. (1998), it is enough to assure only “mean conditional independence” between 

the control group and the treatment.11 Besides, the CSA prevents the group of covariates from 

becoming a perfect predictor of the decision of a firm to begin exporting. Thus, we restrict 

matching to firms in “common support”, meaning that we only “work” with firms where the 

propensity score belongs to the intersection of the supports of the propensity score of treated 

and controls (Becker and Ichino, 2002). Thus, we drop treated units which have a propensity 

score higher (lesser) than the maximum (minimum) propensity score of the controls. 

 

The selection of Treated firms and Control firms 

If we had chosen common exporters as the treatment group, it would not provide us with the 

necessary dynamics, as the effects of starting to export may already have dissipated some 

time previously. Thus, treated units must be export starters in a certain year and controls must 

be firms that do not decide to export in that same year. Nevertheless, there are several criteria 

to identify and select each of those two groups of firms. 

                                                 
11 This means that we are exempt of studying other moments of the conditional distribution of probability 
between starters and controls. 
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Eliasson et al. (2009, p. 19) describe the difficulties involved: “the problem here is that 

we try to transform what is actually a process of dynamic treatment assignment (where some 

firms choose to enter the export market early, others decide to go in later, and some prefer to 

never enter) into a static one (where firms once and for all decide whether or not to enter)”. 

In fact, the definition of the treated and control firms may affect the computation of 

ATT and thus influence LBE assessment. If we define starters as only “successful” new 

exporters instead of all new exporters, or if we define controls as only never-exporters in the 

observed period, instead of considering firms that do not decide to begin exporting in that 

year, we will probably generate a bias favouring the LBE thesis. Indeed, if we deliberately 

forget firms that fail to survive as exporters, we also forget that export failure should be 

viewed as a possible outcome of the overall treatment effect of export entry and should not be 

considered as exogenous with regard to that same treatment. Also regarding control firms we 

must admit that using the group of never-exporters we establish a prejudice against firms that 

in each year choose not to export but in the near future may opt differently. Thus, in line with 

Eliasson et al. (2009) we think it would be more prudent to use as controls, in each year, all 

firm not-yet-entrants, regardless of what options they may assume in the future. Overall, it 

must be recognized that the composition of the treatment and comparison group involves 

conditioning on the future results as it produces samples that are selective in terms of the 

outcome of our interest. Thus, to analyse more deeply the implications of such options we 

decided to implement a triple classification of both starters and controls. 

Concerning starters, we used three concepts: (i) the more restricted one assumes starter 

is a firm that exports in year t, but not in t-1, t-2 and t-3; (ii) an intermediate definition 

assumes that starter is a firm that exports in year t, but not in either t-1 or t-2; (iii) a more 

flexible concept assumes that a starter is a firm that exports in year t, but not in t-1. Regarding 

the definition of controls, we also tested three concepts: (i) the more restricted one assumes 

that a control is a firm that does not export in years t, t-1, t-2 and t-3; (ii) an intermediate 

definition assumes that control is a firm that does not export in years t, t-1 and t-2; (iii) a more 

flexible concept assumes that control is a firm that does not export in years t and t-1. We also 

require that both groups of firms are observed at least for one year, after the treatment begins. 

Table 6.12 summarizes the number of starting firms related with each concept, while in 

Table 6.13 the same information is presented for controls. In the following sections we adopt 

the more flexible concept of starter12 and of control; this option derives from the interest in 

                                                 
12 Using this definition of starter, on average for 1997-2002, 5% of the exporters are new entrants in each year. 
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using the widest sample possible. Nevertheless, we also tested for alternative concepts of 

starters and controls and as we will see our main conclusions are not affected. 

 

Table 6.12.: Number of starters upon each definition 

 1997 1998 1999 2000 2001 2002 

More restricted concept   22 23 21 32 

Intermediate concept  54 43 47 37 46 

More flexible concept 
166 

(6%) 

132 

(5%) 

105 

(4%) 

125 

(4%) 

86 

(3%) 

118 

(5%) 

 Note: In brackets the percentage of starters for the total of exporters in each year. 
 Source: Own calculations. 

Table 6.13.: Number of controls upon each definition 

 1997 1998 1999 2000 2001 2002 

More restricted concept   262 252 233 220 

Intermediate concept  340 342 336 309 287 

More flexible concept 511 475 484 479 425 405 

 Source: Own calculations. 

 
Studying the pattern of export starters during the period 1997-2002 (Appendix C, Table 

C.2), we can observe that the set composed by Food and Beverages, Wood, Printing and 

Machinery were the sectors with a highest propensity to start exporting, relative to the weight 

of each sector exporters in total exporters, for the same period. 

 
6.4.3. Estimating the propensity score matching 

The selection of covariates 

The first step to implement PSM consists of estimating the propensity score. Thus, the choice 

of the covariates used to identify the probability of a firm beginning to export is the first task 

to perform. As a guide, we have used the findings of the theoretical and empirical literature on 

the determinants of export market entry (e.g., Bernard and Jensen 1999; Girma et al., 2004). 

Overall, there are three groups of factors influencing the propensity of a firm to export, in 

general, and to begin exporting, in particular: (i) firms’ features and performances before 

export entry; (ii) sunk costs of the markets firms want to sell to; (iii) macroeconomic variables 

that influence all firm’ ability to export. 

In the theoretical modelling literature there are explicit and implicit references to the 

decision to export. In the latter case, there are two different models of international trade that 

assumed, for the first time, firms’ heterogeneity regarding productivity. Bernard et al. (2003) 
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developed a multi-country Ricardian based model and Melitz (2003) introduced this novelty 

into an intra-industry trade modelling a la Krugman (1980). 

Melitz’s model assumes conditions of monopolistic competition in which firms produce 

a variety of goods and draw their productivity from fixed distribution. There are fixed 

production costs and fixed and variable entry costs in export markets and thus the productivity 

of the firm and the expected probability of entering the foreign market are positively related. 

In fact, entering the export market entail several costs such as market research costs, market 

development and distribution channel development costs. A forward looking manager would 

weigh these sunk costs incurred during market entry, against the future expected stream of 

income. Thus, entry into export markets depends on which firms have the capacity to 

undertake this investment (e.g., Nagaraj, 2009). 

However, none of those models explained the occurrence of potential LBE effects, as 

both assumed that participation decisions in export markets are determined completely by a 

combination of foreign market entry sunk-costs and firms’ exogenous differences in 

productivity. In the same line, Falvey et al. (2004), extending the basic Melitz model, assume 

self-selection of new exporting firms to be stronger when the degree of substitution across 

products was high. 

Nevertheless, the fact that the entry costs depend on the firm’s previous export status 

confers an intertemporal character on the decision to export. Roberts and Tybout (1997) 

present a review of the theoretical literature on sunk-entry cost initiated by Baldwin and 

Krugman (1989). In that literature it is assumed that firms face sunk-costs for (re)entering 

foreign markets and that those costs depend on the time of absence from foreign markets. 

Additionally, two more assumptions are made as exports increase the expected profits by a 

certain amount and there is also an exit cost. Hence, in each period managers are assumed to 

choose the infinite sequence of decisions to export or not that maximize the expected present 

value of payoffs.13 In this line, other authors (e.g., Sjöholm and Takii, 2008) also present 

dynamic models of the export decision performed by profit-maximizing firms. 

In a complementary approach, Chaney (2008) builds a model of international trade with 

liquidity constraints. According to him, if firms must pay some entry cost to access foreign 

markets and if they face liquidity constraints to finance these costs, only firms with sufficient 

liquidity are able to export. In fact, there is a literature linking financial development and 

international trade: for example, Fanelli and Keifman (2002) had already underlined that for 

                                                 
13  Such problem could be solved by using a Bellman’s equation. 
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countries with a weak financial system one could expect exports to concentrate in big and 

well established firms. They point out that, besides firms’ size and age, access to financial 

markets is a relevant factor determining firms’ export ability and, thus, firms that have access 

to a well developed financial system can be considered as a key element in determining 

countries’ non-price competitiveness. Indeed, as exporters must incur vital costs to enter 

foreign markets, countries with a well developed financial system will therefore enjoy some 

advantage for export activities.14 

At the empirical level, the export-market participation with sunk costs model has been 

tested for firms belonging to both developed and developing countries (e.g., Clerides et al., 

1998; Bernard and Wagner, 2001; Bernard and Jensen, 2004; Girma et al., 2004). Roughly 

speaking, those authors aim to quantify the impact of entry-exit costs on the probability of 

exporting (and some of them also test the presence of the LBE). The empirical findings 

emphasise the significance of the export experience to explain firms’ ability to export, 

confirming the relevance of the sunk cost model to explain firms’ export status. Espanol 

(2007) also states explicitly that there is a wide consensus concerning firms’ features that help 

to explain the export status: size, age, structure of capital ownership and productivity 

performance are the most significant factors. Besides, Bernard and Jensen (2004, p. 569) 

conclude that the literature agrees on variables explaining the decision to export but not on 

“how firms obtain the characteristics that allow them to easily enter to the export market”. 

On the other hand, there is also a literature that studies macroeconomic factors affecting 

firms’ propensity to export. Variables which change and produce waves of entry and exit in 

exports are exchange rates, policy innovation and agglomeration effects. Das et al. (2007) 

show that these changes are most relevant for firms which export little, the fringe players in 

export markets (Tybout, 2003). Sjöholm and Takii (2008) assume that the binary variable, 

behind the dynamic binary choice model of exporting, relies on parameters that reflect 

different sunk costs related with past export skills and firms’ network of foreign contacts, but 

also on time-specific factors common to all firms (exchange rates and trade policies) and 

plant-specific factors such as: value added per worker, share of white collar workers and plant 

size. They argue that the two former variables influence firms´ earning and product quality, 

thus affecting the probability of exporting. 

Considering all those aspects and in line with Caliendo and Kopeinig (2008), we 

decided to include as covariates, for the propensity score estimations, only variables that 

                                                 
14 Given the proved negative relation between firms’ size and the access to the financial system, in our empirical 
work, we proxy the first variable by the use of a dummy for smaller firms. 
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affect both participation decision and outcome. Moreover, we used separately the covariates 

lagged one year, two years and three years.  

In this line, our chosen covariates were TFP, ULC of sales, size measured by the 

number of employees, a dummy (Dsmall) controlling for small firms (i.e., with fewer than 50 

employees), capital stock, investment, wages, sales, a dummy indicating if the firm has 

workers in R&D activities (Skill), a dummy indicating if the firm has a foreign share of 

capital (Forcap), a dummy indicating if the firm imports (Imp) and a dummy indicating if the 

firm imports machines (ImpMac), and also dummies for sector.15 All these variables seem to 

influence both the export entry decision and the outcomes of both starters and control firms. 

Regarding the regression, the choice of the functional form seems to be robust since the 

binary treatment with logit and probit regressions yields similar results. 
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The probit is estimated pooling all cohorts but we have also tested its validity separately 

for each year and sectoral group. To free up the functional form of the propensity score we 

also included higher order polynomials and interaction terms. In search for the proper 

specification of the probit model, we also tested the influence of other variables’: level of 

profits, liquidity restrictions of firms (measured, at the end of each year, by firms’ available 

cash balances and by firms’ banking credit balances), weight of debt for each firm (measured 

by the ratio of banking debt to capital stock at the end of each year) and a dummy controlling 

for the imports of raw materials. However, these variables were excluded as they harmed the 

quality of matching and the balancing tests that are performed to ensure that the chosen 

specification balances the pre-treatment covariates between the treatment and the control 

group, conditional on the estimated propensity score. 

The results of the subsequent matching performed on pre-treatment variables at year t-3, 

t-2 and t-1 were quite similar. Moreover, the risk of matching on the endogenous variable is, 

in our case, extremely low as many starters’ pre-treatment features at t-3 closely resemble 

those at t-1. Thus, to benefit from a larger sample we chose to present the results from 

matching on covariates at t-1. The chosen probit specification respects the balancing test 

(Rosenbaum and Rubin, 1983; Becker and Ichino, 2002). This means that the decision to 

                                                 
15 The detail of these dummies depends on the type of data used; if using data for each cohort we used five digits 
sectoral codes but when performing pooled data we used two digit sectoral codes. 
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export must be random and treated and matched firms (not control firms in general but only 

matches) must be identical, on average, before exports. The common support option must also 

be selected, ensuring that firms with the same propensity to export have the same positive 

probability to become an exporter or to remain a domestic firm. 

 
Performing Propensity Score Matching (PSM) 

After propensity scores are obtained, the second phase consists of matching starters (treated 

firms) with controls (non-treated firms) by using the estimated propensity scores. There are 

several algorithms to establish that match; they differ due to the different weighting regimes 

to evaluate the importance of each control for each treated firm. We tested the use of two of 

those weighting schemes: kernel matching and nearest neighbour matching. 

Kernel matching defines a neighbourhood for each treated observation and assigns a 

positive weight to all control observations within the neighbourhood while the weight is 

otherwise zero. In addition, there are different kernel weighting schemes (e.g., Gaussian, 

Biweight or Epanichnikov) that define different estimators; for example, uniform kernel 

attributes the same weight to each observation in the neighbourhood, while other forms of 

kernel make the weights dependent on the distance between the treated and the control being 

matched, where the weighting function is decreasing in distance. By using more observations, 

kernel matching reduces the variance of the estimator as compared to the nearest neighbour 

and produces less bias. The nearest neighbour algorithm matches a starter with a single “non 

starter” that has the closest propensity score (we allowed never exporters to be used as a 

match more than once – matching with replacement). Given their properties on variance, we 

will present results based on the Epanechnikov kernel.16 

A crucial decision has to be made when performing the matching: (i) to do it separately 

in each year and for each sector (CAE), or (ii) to do it pooling all time cohorts and all sectors. 

We performed it both ways but when performing a pooled PSM we found that control-

matches belong to same year and sector of starters only in 25% of all cases. 

In line with De Loecker (2007), we argue that the option of such pooled PSM may have 

potential drawbacks as the marginal effects of various variables on the probability to start 

exporting may differ greatly between different sectors and even between different moments. 

This could be due to different technological and market conditions the firms face in different 

sectors or different years. This means that, conceptually, the separate estimation of the 

                                                 
16 We use a bandwith of 0,001. Moreover, the results show little sensivity on the weighting regime used or on the 
bandwith interval. 
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probability to start exporting for each sector and each year is a better procedure. On the other 

hand, given the narrowness of our database the use of a pooled PSM is of some interest. 

Subsequently, aware of the importance of both keeping an ample dimension of our 

database and of the advantages of estimating the PSM cohort by cohort,17 we implemented, as 

an intermediate solution,  the data segmentation used in the final part of the section studying 

SS. Thus, we use the above-mentioned five group classification of sectors based on 

technological sophistication (in line with Pavitt, 1984 - adapted).  

In this line, we estimated the PSM in two different ways; (i) for each year and for each 

of the five aggregated group of sectors and (ii) by pooling all cohorts (all years and all 

sectoral groups). At one hand, by using (i), we ensure that the matches come from the same 

year and from the same sectoral group. However, through this method we cannot produce an 

overall analysis of LBE for the period 1996-2003 and for the whole manufacturing sector, 

which is our main objective. At the other hand, by using the pooled PSM in (ii) we can exploit 

the information contained in the largest possible dataset, for modelling the export-starting 

decision; thus overcoming the eventual loss of efficiency of the first method, since the 

number of starters in every separate cohort is sometimes relatively low. However, when using 

(ii) we may obtain estimations of lower quality since we cannot ensure that the ideal matches 

are obtained. Moreover, in line with Serti and Tomasi (2008a) and Dehejia and Wahba (2002), 

there is no reason to believe that the same specification of the propensity score will balance 

the covariates in different samples. Thus, when we apply the matching to the pooled sample, 

additional precaution is necessary and some “compensatory measures” must be taken, for 

example by using relative variables that measure deviations from average sectoral and year 

performances. 

In an essay to reach the “best of both worlds”, we also used another PSM performance 

where the propensity scores are initially obtained from each separate year and sectoral group 

and then keeping those propensity scores and their corresponding weights, we perform the 

matching by pooling all cohorts of sectoral groups and years but ensuring that matches come 

from the same year and sectoral group of each starter. In order to distinguish the PSM applied 

to the two pooled datasets, we will name the latter as the “fine pooled PSM” and the former as 

the “general raw pooled PSM”. 

To sum up, we applied PSM to four different samples: (i) we begin by performing PSM 

for each cohort of different year and sectoral group; and then, we implement matching on the 

                                                 
17 Now, meaning separately for each year cohort and also for each sector. 
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pooled sample using three complementary ways: (ii-a) by pooling together the treated and 

matched control firms of different calendar years and of different sectoral groups– the general 

raw pooled PSM; (ii-b) by adding to the general raw pooled PSM the use of relative variables, 

computed as deviations from sector-year means, instead of absolute variable levels; (ii-c) and 

by pooling together treated and matched controls but making sure to perform PSM on firms of 

the same year and sectoral group – fine pooled PSM – using the methodology previously 

described. 

In all pooled samples we ensure that starters that repeat their status during the time span 

are only accounted for the first time they are starters; i.e., we eliminated the records of firms 

that are starters more than once. Thus, we eliminated 49 records of repeated starters 

(Appendix C, Table C.3.) presents the number of repeated starters of the various cohorts. 

 

6.4.4. Assessing matching quality 

The basic assumption to evaluate matching quality is to compare the average level of the 

covariates before and after matching and looking for differences between treated and control 

units. If there are differences, for the matched sample, the matching was not completely 

successful. 

To test our matching we implemented both a balancing test proposed by Becker and 

Ichino (2002) and also a standard T-test for equality of means. In the former test, we split the 

sample into intervals so that the average propensity score for the treated and the control does 

not differ in each interval. Then, within each interval, we checked that the means of each 

feature do not differ between treated and control units. We made sure that the balancing 

property is satisfied for every specification of the propensity score (and thus for each cohort 

of starters and controls separately). Regarding the second test, we performed a standard T-test 

for equality of means for the covariates to check if significant differences remain after 

conditioning on the propensity score. We computed the T-test for the mean values at t-1 and t-

2. The results shown in Table 6.14 refer to the concept of starters and controls considered 

earlier, and make us confident that we have identified the appropriate matched control group. 

Indeed, after matching no differences were found in covariate means of treated and untreated 

firms; thus, we are not able to reject the null hypothesis of equality of means for all the 

relevant variables. 
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Table 6.14.: Assessing the matching quality 
6.14a. Comparison between treated and control at t-1 

Unmatched sample 

 TFP Employees Capital Invest. Wages Pscore Skill Forcap 
Imports 

Machine 

All 

imports 

Treated 1.052 102.7 6.062 0.645 10.489 0.256 0.072 0.059 0.355 7.90 

Control 0.959 69.0 3.800 0.355 10.182 0.195 0.043 0.023 0.199 4.90 

T-test 3.44 8.42 4.63 5.92 1.10 15.03 2.81 4.95 8.93 2.02 

 

Matched sample 
 

 
TFP Employees Capital Invest. Wages Pscore Skill Forcap 

Imports 

Machine 
All imp 

Treated 1.033 95.1 4,98 0.557 10.482 0.251 0.069 0.055 0.349 7.90 

Control 1.050 92.3 5,08 0.554 10.601 0.247 0.067 0.051 0.343 7.01 

T-test -0.50 0.48 -0.31 0.05 -0.55 0.49 0.04 0.41 0.19 0.41 

Source: Own calculations. 

 
6.14b. Comparison between treated and control at t-2 

Unmatched sample 
 

 
TFP Employees Capital Invest. Wages Pscore Skill Forcap Imports 

Treated 1.01 86.5 4.46 0.399 10.32 0.148 0.705 0.035 0.313 

Control 0.98 73.9 4.01 0.421 10.38 0.120 0.441 0.023 0.204 

T-test 0.71 2.03 0.56 -0.15 -0.03 7.30 1.86 1.05 3.72 

Matched sample 

 

 
TFP Employees Capital Invest. Wages Pscore Skill Forcap Imports 

Treated 1.01 86.5 4.43 0.399 10.32 0.1475 0.7048 0.0352 0.312 

Control 1.01 84.6 4.80 0.401 10.38 0.1425 0.6019 0.0309 0.288 

T-test 0.01 0.15 -0.40 -0.07 -0.03 0.99 0.40 0.25 0.57 

Source: Own calculations. 

 

We also assessed the quality of matching for the other two concepts of starters and 

controls (Appendix C, Tables C.4 and C.5). The previous general conclusions still hold, 

which reinforces the validity of our propensity-score specification. As expected, before 

matching the differences between treated and controls are relevant but they are undoubtedly 

reduced after matching. Hence, after matching, no differences are found in covariate means of 

treated and untreated. Given the enlarged sample available at t-1 and as it was proved that the 

risk to match in endogenous variables is the same for t-1, t-2 and t-3, we chose to perform 

PSM using t-1 covariates. 
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6.4.5. Propensity Score Matching with Differences in Differences estimator 

PSM options 

In spite of all precautions when performing PSM, the self-selection bias may still exist, due to 

the bias coming from unobservables. In fact, if there are unobservable variables affecting both 

“assignment” into exporting and the outcome variable simultaneously, a hidden-bias arises. 

A practical and common procedure to deal with time-invariant unobservable bias is to 

add a Differences in Differences (DID) estimator to PSM ( Blundell and Costa Dias, 2000 

assume that the use of matching estimator with differences in differences approach can 

improve the quality of non-experimental evaluation). Using DID,18  we compare the 

differences in outcomes after and before the treatment (in our case, before and after export 

entry) for the treated group (export starters) to the same differences computed for the 

untreated group (controls). Given the previous assumptions, without the treatment, the 

differences across the two groups would not exist.  

Thus, to finally evaluate the impact of exporting on new exporters´ performances (ATT), 

we performed the PSM-DID estimator applying it to the database built on the more flexible 

concept of starters and controls. We computed the PSM-DID estimator at every period k after 

the entry into the export markets, with respect to the year prior to entry (t-1). The 

implemented estimator could be written as: 
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In (6.7), Y is the required outcome (in our case we used logarithms – ln - instead of absolute 

values to obtain differences in growth rates between starters and non-starters); subscripts Post 

and pre denote that variable refers to the period post-entry and pre-entry; Di=1 denotes the 

group of starters in the region of common support, while Dj=0 denote the group of non 

starters in the region of common support; ni is the number of treated units on the common 

support; wi,j is the weight given to the j th observation of controls in constructing the 

counterfactual to the i th treated firm. The number of control firms that are matched with a 

starter i is always 1 when we use a single nearest neighbour or all matched controls in 

                                                 
18 According to Heckman et al. (1997), the difference-in-difference (DID) matching estimator removes the 
effects of common shocks on treated and controls, and thus provides a more accurate description of the impact of 
exporting. 
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common support, when we use kernel algorithm. Given the assumptions made earlier about 

the database, namely the definition used for starters and controls, we considered a maximum 

of six years after the starting year and thus we calculated ATT effects for: the entry period t, 

t+1, t+2, t+3, t+4, t+5 and t+6. 

Moreover, given that we used ln for each variable, values in Table 6.15 are expressed as 

percentual point differences in growth rates between starters and matched controls, for each of 

the variables considered and observed cumulatively from the year t-1 to the end of that year. 

The standard errors are obtained by bootstrapping19  the entire estimation framework, 

including the stage of propensity score computation.  

The first PSM-DID was applied to the sample obtained by pooling all cohorts without 

special care for matches coming from different sectors and years (general raw pooled PSM-

DID). Table 6.15 shows that the effect of exporting on TFP is positive and statistically 

significant since one year after entry into foreign markets up to four years later. The same idea 

is confirmed by using LP: the labour productivity of starters grows faster than for non-starters. 

Thus, LBE seems to be confirmed with both productivity indicators. These results are broadly 

similar to those obtained by the FE model in the previous section; similar results arise when 

we match the pooled sample using nearest neighbour algorithm20. Thus LBE effects seem to 

be robust enough whatever the methodology used. 

The positive effects of exporting seem to spread to other variables such as capital, 

number of employees and sales, while wages do not present different growth rates between 

starters and non-starters. Starters also appear to become even more capital intensive than non-

starters, especially three and four years after the beginning of export. Moreover, starters do 

not present a higher growth of investment, which could be explained by the larger investment 

waves that starters performed some years before internationalization. 

 

 
 
 
 
 
 
 
 
 
 
 
 

                                                 
19 The use of bootstrapping is justified as an improvement of the accuracy of standard errors computed by 
module psmatch2; in performing bootstrapping, we used 200 replications. 
20 We do not report estimates based on nearest neighbour algorithm for reasons of brevity. 
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Table 6.15.: ATT effects: PSM-DID estimations (raw version) 

 t / t-1  t+1 / t-1 t+2 / t-1 t+3 / t-1 t+4 / t-1 t+5 / t-1 t+6 / t-1 

TFP 0.008+ 

(0.018) 

0.026* 

(0.013) 

0.045* 

(0.025) 

0.039* 

(0.027)  

0.059**  

(0.027) 

-0.002+ 

(0.044) 

-0.071+ 

(0.067) 

LP 0.003+ 

(0.027) 

0.036 

(0.018) 

0.029+ 

(0.024) 

0.038* 

(0.022) 

-0.019+ 

(0.045) 

-0.039+ 

(0.042) 

-0.070+ 

(0.071) 

Capital 0.009+ 

(0.01) 

0.058 

(0.011) 

0.048 

(0.016) 

0.358 

(0.001) 

0.064**  

(0.026) 

0.009+ 

(0.04) 

-0.027+ 

(0.077) 

Employees 0.006+ 

(0.008) 

0.028 

(0.011) 

0.052 

(0.016) 

0.035**  

(0.020) 

0.046**  

(0.026) 

0.071**  

(0.040) 

-0.027+ 

(0.067) 

Investment 0.014+ 

(0.057) 

0.081+ 

(0.067) 

-0.016+ 

(0.085) 

0.016+ 

(0.091) 

0.018+ 

(0.011) 

0.014+ 

(0.17) 

0.001+ 

(0.26) 

Sales 0.022**  

(0.013) 

0.032**  

(0.011) 

0.053 

(0.020) 

0.054**  

(0.022) 

0.076**  

(0.031) 

0.017+ 

(0.052) 

-0.077+ 

(0.093) 

Wages 0.001+ 

(0.012) 

-0.004+ 

(0.072) 

-0.014+ 

(0.013) 

0.002+ 

(0.011) 

0.007+ 

(0.023) 

-0.032+ 

(0.026) 

-0.034+ 

(0.045) 

ULC -0.015* 

(0.011) 

-0.017* 

(0.012) 

-0.014+ 

(0.022) 

-0.016+ 

(0.024) 

-0.022+ 

(0.026) 

0.021+ 

(0.037) 

0.016+ 

(0.042) 

CI 0.004+ 

(0.011) 

0.022* 

(0.012) 

0.041 

(0.013) 

0.275 

(0.012) 

0.018+ 

(0.032) 

-0.061+ 

(0.048) 
-0.002+ 

(0.076) 

Earnings after taxes -0.055* 

(0.023) 

-0.071** 

(0.042) 

-0.162** 

(0.073) 

0.125 

(0.041) 

0.271 

(0.058) 

0.217* 

(0.131) 

0.021+ 

(0.023) 

R&D personnel (a) -0.173+ 

(0.191) 

0.078+ 

(0.271) 

0.354**  

(0.211) 

0.423** 

(0.242) 
- - - 

Number Treated 725 723 489 381 281 181 111 

Number Controls 2,751 2,747 1,822 1,298 869 509 233 

Source: Own calculations. 
Notes: We report bootstrapped standard errors (200 replications), the number of treated on the common support and the 
number of matched controls. If nothing mentioned coefficients are significant at 1%.** : mean significant at least at 5%. 
* means coefficients are significant at least at 10%. + means coefficients are not significant. (a): PSM-DID for the quote 
in total employees of those designated exclusively to R&D activities.  
 

 

Moreover, the ULC of sales for starters presents lower growth rates in relation with 

non-starters, in the first two years after exports beginning, which can be explained by starters´ 

superior overall efficiency growth. In addition, starters present, from two years after 

beginning to export, a significantly higher growth rate of the weight of employees exclusively 

involved in to R&D activities (R&D personnel), indicating for those firms a superior attention 

to innovation activities and their preparation; this, in turn, helps them to deal with the more 

competitive environment faced in foreign markets. Regarding profits (earning after taxes), in 

the first three years after exporting, starters perform worse than non-starters but after that time 
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interval the growth rate of earnings for starters is much more higher, which suggests that only 

after some time exporters are compensated for their option of internationalization.  

 

Robustness of PSM-DID to different pooling methods  

As an initial robustness test, we performed a similar procedure for PSM-DID but in this 

case we use the two years before starting to export (instead of one year) as the base years for 

computing the LBE effects. In Appendix C, Table C.6 shows that conclusions are very similar 

to those reported in Table 6.15 which confirms the robustness of those findings. 

Moreover, in the previous PSM-DID we applied PSM-DID in a broad criteria of 

pooling to all treated and controls across sectors and years. As mentioned before, this 

procedure has some limitations and thus, in order to overcome them, we computed ATT (LBE 

effects) using relative values instead of absolute values. Thus, we now use all variables 

expressed as a deviation from their respective sector-year mean, to take into account sectoral 

and time specificities. The results of the respective ATT (Table 6.16), concerning the two 

productivity measures, are quite similar to the previous ones obtained with absolute variables. 

In this line, these results also suggest that applying PSM-DID estimators to the general raw 

pooled sample, as used in the first place, is an acceptable procedure.  

 

Table 6.16.: ATT effects: PSM-DID estimations using relative variables 

 t / t-1  t+1 / t-1 t+2 / t-1 t+3 / t-1 t+4 / t-1 t+5 / t-1 t+6 / t-1 

TFP 0.010+ 

(0.015) 

0.026* 

(0.015) 

0.052** 

(0.022) 

0.044**  

(0.020) 

0.055* 

(0.030) 

0.021+ 

(0.015) 
- 

LP 0.013+ 

(0.015) 

0.031* 

(0.015) 

0.045* 

(0.022) 

0.039* 

(0.021) 

0.052* 

(0.031) 

0.014+ 

(0.015) 
- 

Source: own calculations. 
Notes: See Table 6.15. Given data narrowness estimates for six years are not possible. 

 
 
Additionally, in a superior form of robustness, we estimated ATT effects ensuring we 

performed PSM-DID strictly matching firms exclusively of the same year and sectoral group.  

To execute such “fine” pooled PSM: (i) we performed thirty different PSM, using 

nearest neighbour algorithm and controlling for common support, for each of the 30 cohorts;21 

(ii) we saved the propensity scores and the weights, in each separate PSM, of the treated and 

controls matched by using a nearest neighbour algorithm; (iii) we eliminated all treated and 

all controls that were out of the common support region; we also ignore all controls that were 

                                                 
21 The 30 cohorts are the result of 6 years (1997 to 2002) multiplied by 5 groups of aggregated sectors.  
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not used as matches in each separate PSM; (iv) we pooled all the remaining firms (the treated 

and the controls that were matched) and computed the correspondent ATT.  

 

Table 6.17.: ATT effects: PSM-DID “fine” estimations 

(PSM performed cross-section by cross section and year by year) 

 t / t-1  t+1 / t-1 t+2 / t-1 t+3 / t-1 t+4 / t-1 t+5 / t-1 t+6 / t-1 

TFP 0.009+ 

(0.023) 

0.077** 

(0.033) 

0.031**  

(0.021) 

0.045+ 

(0.043) 

0.118* 

(0.056) 

0.005+ 

(0.07) 

-0.014+ 

(0.014) 

LP 0.012+ 

(0.023) 

0.072** 

(0.031) 

0.025**  

(0.013) 

0.035+ 

(0.042) 

-0.037+ 

(0.07) 

-0.045+ 

(0.067) 

-0.061 

(0.111) 

Capital 0.003+ 

(0.023) 

0.049 

(0.019) 

0.029+ 

(0.023) 

0.572* 

(0.023) 

0.024+ 

(0.023) 

0.019+ 

(0.083) 

-0.053+ 

(0.153) 

Employees -0.002+ 

(0.013) 

0.040** 

(0.017) 

0.056 

(0.019) 

0.028+ 

(0.023) 

0.063* 

(0.023) 

0.061+ 

(0.053) 

-0.007+ 

(0.111) 

CI 0.007+ 

(0.011) 

0.008+ 

(0.021) 

0.028* 

(0.013) 

0.641 

(0.013) 

-0.047+ 

(0.043) 

-0.042+  

(0.053) 

-0.047+ 

(0.131) 

Sales 0.032**  

(0.016) 

0.067 

(0.025) 

0.048* 

(0.028) 

0.007+ 

(0.053) 

0.107* 

(0.056) 

0.016+ 

(0.088) 

0.018+ 

(0.151) 

Invest -0.026+ 

(0.098) 

0.031+ 

(0.017) 

-0.129+ 

(0.146) 

-0.119+ 

(0.221) 

0.319* 

(0.019) 

-0.057+ 

(0.311) 

0.331+ 

(0.691) 

Wages 0.008+ 

(0.008) 

-0.017* 

(0.010) 

-0.011+ 

(0.014) 

-0.019* 

(0.091) 

-0.025+ 

(0.020) 

-0.057* 

(0.031) 

-0.027+ 

(0.053) 

ULC -0.026* 

(0.015) 

-0.043**  

(0.021) 

-0.009+ 

(0.022) 

-0.029+ 

(0.024) 

-0.075**  

(0.037) 

0.002+ 

(0.05) 

-0.059+ 

(0.076) 

 Source: Own calculations. Number of firms: 944  
 Notes: See Table 6.15. 

 
Results of Table 6.17 are in line with the estimations previously obtained with the 

general raw pooled PSM; in fact, using this more rigorous pooling we reconfirmed the LBE 

thesis for this sample of manufacturing Portuguese firms. In addition, these results also mean 

that using the general raw pooled database, used in the first ATT calculation (table 6.15) does 

not cause serious bias in our analysis. Thus, in order to use the biggest possible sample of 

treated and control firm, we use henceforth the general raw pooling criteria 

 

Robustness of PSM-DID to firms´ history  

In a last effort to test the robustness of PSM implemented on the general raw pooled sample, 

we performed a PSM splitting our treated and control firms according to the time span in 
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which they are observed, both before and after the year of treatment. As shown in Table 6.15, 

the sample size decreases when we focus on periods more distant from the export entry year; 

this can be due to different reasons: (i) some starters stop exporting after some years (the less 

successful starters); (ii) the controls, the starters or both exit the market; (iii) despite being in 

the market the controls or the starters did not respond to the query of INE. Assuming a time 

span of one year after export entry, to admit firms in our database, we cannot observe the 

whole history of firms after the export entry. This option, although enlarging our database 

could bias the results. Indeed, by imposing only a single year of observation after export entry 

and not a longer period of observation, we are ignoring the fact that several starters quit after 

one year and so we could be biasing the results against LBE as we would be overweighting 

unsuccessful starters. 

In order to check on this possible sample selection effect, following De Loecker (2007) 

and Maggioni (2009), we recalculated the post-entry effects for different groups of firms 

according to the number of consecutive years we can observe the starters, after the export 

entry, and the correspondent matched controls; this means the number of years of consecutive 

data – not necessarily of exporting – after a firm starts to export. Table 6.18 shows the 

respective results. 

 

Table 6.18.: PSM-DID (TFP) firms splitted by consecutive number of years observed after 

“start” 

Years of consecutive 

observations after 

starting year 

t / t-1  t+1 / t-1 t+2 / t-1 t+3 / t-1 t+4 / t-1 t+5 / t-1 t+6 / t-1 

1 year (firms: 988) 
0.021+ 

(0.024) 

0.060* 

(0.034) 
- - - - - 

2 year (firms: 676) 
-0.005+ 

(0.034) 

0.020+ 

(0.041) 

0.064* 

(0.041) 
- - - - 

3 year (firms: 648) 
0.006+ 

(0.023) 

0.006+ 

(0.021) 

0.052* 

(0.029) 

0.069* 

(0.021) 
- - - 

4 year (firms: 510) 
-0.029+ 

(0.035) 

0.043+ 

(0.059) 

0.069**  

(0.041) 

0.117** 

(0.051) 

0.136** 

(0.061) 
- - 

5 year (firms: 355) 
0.004+ 

(0.036) 

0.040+ 

(0.034) 

0.049* 

(0.035) 

0.076* 

(0.046) 

0.051+ 

(0.065) 

0.101* 

(0.061) 
- 

6 year (firms:296) 
0.022+ 

(0.034) 

-0.061+ 

(0.041) 

-0.035+ 

(0.061) 

-0.049+ 

(0.061) 

-0.048+ 

(0.058) 

-0.081+ 

(0.061) 

-0.063+ 

(0.079) 

Source: Own calculations.  
Notes: See Table 6.15. We also report the maximum number of firms for each row. 
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We must highlight the differences between these results and those of Table 6.15. The 

results on productivity growth in Table 6.15 were obtained with a less restrict criteria as it 

includes firms having at least one consecutive observation after the export entry. Given that 

condition, we now check whether the effects attributed to exporting are not driven by the 

selection process over time. Thus, we looked at the effects of export entry at every t for the 

various groups of firms split by the different number of years the firm was observed, after the 

decision to start exporting was made; results of Table 6.18 show no substantial differences 

when compared to correspondent cases of Table 6.15; thus confirming there is no systematic 

selection process over time. For instance, at t and t+1 no LBE is detected whatever the sample 

duration while at t+2 and t+3 is possible to detect LBE whatever the sample duration; the 

exception is the group of firms having six observations after starting to export, yet, we must 

consider the small dimension of that particular sample which may difficult LBE detection. 

Additionally, we studied LBE, splitting firms by the number of years with complete data 

before exports start, thus adding firms´ history” to LBE assessment. 

 

Table 6.19.: PSM-DID (TFP) firms splitted by the number of years observed before “start” 

Years of consecutive 

observations before 

starting year 

t / t-1  t+1 / t-1 t+2 / t-1 t+3 / t-1 t+4 / t-1 t+5 / t-1 t+6 / t-1 

1 year (firms: 1017) 
-0.016+ 

(0.021) 

-0.027+ 

(0.025) 

0.043+ 

(0.049) 

0.019+ 

(0.037) 

0.033+ 

(0.050) 

0.002+ 

(0.065) 

-0.067+ 

(0.078) 

2 years (firms: 783) 
0.006+ 

(0.029) 

0.094**  

(0.042) 

0.032+ 

(0.043) 

0.081* 

(0.046) 

0.063+ 

(0.063) 

0.078+ 

(0.069) 

- 

 

3 years (firms: 594) 
-0.003+ 

(0.062) 

-0.012+ 

(0.034) 

0.075* 

(0.041) 

0.067* 

(0.041) 

0.064+ 

(0.10) 

- 

 

- 

 

4 years (firms: 463) 
0.125+ 

(0.089) 

0.151* 

(0.091) 

0.125* 

(0.08) 

0.008+ 

(0.099) 
- - - 

5 years (firms:319) 
-0.032+ 

(0.121) 

0.024+ 

(0.131) 

0.008+ 

(0.151) 
- - -- 

 

- 

6 years (firms: 245) - - - - - - 
- 

 

Source: Own calculations. We add one more covariate to this PSM-DID: the year of start to export. 
Notes: See Table 6.15. We also report the maximum number of firms for each row. 

 
 

Results of Table 6.19 show that LBE is observed for firms having between two and four 

years of “historical data” but is not confirmed for firms with a small history of just one year 

before exports start. Although these results require further investigation they may suggest that 
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firms in order to benefit from LBE need time to build some capacities and competences. 

Moreover, given the small number of observations with five and six years before exports start, 

it is not possible to confirm LBE for those time spans. 

 

Robustness of PSM-DID to yearly computation  

Although the results of Table 6.15 are quite expressive and seem also robust, we could 

consider, in line with De Loecker (2007) and Maggioni (2009) that in the entry year firms 

place themselves on a higher TFP path and then they “simply” stay on this “superior” level of 

efficiency. If this is true, the annual growth rates would be higher for starters only for the 

entry period. To check this hypothesis we then computed the ATT effects on yearly TFP 

growth rates, changing for each computation the year basis of comparison. Table 6.20 shows 

that starters present a significant higher annual growth rate of TFP than non-treated firms only 

for the second complete year after export entry. Considering this table together with previous 

results on PSM-DID estimates, we can argue that, even if exporting has positive effects on 

firm performance and even if it lasts for some years following the export entry, it is not in the 

entry year that starters go on a higher TFP path. These results are different from those found 

for Slovenian (De Loecker, 2007) and Turkish firms (Maggioni, 2009). 

 

Table 6.20.: ATT effects: PSM-DID estimations of yearly growth rates 

 t / t-1 t+1 / t t+2 / t+1 t+3 / t+2 t+4 / t+3 t+5 / t+4 t+6 / t+5 

TFP 0.008+ 

(0.018) 

0.017+ 

(0.015) 

0.034**  

(0.017) 

0.019+ 

(0.019) 

0.048** 

(0.021) 

0.044+ 

(0.031) 

-0.005+ 

(0.067) 

Source: Own calculations. 
Notes: See Table 6.15. 

 
 
6.4.6. Learning channels and detailed Learning-by-Exporting analysis 

The link between LBE and imports 

Empirical evidence on LBE shows, as already noticed for other countries (e.g., Maggioni, 

2009, for Turkey), the existence of a close link between exporting and importing: export 

starters often also start importing in the same year; in our sample, almost 40% of export 

starters are simultaneously export and import starters (Table 6.21). 
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Table 6.21.: Export and import starters 

 1997 1998 1999 2000 2001 2002 

Export starters 166 132 105 125 86 118 

Import starters 253 236 179 203 178 194 

Common starters 75 58 41 36 31 51 

Source: Own calculations. 

 

Based on Table 6.21, we decided to perform a double test concerning the importance of 

imports: (i) we tested if post-entry effects of exports are larger for firms start importing 

simultaneously with exporting; (ii) we also checked for any difference in ATT effects 

between two distinct groups of firms: (a) firms that change their international status from non-

trader (NT), in the pre-entry year, to only exporters (OE) and (b) firms that change from only 

importers (OI), in the pre-entry year, to two-way-traders (TWT). 

Concerning the first objective we split our database22 into two mutually exclusive 

groups: (i) one group formed by common starters in each year, i.e., firms which were NT in t-

1 and become TWT in year t; (ii) another group containing all export starters for each year, 

independently of being NT or OI before that moment.23 Then, we applied the usual PSM-DID 

estimator to each group and also checked the quality of the matching. Results, in Table 6.22, 

strongly suggest that imports enhance LBE effects. When export starters simultaneously start 

importing firms experience strong positive effects in their productivity, whereas if export 

starters do not simultaneously start importing LBE is not observed.  

 
 

Table 6.22.: ATT effects: PSM-DID estimations on TFP controlling for import starters 

 t / t-1  t+1 / t-1 t+2 / t-1 t+3 / t-1 t+4 / t-1 t+5 / t-1 t+6 / t-1 

Import and export 

starters 

0.116**  

(0.022)  

0.159** 

(0.033) 

0.215** 

(0.069) 

0.083* 

(0.059) 

0.109+ 

(0.092) 

0.192+ 

(0.152) 

- 

 

Only export starters -0.001+ 

(0.032) 

0.014+ 

(0.034) 

0.062+ 

(0.048) 

0.063+ 

(0.051) 

0.056+ 

(0.046) 

0.048+ 

(0.049) 

-0.097+ 

(0.089) 

 Source: Own calculations. 
 Notes: See Table 6.15. Given the narrowness of each sub-sample it is not possible to compute ATT for six years. 

 

In a complementary analysis, we split that second group of firms, which become 

exporters, into two sub-groups: (i) one sub-group contains OI, that is the firms that are also 

                                                 
22 Given verifications performed we argue that the use of general raw pooled sample is acceptable from now on. 
23 This group of firms includes all export starters in each year which do not import in that year, whether or not 
they have imported previously. 
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importers in the export starting year, independently of when those imports began, and (ii) 

another sub-group is composed of purely NT in the export starting year. Results, in Table 6.23, 

in line with McCann (2009) for Irish firms, suggest that LBE is faster for NT than for OI. In 

fact, NT benefit more rapidly from LBE while OI seem to benefit from exports only after a 

certain time lag.  

 

Table 6.23.: ATT effects: PSM-DID estimations with different import status 

 t / t-1  t+1 / t-1 t+2 / t-1 t+3 / t-1 t+4 / t-1 t+5 / t-1 t+6 / t-1 

NT – OE 0.012+ 

(0.018) 

0.032* 

(0.021) 

0.052* 

(0.021) 

0.023+ 

(0.037) 

0.067* 

(0.043) 

0.029+ 

(0.071) 

-0.021+ 

(0.121) 

OI – TWT -0.001+ 

(0.032) 

0.014+ 

(0.034) 

0.051+ 

(0.047) 

0.063* 

(0.039) 

0.056+ 

(0.046) 

0.048* 

(0.029) 

-0.097+ 

(0.141) 

Source: Own calculations. 
Notes: See Table 6.15. 

 
From the previous analyses we can state that imports perform two complementary roles 

for LBE assessment. At one hand, we must distinguish between LBE (which effects are not 

confirmed in Table 6.22) and Learning-by-Importing, LBI, effects (which effects are noticed 

in Table 6.22). These LBI effects could be obtained from imported goods, the preparation for 

imports and imports use. At the other hand, comparing the first and the second rows of Table 

6.23, in which any LBI effects are excluded, we can argue that previous imports may act for 

new exporters as a catalyser to LBE, in the sense that they extend the LBE effects in time. 

 
The link between LBE and comparative advantage sectors 

In line with Greenaway and Kneller (2007), we tested the hypothesis that the potential for 

LBE depends on some sectoral features that proxy for the differences between countries 

regarding the development of their productive systems. Those authors studied the importance 

of the level of exposure to trade in several sectors and also of sectoral R&D intensity levels. 

They found that LBE was weaker in firms that belong to sectors already highly exposed to 

international trade and in firms belonging to sectors that already have a high R&D intensity. 

Other authors (e.g., De Loecker, 2007 or Maggioni, 2009) argue that the potential for learning 

(and thus for LBE) depends upon the productivity gap between the domestic productive 

system and the foreign productive systems, which new exporters enter.  

We also admit such theses and we assume that there is a different scope for learning 

depending on: (i) the productivity and technological gap between the home country and 
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export destinations´ countries; (ii) the productivity and technological gap between sectors of 

different countries.  

This framework would lead us to study both: (i) the importance of overall efficiency 

differences between Portugal and market destinations of Portuguese exports; (ii) and the 

technological gap between Portuguese and foreign sectors or industries. In respect to the first 

issue, we assume that there is a “uniform” technological gap between countries, which affects 

all sectors with the same intensity; in the second approach we argue that the main objective is 

to take care of sectoral differences given that countries are likely to have sectors with 

comparative advantages and others with comparative disadvantages.  

In sectors where Portugal has no comparative advantage, Portuguese firms are likely to 

be less productive, on average, than foreign firms; however, in comparative advantage sectors, 

the Portuguese productive system is probably more efficient (in absolute and relative terms) 

than average foreign productive systems. Thus, in comparative advantage sectors, Portuguese 

firms could be more productive than firms of trade partners or, even if they are less efficient 

than foreign firms, that differential of productivity should be lower than in comparative 

disadvantage sectors. Thus, we want to check if learning effects are stronger and more 

significant for new exporters in comparative disadvantage sectors since in these sectors the 

productivity gap between the domestic productive system and foreign productive systems 

should be higher than in comparative advantage sectors. In fact, new exporters, in 

comparative disadvantage sectors, could more likely be exposed to a more competitive 

environment than in their domestic context and thus they could more probably receive 

positive spillovers, which could explain their potentially larger post-entry effects stemming 

from exporting. In this line, we expect LBE to be more intensive in comparative disadvantage 

sectors. 

In order to classify sectors according to international comparative advantages, we 

assume that trade patterns reflect this status. Using the Balassa (1965) Index of Revelead 

Comparative Advantage and the sectoral classification produced by Amador et al. (2007), we 

assume that Portugal has a comparative advantage in sectors in which it is more specialized 

than the world average;24 in these cases, this would imply a Balassa index higher than one, 

which refers to sectors whose weight in total Portuguese exports is higher than its 

corresponding weight in total world exports (Appendix C, Table C.7). 

                                                 
24 The ideal Index of Revealed Comparative Advantage should be computed in a bilateral basis given that it is 
comparative advantage is influenced by bilateral trade policy. Yet, the computation of such Index would be 
extremely demanding in the context of the present essay. 
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Hence, we tested the argument that LBE is more effective in comparative disadvantage 

sectors. Thus, after the PSM-DID for the whole sample, we defined Post_CA a vector of 

dummy variables for the post-entry period for starters in comparative advantage (CA) sectors, 

and Post_CD a similar vector for the post-entry period for starters in comparative 

disadvantage sectors (CD). Finally, we computed ATT effects running an OLS of the 

following equation: 

 

 s,is,is,is,i CD_postCA_PostTFP εββα∆ +++= 21 ,  (6.8) 

 

where: �TFPi,s is the productivity growth between the post-entry and pre-entry (t-1) period. 

To correct for specific effects linked to comparative advantage or disadvantage sectors, we 

use relative TFPi,s expressed as a deviation from the sector-year mean, to capture and correct 

for effects that are common to all firms belonging to the same sector. 

 
Table 6.24.: ATT effects: PSM-DID estimations of TFP according to starters comparative 

advantage or disadvantage 

 t / t-1  t+1 / t-1 t+2 / t-1 t+3 / t-1 t+4 / t-1 t+5 / t-1 t+6 / t-1 

Starter in CA sectors  
-0.006 

(0.018) 

0.030* 

(0.017) 

0.034* 

(0.022) 

0.034+ 

(0.031) 

0.045+ 

(0.039) 

-0.077+ 

(0.054) 

0.016+ 

(0.091) 

Starter in CD sectors 
0.045* 

(0.031) 

0.039* 

(0.027) 

0.072* 

(0.049) 

0.002+ 

(0.057) 

0.024+ 

(0.063) 

-0.035+ 

(0.083) 

-0.162+ 

(0.191) 

Source: Own calculations. 
Notes: See Table 6.15. 
 

The results obtained in Table 6.24 seem to confirm our argument. In fact, in 

comparative disadvantage sectors, new exporters present significant effects of LBE since the 

first year of exporting and they increase their productivity substantially more than never 

exporters and somewhat more than starters in comparative advantage sectors. 

Maggioni (2009) in a study for Turkish manufacturing firms had remarked that firms 

belonging to comparative advantage sectors could immediately take advantage of the export 

activity when they enter foreign markets; she also noticed that firms in comparative 

disadvantage sectors needed some time to exploit the opportunities offered by foreign markets. 

That is, the magnitude of post-entry effects would depend on comparative advantage and also 

on the timing for benefiting from LBE effects according to the groups firms belonged to. Our 

study does not prove that claim as we observed significant higher LBE effects on starters that 

belong to comparative disadvantage sectors. 
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LBE at industry level 

Tables 6.25a and 6.25b show the differences on LBE effects depending on the sectors new 

exporters belong to, although we use then two different aggregations.  

In Table 6.25a, we study the LBE effects using the sectoral aggregation, by technological 

level, previously explained. LBE is detected in all sectoral groups but at different times. 

Starters of Group 5 (with the highest technological level) show the highest LBE effects. 

Moreover, some negative effects are observed in firms of Groups 1 and 4.  

 

Table 6.25a: PSM-DID estimations of TFP according to sectoral groups 

 t / t-1  t+1 / t-1 t+2 / t-1 t+3 / t-1 t+4 / t-1 t+5 / t-1 t+6 / t-1 

Gr 1 
0.060* 

(0.311) 

0.031+ 

(0.047) 

0.035+ 

(0.065) 

0.013+ 

(0.061) 

-0.039+ 

(0.081) 

-0.092+ 

(0.131) 

-0.351* 

(0.188) 

Gr 2 
0.012+ 

(0.021) 

0.041+ 

(0.043) 

0.166** 

(0.071) 

0.098* 

(0.055) 

0.112+ 

(0.101) 

0.012+ 

(0.013) 

-0.291+ 

(0.212) 

Gr 3 
0.004+ 

(0.076) 

0.066* 

(0.034) 

0.032+ 

(0.046) 

0.026+ 

(0.054) 

0.052+ 

(0.071) 

0.156+ 

(0.131) 

0.049+ 

(0.311) 

Gr 4 
-0.069* 

(0.035) 

-0.026+ 

(0.037) 

0.004+ 

(0.051) 

0.017+ 

(0.063) 

0.098* 

(0.065) 

0.010+ 

(0.012) 

-0.121+ 

(0.142) 

Gr 5 
0.084* 

(0.056) 

0.038+ 

(0.059) 

0.126* 

(0.081) 

0.177* 

(0.080) 

0.056+ 

(0.075) 

0.019+ 

(0.101) 

0.001+ 

(0.382) 

Source: Own calculations. 
Notes: See Table 6.15. 
 

 

In Table 6.25b, we use two digit CAE sectoral aggregations. Given the narrowness of 

data for some sectors, conclusions are risky. Nevertheless, we notice that wearing apparel 

(CAE 18) and non-metallic products (CAE 26) show hints of negative effects on TFP from 

their new exporting activity. On the contrary, starters from leather, leather products (CAE 19) 

and electrical machinery (CAE 31) are the ones that present more obvious LBE positive 

effects. Some other sectors present only partial hints of LBE: textiles (CAE 18), wood (CAE 

20), fabricated metal products (CAE 28). Finally, for some sectors we do not obtain any 

evidence of LBE effects (e.g., machinery – CAE 29). However, bearing in mind the 

limitations of data for some sectoral groups several computations were not possible. 
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Table 6.25b: PSM-DID estimations of TFP according to CAE sectors 

 t / t-1  t+1 / t-1 t+2 / t-1 t+3 / t-1 t+4 / t-1 t+5 / t-1 t+6 / t-1 

CAE 15 
0.060* 

(0.33) 

0.031+ 

(0.047) 

0.035+ 

(0.065) 

0.013+ 

(0.061) 

-0.039+ 

(0.081) 

-0.092+ 

(0.131) 

-0.351* 

(0.188) 

CAE 17 
-0.016+ 

(0.031) 

-0.021+ 

(0.055) 

0.043+ 

(0.064) 

0.179* 

(0.102) 

0.086+ 

(0.142) 

-0.108+ 

(0.241) 
- 

CAE 18 
0.044+ 

(0.045) 

0.149+ 

(0.113) 

0.046+ 

(0.211) 

-0.188+ 

(0.312) 

-0.131* 

(0.104) 

- 

 
- 

CAE 19 
0.015 

(0.011) 

0.542* 

(0.292) 

0.095* 

(0.065) 
- - 

- 

 
- 

CAE 20 
-0.043+ 

(0.065) 

0.113* 

(0.059) 

-0.049+ 

(0.164) 

-0.053+ 

(0.173) 
- - - 

CAE 21 
0.089+ 

(0.196) 

-0.085+ 

(0.253) 

-0.241+ 

(0.356) 
- - 

- 

 
- 

CAE 22 
0.036+ 

(0.074) 

0.007+ 

(0.075) 

-0.018+ 

(0.132) 

0.082+ 

(0.188) 

-0.061+ 

(0.187) 
- - 

CAE 24 
-0.019+ 

(0.068) 

-0.029+ 

(0.091) 

0.012+ 

(0.014) 

-0.053+ 

(0.217) 

-0.022+ 

(0.039) 

- 

 
- 

CAE 25 
-0.014+ 

(0.091) 

-0.002+ 

(0.097) 

0.209+ 

(0.208) 

0.149+ 

(0.142) 
- 

- 

 
- 

CAE 26 
-0.122+ 

(0.122) 

-0.159* 

(0.093) 

0.018+ 

(0.093) 

-0.089+ 

(0.112) 

0.049+ 

(0.163) 

0.035+ 

(0.175) 
- 

CAE 27 
-0.059+ 

(0.079) 

-0.186+ 

(0.178) 

-0.003+ 

(0.267) 
- - 

- 

 
- 

CAE 28 
0.011+ 

(0.038) 

0.004+ 

(0.073) 

-0.079+ 

(0.088) 

-0.012+ 

(0.142) 

0.339* 

(0.242) 

0.094+ 

(0.231) 
- 

CAE 29 
0.028+ 

(0.043) 

-0.004+ 

(0.064) 

0.027+ 

(0.074) 

0.045+ 

(0.102) 

0.044+ 

(0.123) 

-0.141+ 

(0.195) 
 

CAE 31 
0.002+ 

(0.091) 

0.019+ 

(0.086) 

0.141* 

(0.092) 

0.137* 

(0.091) 
- 

- 

 
- 

CAE 34 
-0.067+ 

(0.087) 

-0.031+ 

(0.065) 

-0.091+ 

(0.121) 
  

 

 
 

CAE 36 
0.037+ 

(0.082) 

0.011* 

(0.061) 

0.023+ 

(0.187) 

-0.055+ 

(0.171) 

-0.094+ 

 
  

Source: Own calculations. 
Notes: See Table 6.15. 
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The link between LBE, foreign capital and R&D workforce 

Since firms that are affiliates or subsidiaries of multinational firms are in a certain sense 

already internationalized, it is not clear whether the LBE theory could be applied to such 

firms. Indeed, those firms can access internal knowledge information spillovers within the 

multinational group and probably have already benefited from the international experience 

and knowledge flows of their international investors. Thus, we expect to be less room for 

learning effects in starters that share capital with foreign multinationals. Moreover, according 

to Helpman et al. (2004), the most productive firms choose to engage in foreign direct 

investment and most probably share their technology and expertise with their affiliates or 

subsidiaries. 

Given that in our database there was a low percentage of starters that report to have 

foreign capital, we could not perform an appropriate PSM-DID for the sub-sample of such 

firms; thus, we decided to pool this group with the group composed by firms that report  

having workers assigned to R&D activities. Hence, we split our database of firms into two 

mutually exclusive groups: (i) a group of firms that, in the first year of exporting, report to 

have a share of foreign capital or a share of specialized workers; (ii) and a group of firms that 

do not report any of these two characteristics. Then, we applied the usual PSM-DID estimator 

to each group and checked for the matching quality. 

Results in Table 6.26 show that LBE effects, in starters with foreign capital or skilled 

workers, are limited to the year of entry and after that year are not significant. On the other 

hand, after the second year, firms domestically owned and without a specialized workforce 

seem to experience a persistent higher growth of efficiency compared with non-starters. These 

outcomes are in line with similar tests performed by Ma and Zhang (2008) for Chinese firms. 

 
Table 6.26.: ATT effects: PSM-DID estimations according to starters foreign capital or skilled 

labour 

 t / t-1  t+1 / t-1 t+2 / t-1 t+3 / t-1 t+4 / t-1 t+5 / t-1 t+6 / t-1 

Starter with Skill 
or Forcap  

0.174* 

(0.098) 

-0.044+ 

(0.065) 

-0.054+ 

(0.054) 

-0.033+ 

(0.087) 
- - - 

Starter without 
Skill or Forcap 

0.016+ 

(0.023) 

0.051* 

(0.036) 

0.082* 

(0.053) 

0.054+ 

(0.076) 

0.122* 

(0.087) 

0.146+ 

(0.187) 
- 

Source: Own calculations. 
Notes: See Table 6.15. Given the low numbers of starters with foreign capital or specialized employees it is 
not possible to compute ATT effects for years t+4, t+5 and t+6.. 

 
 



148 
 

The link between LBE and firms’ size 

We also tested the importance of size in explaining the LBE effects. Using the dummy 

covariate “small”, equal to one for firms with less than 50 workers and zero otherwise, we 

split our database of starters and of controls into the corresponding two mutually exclusive 

sub-groups. Then, we applied the usual PSM-DID estimator to each group and checked the 

quality of the matching. Results in Table 6.27 reveal that “big” firms have significant LBE 

effects which are in contrast with “small” firms that do not experience LBE. This could be the 

reflex of the fact that firms need a certain dimension in order to benefit from external learning 

– the so called absorptive capacity. 

 

Table 6.27.: ATT effects: PSM-DID of TFP estimations according to starters size 

 t / t-1  t+1 / t-1 t+2 / t-1 t+3 / t-1 t+4 / t-1 t+5 / t-1 t+6 / t-1 

Small Starter  
-0.038+ 

(0.030) 

-0.013+ 

(0.012) 

-0.011+ 

(0.0290) 

0.009+ 

(0.059) 

0.054+ 

(0.031) 

0.057+ 

(0.071) 

-0.058+ 

(0.052) 

Big Starter  
0.027+ 

(0.025) 

0.035* 

(0.021) 

0.077**  

(0.034) 

0.051* 

(0.031) 

0.062* 

(0.040) 

-0.019+ 

(0.058) 

0.009+ 

(0.091) 

Source: Own calculations. 
Notes: See Table 6.15. 

 
 
The link between LBE and export intensity of starters 

Following several studies (e.g., Castellani, 2002; Andersson and Löof, 2009), one can argue 

that starters are able to overcome the sunk costs of entering foreign markets when they 

achieve a certain threshold of export intensity. Moreover, if we assume that higher export 

intensity firms may have a higher degree of commitment to foreign operations and also a 

higher frequency of foreign sales, this would justify, for those firms, the existence of a more 

sophisticated structure and of a superior organisational capability. 

All these facts would explain the higher capacity for learning and the higher 

productivity growth for more intensive exporters. Besides, low export intensity firms may 

explain the existence of occasional exports, without a clear exporting strategy that limits the 

option to profit from a higher productivity growth. In a study for Singapore, Chongvilaivan 

(2008) also stated that LBE effectiveness depends more on the intensity of the exporting 

activities than on the simple exporting status. Only persistent and frequent exporters find the 

need and the opportunity for the transfer of technology and of administrative or organisational 
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knowledge. Fernandes and Isgut (2007) for Colombian firms also noticed that the LBE effects 

were negligible for firms that only participate marginally in foreign markets. 

In line with these studies, we tested the importance of export intensity - % of exports in 

turnover - in Portuguese new exporters. We split our sample of starters into three mutually 

exclusive groups: (i) starters with an export intensity inferior to 5%, in the starting year and in 

the next two following years; (ii) starters that reach an average export intensity higher than 

5% but always inferior to 35%, in that period; (iii) starters with an average export intensity 

higher than 35% in the three years span. We kept all controls for each group. 

Results in Table 6.28 seem to confirm the previous hypotheses.25 Starters with lower 

export intensity take more time to benefit from their exporting activity since positive and 

significant effects on their efficiency occur just four years after starting to export. In contrast, 

starters that have high export intensity take advantage of their internationalization faster, for a 

longer period and with a higher level. Finally, the results of the medium export intensity 

group suggest that the relationship between export intensity and LBE is not a linear one which 

is in line with Fryges and Wagner (2008). 

 

Table 6.28.: ATT effects: PSM-DID estimations of TFP according to starters export intensity in 

the first three years after exporting begins 

 t / t-1  t+1 / t-1 t+2 / t-1 t+3 / t-1 t+4 / t-1 t+5 / t-1 t+6 / t-1 

High export intensity 
0.016+ 

(0.041) 

0.064* 

(0.035) 

0.109* 

(0.062) 

-0.075+ 

(0.065) 

0.179* 

(0.231) 

0.111+ 

(0.121) 
 

Medium export intensity 
0.065+ 

(0.100) 

0.107+ 

(0.058) 

0.085+ 

(0.141) 

0.071+ 

(0.059) 

0.152+ 

(0.241) 

- 

 
 

Low export intensity 
0.031+ 

(0.046) 

0.040+ 

(0.040) 

0.060+ 

(0.06) 

0.056+ 

(0.053) 

0.114* 

(0.077) 

0.063+ 

(0.111) 
 

Source: Own calculations. 
Notes: See Table 6.15. Given the narrowness of each sub-sample it is not possible to compute ATT for the sixth year after 
export entry. 

 

The link between LBE and the initial TFP level  

In another strand of these studies, we could argue that starters with lower TFP levels are in a 

better position to benefit from the LBE effects. In order to test this idea, we split our database 

into two mutually exclusive groups of firms: (i) firms with a lower TFP, in the year before 

export entry; lower means inferior to the average level of all firms in the same year; (ii) firms 

                                                 
25 Given the fact that we do not control for export intensity after three years of entry the results for t+4 and t+5 
must be read with particular caution. 
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with a TFP, in the year before export entry, higher than the average level for all firms. Results 

in Table 6.29 show, on one hand,  that starters with lower TFP levels can benefit more rapidly 

from the LBE positive effects; on the other hand, starters with an initial superior TFP level 

benefit from LBE three years after starting to export but this positive effect lasts for two years. 

 

Table 6.29.: ATT effects: PSM-DID estimations of TFP according to TFP initial level 

 t / t-1  t+1 / t-1 t+2 / t-1 t+3 / t-1 t+4 / t-1 t+5 / t-1 t+6 / t-1 

High initial TFP level  
0.006+ 

(0.016) 

0.004+ 

(0.021) 

0.008+ 

(0.029) 

0.058* 

(0.023) 

0.077** 

(0.036) 

0.062+ 

(0.068) 

-0.067+ 

(0.092) 

Low initial TFP level  
0.012+ 

(0.017) 

0.047**  

(0.021) 

0.041* 

(0.028) 

0.055**  

(0.027) 

0.084* 

(0.040) 

0.051+ 

(0.042) 

0.001+ 

(0.023) 

Source: Own calculations. 
Notes: See Table 6.15. 

 

The link between LBE and the initial wage level  

Since wages may reflect the labour skill and firms’ technological capacity, we could speculate 

that starters with lower wages have a greater potential to benefit from the LBE effects because 

of the distance between their knowledge level and the corresponding level of their trader 

partners. Moreover, we could make the opposite assumption as lower wage firms more likely 

have lower absorptive capacity and then may not have the requirements for benefiting from 

LBE potential effects. To test these arguments we split our database into quartiles.  

 
Table 6.30.: ATT effects: PSM-DID estimations of TFP according to initial wage level 

 t / t-1  t+1 / t-1 t+2 / t-1 t+3 / t-1 t+4 / t-1 t+5 / t-1 t+6 / t-1 

25% of firms with the 

highest initial wage 

level  

0.074+ 

(0.055) 

0.047+ 

(0.059) 

0.099+ 

(0.088) 

0.047+ 

(0.111) 

0.045+ 

(0.145) 

0.049+ 

(0.421) 

-0.111+ 

(0.213) 

 

25% of firms with the 

lowest wage level 

0.035* 

(0.024) 

0.047* 

(0.027) 

0.099**  

(0.051) 

0.018+ 

(0.071) 

0.059+ 

(0.113) 

-0.064+ 

(0.071) 

-0.119+ 

(0.185) 

Source: Own calculations. 
Notes: See Table 6.15. 

 
Results in Table 6.30 show that starters with the lowest wage levels benefit immediately 

and during three consecutive years from positive LBE26 effects; on the other hand, starters 

with an initial higher wage level do not benefit from exporting activities. Thus, wage levels in 

                                                 
26 Following Table 10 analysis, we also uncover for firms of Group 2 that no significant effect is observed in the 
wage level for such starters until the fifth year; then a decrease is observed. 
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Portuguese starters seem to proxy correctly for firms´ technological level and may also mean 

that firms with low technological levels seem to learn when trading abroad, probably with 

more developed knowledge environments. 

 

The link between LBE and exports destinations 

In line with De Loecker (2007), we analysed LBE according to exports market destination. 

For that purpose, we split our database of starters into several groups, according to the 

countries they export to in their first two years of international sales: the year of entry and the 

following year,27 and then we computed ATT separately for each cohort. Our division into 

groups comprised the following cases: (i) firms that export only to the European Union (EU); 

(ii) firms that export only to Portuguese Language countries (PL); (iii) firms that export only 

to other Developed countries outside the EU (ODev); (iv) firms that export only to non-

developed countries (NDev); (v) firms that export only to EU+PL; (vi) firms that export only 

to EU+ODev; (vii) firms that export to more than one of the groups of countries mentioned 

before (Multiple). Moreover, bearing in mind the importance of Spain as our main trade 

partner, we were also able to study the LBE effects, in the first four years, for firms that only 

export to Spain. Moreover, since few observations existed for groups (v) and (vi), it was not 

possible to obtain estimates of ATT for those cases. 

 
Table 6.31.: ATT effects: PSM-DID (TFP) according to exports´ destinations 

 
 

t / t-1  t+1 / t-1 t+2 / t-1 t+3 / t-1 t+4 / t-1 t+5 / t-1 t+6 / t-1 

Firms that export to 
multiple destinations 

-0.022+ 
(0.035) 

0.053+ 
(0.051) 

0.021+ 
(0.071) 

0.117* 
(0.075) 

0.091+ 
(0.192) 

0.091+ 
(0.221) 

- 

Firms that export 
only to EU 

0.050* 
(0.031) 

0.152** 

(0.061) 
0.097* 
(0.061) 

0.122* 
(0.021) 

0.089+ 
(0.012) 

0.055+ 
(0.042) 

- 

Firms that export 
only to Spain 

0.003+ 
(0.012) 

0.032+ 

(0.030) 
-0.106+ 
(0.111) 

0.064+ 
(0.108) 

- - - 

Firms that export 
only to PL 

-0.022+ 
(0.059) 

0.079* 

(0.047) 
0.064+ 
(0.050) 

0.063+ 
(0.056) 

0.141** 

(0.067) 
0.116+ 
(0.099) 

0.098+ 
(0.261) 

Firms that export 
only to NDev 

-0.079+ 
(0.098) 

-0.025+ 
(0.171) 

-0.061+ 
(0.199) 

-0.074+ 
(0.089) 

0.007+ 
(0.081) 

-0.147+ 
(0.126) 

- 

Firms that export 
only to ODev 

-0.028+ 
(0.030) 

0.036+ 
(0.171) 

-0.111* 
(0.061) 

0.098* 
(0.061) 

0.188* 
(0.121) 

- - 

Source: Own calculations. 
Notes: see Table 6.15. 

 

                                                 
27 For some starters (about 20% of the total) it was not possible to identify the group of countries to which they 
had exported in that two years period; this situation was the result of two different factors: firms that did not 
present a constant pattern of export destinations along the two years and the mismatch between the two main 
datasets used. 



152 
 

Results in Table 6.31 present some important features: (i) for firms that export 

exclusively to non Developed markets we cannot confirm LBE effects; (ii) firms that export 

to the EU seem to obtain fast LBE; moreover, those effects last for 4 consecutive years; (iii) 

firms that export to PL seem to obtain positive LBE effects but not so consistently as for 

exports to EU; (iv) firms that export only to other Developed countries only obtain positive 

LBE effects from the third and fourth complete years after beginning to export; (v) for firms 

that export exclusively to Spain we cannot confirm the existence of positive LBE effects; (vi) 

firms that mix several types of destinations seem to get moderately positive LBE effects. Thus, 

we could argue that these results show clearly that LBE depends both on the teaching 

potential of the exports destination markets but also on the absorptive capacity of exporters to 

make suitable use of such benefits.28 

 

The link between LBE and the specific year of entry (economic cycle) 

Assuming the higher accuracy of estimates of LBE when performed for samples of firms that 

start to export in the same year and given that LBE effects may depend on the cycle of world 

trade and also on the economic cycle of the countries that buy Portuguese exports, we perform 

estimations of the ATT effects for TFP, splitting firms by their entry year in export markets. 

Results of Table 6.32 show that LBE is present for every cohort of starters whatever the 

year they initiate exports; nevertheless, we noticed distinct LBE “strengths” across years. 

Although comparisons are difficult given the different time spans involved in each cohort of 

starters, we can observe strong LBE effects for starters in 1999 relative to other years. In 

order to uncover such fact, we performed a non-exhaustive study on the relative performances 

of each year starters. The results of Appendix C, Table C.8 show clearly that 1999 starters 

achieved the highest levels in several factors that enhance LBE, namely: (i) import share; (ii) 

export intensity; (iii) weight of exports to EU and ODev countries; (iv) weight of firms of 

Group 5, the one with superior technological sophistication.  

 

 

 

 

 

 
                                                 
28 In this line it would be recommended a mixed study combining both export destination and firms´ level of 

initial TFP. Given the narrowness of our database such test was not possible. 
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Table 6.32.: ATT effects: PSM-DID for TFP according to the entry year of starters  

 t / t-1  t+1 / t-1 t+2 / t-1 t+3 / t-1 t+4 / t-1 t+5 / t-1 t+6 / t-1 

1997  -0.008+ 

(0.026) 

-0.015+ 

(0.035) 

0.061* 

(0.033) 

0.006+ 

(0.048) 

0.047+ 

(0.061) 

-0.041 

(0.069) 

-0.067+ 

(0.071) 

1998  -0.008+ 

(0.033) 

0.077**  

(0.047) 

0.012+ 

(0.051) 

0.047+ 

(0.064) 

0.046+ 

(0.061) 

0.094* 

(0.049) 

- 

 

1999 0.018+ 

(0.051) 

0.012+ 

(0.041) 

0.069* 

(0.047) 

0.107* 

(0.057) 

0.126* 

(0.081) 
- - 

2000 0.062+ 

(0.071) 

0.094* 

(0.052) 

0.051+ 

(0.071) 

0.061+ 

(0.053) 
- - - 

2001 -0.011+ 

(0.049) 

0.039+ 

(0.054) 

0.082* 

(0.056) 
- - - - 

2002 0.008 

(0.071) 

0.023 

(0.017) 
- - - - - 

Source: Own calculations. 
Notes: See Table 6.15. 

 
 

6.5. Concluding remarks 

In this study, for the first time for Portuguese firms, we analysed the causal relationship 

between international trade status and firm performance, for the period 1996-2003. Both self-

selection to exports and post-entry effects of exports are detected in Portuguese firms and thus, 

both contribute to explain the positive correlation between exports (and imports) involvement 

and firms´ productivity. 

Concerning the self-selection hypothesis we found that, for all the variables under 

analysis and despite the different time lags, future exporters display better performances and 

significant advantages with respect to firms that will not take up exporting later on. However, 

when looking at the growth rates of the relevant features, in the pre-entry period, we observed 

that starters and never exporters, in general, do not differ in terms of their dynamic path, with 

the exception of the scale of production and sales. We argue that this means that future 

exporters are “better” than never exporters even before the year we begin our analysis; 

moreover, we did not find any strong proof of a conscious self-selection action. In addition, 

our study also confirmed that self-selection of firms that begin exporting reveals significant 

heterogeneity according to the destination of their exports and also to their import status, 

before exporting. 
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Regarding the post-entry effects, the LBE thesis, we noticed that export starters 

present, relative to non-starters, a higher growth rate in some important variables, after 

exports begin. This conclusion is robust to the use of an FE model or a PSM-DID estimator. 

With regard to PSM-DID estimations we used several robustness checks: we tested the LBE 

effects using three different concepts of export starters and export controls, and in addition, 

we used complementary methodologies to assure that when pooling several cohorts of 

sectoral groups and years the quality of the PSM was not compromised. 

Looking at the results, we found that, overall, new exporters present (in comparison 

with non-starters) a higher growth rate on the majority of performance variables: efficiency, 

turnover, number of employees and capital intensity. Nevertheless, sales seem to be the only 

variable that presents immediate higher growth rate, while the others take some time to 

display that superiority: e.g., the growth rate of profits for starters only shows superiority four 

years after exports begin. Moreover, it seems that exports do not place Portuguese starters on 

a higher productivity path from the entry year but only after a two year period. Our analysis 

also confirms a strict linkage between export and import entry as the strongest LBE effects 

are obtained by firms that also start importing at the same time. 

The “heterogeneity” analysis allowed us to understand that the “treatment effects” are 

not homogeneous, but rather that they vary with respect to firms’ features (size, sector, future 

export intensity, foreign-capital share, specialized-workers share, initial wage level, initial 

productivity level, destination of exports and comparative-advantage level of exports). In fact, 

for the first time for Portuguese firms, we shed some light on the channels of LBE; in that 

respect, we noticed that new exporters in comparative disadvantage sectors benefit more from 

export participation, which could support the hypothesis that competition and technology 

spillovers, are significant channels through which exports may affect firm’s productivity. We 

also observed that LBE effects are not noticed for firms that export only to Non-Developed 

countries; it seems to exist a hierarchy of LBE effects as Portuguese firms move their exports 

to countries of high development levels or as they obtain superior export intensity. 

In future studies on this line of research, it would be important to clarify some issues. 

We highlight two of them: (i) in line with Fryges and Wagner (2008), that apply the 

generalised propensity score (GPS) methodology - which allows for continuous treatment of 

different export intensity - it would be interesting to test it for Portuguese firms and in that 

way to test if LBE is a linear relationship or not; (ii) by joining our data to data on innovative 

performance of firms, it would be possible to test the connections between LBE and firms´ 

innovation ability. A final question arises: is LBE the result of active learning that firms 
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perform accordingly to their learning capacities or does the very fact of being in international 

markets generate passive learning that always occurs in those competitive environments even 

if the firm does not have the ability to enhance it? Can we find merit on firms that achieve 

LBE? 
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A. APPENDIX TO CHAPTER 3 
 
 
Table A.1. Survey Questions in CIS 4 
 
 
1. Measures of Knowledge Outputs 

Variable name Question in CIS 4 
Product Innovation During the three year period 2002-2004, did your firm introduce any 

technologically new or significantly improved products (goods or services) 
which were new to your firm? 

Process Innovation During the three year period 2002-2004, did your firm introduce any 
technologically new or improved processes for producing or supplying products 
which were new to your firm? 

Novel Sales 
 

Please estimate how your turnover in 2004 was distributed between products 
(goods or services) introduced during the period 2002-2004 which were: New 
to your firm or to the market your firm belongs to + Significantly improved (% 
of total turnover) 

Innovation Protection 
 

During the period 2002-2004, did your firm apply for any patent, utility model 
or register any trademark or copyright? 

 
2. Measures of Knowledge Inputs 

Variable name Question in CIS 4 
Intramural R&D 
 

Please tick if there is expenditure in the category [of] Intramural research and 
experimental development (R&D); [and if so ticked], please estimate 
innovative expenditure in 2004, including personnel and related investment 
expenditures (no depreciation) 

Extramural R&D Please tick if there is expenditure in the category [of] Extramural research and 
experimental development (R&D); [and if so ticked], please estimate 
innovative expenditure in 2004, excluding machinery, software and other 
external knowledge 

Total Innovation expenses Please estimate innovative expenditure in 2004, in Intramural R&D, 
Extramural R&D and other non-R&D as machinery, software and other 
external knowledge. 

 
3. Measures of Knowledge Flows 

 
Variable name 

Question in CIS 4: Sources of Information for Innovation Activities. 
Please indicate the sources of knowledge or information used in your 
technological innovation activities, and their importance during the period 
2002-2004. 

Internal Information Self Within the firm or from Group. Other firms within the firm group 
Vertical Information  Suppliers of equipment, materials, components or software 

Clients or customers 
Information from competitors Competitors 
Commercial Information Private Consultants and R&D firms 
Free Information Professional conferences, meetings, trade associations fairs, exhibitions 
Information from Schools Universities and Polytechnic schools 
Information from Government Government research organizations and offices 
Source: OCES (2004) 
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Table A.2. Estimates of Knowledge Production Function for Sales Share of Novel Sales 

 

 (1) (2) (3) (4) (5) 

GM 
0.967 

(0.1440) 

0.962 
(0.1430) 

0.612 
(0.0151) 

0.955 
(0.1330) 

0.609 
(0.0153) 

EXP 
0.596 

(0.0930) 

0.586 
(0.0930) 

0.315 
(0.1000) 

0.586 
(0.0920) 

0.313 
(0.1000) 

IM 
-0.137+ 
(0.2790) 

-0.134+ 
(0.2790) 

-0.275+ 
(0.284) 

-0.133+ 
(0.281) 

-0.283+ 
(0.289) 

Intramural R&D (thousands €)  
0.00006+ 
(0.00005) 

0.00004+ 
(0.00003) 

  

Total Expenses in Innovation 
(thousands €)    

0.0002 
(0.00001) 

0.00009* 
(0.00001) 

Internal Info   
0.200 

(0.070) 
 

0.200 
(0.070) 

Clients Info   
0.086+ 
(0.061) 

 
0.080+ 
(0.061) 

Supply Info   
0.383 
(0.067) 

 
0.389 
(0.067) 

Private Consulting Info   
0.043+ 
(0.041) 

 
0.043+ 
(0.041) 

University & Polytechnic Info   
0.193 
(0.049) 

 
0.193 
(0.049) 

Government Info   
-0.042+ 
(0.0450) 

 
-0.048+ 
(0.0450) 

Conferences, Exhibitions Info   
0.074+ 
(0.059) 

 
0.074+ 
(0.059) 

Scientific Info   
0.139* 

(0.0570) 
 

0.185 
(0.0570) 

Professional Info   
-0.017+ 
(0.048) 

 
-0.017+ 
(0.048) 

Competitors Info   
0.240 
(0.049) 

 
0.246 
(0.049) 

Size 
-0.500+ 
(0.0599) 

-0.570 
(0.0600) 

-0.241 
(0.0610) 

- 0.0610+ 
(0.0603) 

-0.243 
(0.062) 

Public Support 
0.600 

(0.0660) 
0.580 

(0.0600) 
0.247 

(0.0770) 
0.571 

(0.0680) 
0.245 

(0.0770) 

Observations 4,815 4,815 4,815 4,815 4,815 

Source: Own calculations by using Fractional Logit, in line with Wagner (2008). 
Notes: see notes in Table 3.6. 
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Table A.3. Innovation Accounting for GM firms and Innovation - Product or Process 

 

 
 
 

Estimates 
of KPF 

 
 

(1) 

Actual differences 
between GM and 

DOM firms 
 

(2) 

 
 
 

(3) = (1) x (2) 

 
Share 

 
(4) = (3) : 0.250 

Estimated difference between GM and 
DOM firms 

  
 

  
0.250 

Intramural R&D Expenses (thousands €) 0.00001 163 – 23 = 140 0.00014 0.001 
Internal Information 0.287 0.88 – 0.53 = 0.35 0.10045 0.402 
Clients Information 0.100 0.98 – 0.59 = 0.39 0.039 0.156 
Suppliers Information 0.233 1.13 – 0.61 = 0.52 0.1212 0.485 
Private Consulting Information -0.011 0.90 – 0.38 = 0.52 - 0.0057 -0.023 
University and Polytechnic Information 0.066 0.73 – 0.29 = 0.44 0.029 0,116 
Government Information -0.004 0.66 – 0.25 = 0.41 -0.00164 -0.007 
Conferences and  Exhibition Information 0.066 1.26 – 0.61 = 0.55 0.0313 0.145 
Scientific Information 0.050 1.14 – 0.60 = 0.54 0.027 0.108 
Professional Information 0.018 1.14 – 0.55 = 0.59 0.0106 0.042 
Competitors Information 0.087 1.18 – 0.61 = 0.57 0.04959 0.198 
All knowledge information flows -  0.406 1.620 
GM nature - left unexplained by 
knowledge inputs and information flows 

 
0.188 

 
 

 
0.188 

 
0.752 

Total contributions    0.001 + 1.622 + 
0.752 = 2.375 

Note 1: This table combines the coefficient estimates of Table 8 with differences between the mean values of Tables 2, 3 and 
4 to calculate what explains the actual differences in Innovation – product or process between GM firms and purely domestic 
ones. In order to perform it we split the effects of Intramural R&D expenses, the effects of all Knowledge information flows 
and the effect of GM nature that was left unexplained by the previous factors. 
Note 2: The shares do not add up to 100% because the effects associated with control variables are not considered. 
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B. APPENDIX TO CHAPTER 5 
 
 
 
Table B.1. Sectoral Theil Index 
 

Sector Description Employment Sales Exports Imports Total Int. Trade 

15 Food & beverages 0.57 1.08 1.89 1.95 1.62 
16 Tobacco 0.43 1.07 1.23 1.26 1.16 
17 Textiles 0.59 0.73 1.32 1.27 1.17 
18 Wearing apparel 0.37 0.63 0.85 1.54 0.91 
19 Leather 0.70 0.74 1.20 1.64 1.41 
20 Wood 0.51 0.94 1.59 2.01 1.52 
21 Pulp, Paper 0.69 1.61 2.51 1.78 2.23 
22 Printing 0.51 0.89 1.89 1.57 1.14 
24 Chemicals 0.51 0.91 2.13 1.19 1.44 
25 Rubber, plastic 0.48 0.96 2.17 1.59 1.80 
26 Non-metalic mineral prod 0.58 1.36 1.62 2.19 1.60 
27 Basic metals 0.49 1.12 1.50 1.65 1.38 
28 Fabricated metal products 0.42 0.82 1.51 1.62 1.57 
29 Machinery 0.51 0.88 1.68 1.85 1.52 
30 Office machinery and computers 0.44 0.46 1.18 0.56 0.56 
31 Electrical machinery 1.56 1.36 2.16 1.51 1.87 
32 TV&Communication 0.87 1.27 1.64 1.69 1.59 
33 Medical and optical instruments 0.56 0.79 1.25 1.23 1.13 
34 Motor vehicles 1.01 2.13 2.85 2.25 2.45 
35 Other transport equipment 1.10 1.38 1.97 1.95 1.85 
36 Furniture 0.60 1.24 2.35 3.21 2.62 
37 Recycling 0.12 0.43 1.16 1.22 0.95 

Mean  0.70 1.45 2.10 2.13 2.28 
Source: Own calculations. 
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Table B.2. Between sectors concentration of exports and Trade participation rates 

 

Description Number of firms 
(% of each sector) 

Value of exports 
(%of each sector) 

Export 
intensity (%) 

Share of 
TWT (%) 

Share of 
NT (%) 

Food & beverages 10.1 6.1 25 42 31 
Tobacco 0.1 0.4 56 75 25 
Textiles 12.6 9.2 47 68 13 

Wearing apparel 9.6 5.8 63 73 9 
Leather 5.5 4.2 54 73 11 
Wood 5.1 4.9 42 45 29 

Pulp, Paper 1.9 6.8 25 61 12 
Printing 3.0 0.2 7 33 35 

Chemicals 4.7 5.6 27 68 14 
Rubber, plastic 4.1 4.4 34 72 11 

Non-metalic mineral prod 8.5 4.4 42 40 29 
Basic metals 2.2 1.7 31 69 20 

Fabricated metal products 7.2 4.1 29 45 32 
Machinery 8.3 4.9 36 44 31 

Office machinery, comput. 0.3 0.1 24 60 40 
Electrical machinery 2.9 7.6 38 76 15 
TV&Communication 1.3 9.3 42 82 9 
Medical, prec.,optical 1.3 0.6 41 69 9 

Motor vehicles 2.3 14.2 51 71 11 
Other transport equipment 1.8 1.9 45 59 18 

Furniture 6.3 3.5 25 49 28 
Recycling 1.0 0.1 39 53 13 

Total 100 100 36 56 22 

Source: Own calculations. 

 

Table B.3. Export intensive margin 

 

Year 1996 
Destination 

1996: Value of export 
per firm (103 euros) 

Year 2003 
Destination 

2003: Value of export per 
firm (103 euros) 

Liberia 10,916 Botswana 1,768 
Chad 1,664 Germany 1,278 

Germany 1,086 Singapore 1,000 
UK 770 Spain 979 

France 562 UK 927 
Spain 490 San Marino 918 

Singapore 381 France 813 
Italy 366 Belgium 629 

Netherlands 357 Italy 521 
Belgium and Lux, 337 USA 505 

Source: Own calculations. 
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Table B.4. Export growth (1996-2003) to the 10 most frequent destinations 

 

Country Overall growth Intensive growth 
(value exported per firm) 

Extensive growth 
(number of firms) 

Spain 159 98 31 
France 46 45 1 

Germany 2 18 -13 
UK 43 38 3 

USA 98 68 18 
Angola 113 8 98 

Netherlands 19 31 -9 
Italy 107 61 28 

Switzerland -6 -4 -1 
Belgium 68 87 -10 

Source: Own calculations. 
 
 
 
 
 

Table B.5. Toughest markets for exports (Difficult countries – DC) 

 

Congo, Equator, Syria, Vietnam, Serbia, Iran, Gabon, Pakistan, Qatar, Sri Lanka, Ghana, Guatemala, 

Guinea, Bermudas, Benin, Uruguay,  Mali, Libya, Kenya, El Salvador, Burkina Faso, Mauritania, 

Togo, Madagascar, Bangladesh, Nicaragua, Barbados, Oman, Bosnia, Sudan, Chad, Macedonia, 

Moldavia, Barbados, Liberia, Central African Republic, Kyrgyzstan, Haiti, Ethiopia, Honduras, 

Albania, Paraguay, Yemen, Azerbaijan, Uganda, Swaziland, Belarus, Kazakhstan, Niger, Botswana, 

Cambodia, Turkmenistan, Armenia, North Korea, Djibouti, Somalia, Uzbekistan, Rwanda, Samoa, 

Guam, Tonga, Malawi, Bhutan, Laos, Nepal, Iraq, Myanmar, Mongolia. 
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C. APPENDIX TO CHAPTER 6 
 

(Vector auto-regressions estimated by OLS and Granger-Causality tests based on F-Tests) 
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Table C.1. Granger Causality tests between ln TFP and Export Ratio  

H0: α1 = α2 = α3 = 0 F (3, 4056) = 0,92   Prob > F = 0,421 

H0: φ1 = φ2 = φ3 = 0 F (3, 4053) = 0,72   Prob > F = 0,542 

Note: Exp. Ratio = Exports / Turnover; we used 5 years lags. 

 

 

Table C.2. Percentual differential between the weight of each industrial sector in export 

starters and in all exporters (1997-2002) 

 

CAE 15 17 18 19 20 21 22 24 25 26 

Dif (p.p.) +3 -2 -3 -2 +3 0 +3 0 0 -1 

CAE 27 28 29 31 32 33 34 35 36 37 

Dif (p.p.) +2 +1 +2 +1 0 0 0 +1 0 0 

Source: Own calculations. 
 

 

Table C.3.  Number of repeated starters 

 

 Starter 1999 Starter 2000 Starter 2001 Starter 2002 

Starter 1997 9 6 8 10 

Starter 1998 - 6 2 9 

Starter 1999 - - 3 7 

Starter 2000 - - - 7 

Source: Own calculations. 
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Table C.4. Treated and controls using the more restrict concept: 
 
 
Starter is a firm that exports in year t but does not export in years: t-1, t-2 and t-3 
Control is a firm that does not export in years: t, t-1, t.2 and t-3 
 

 Assessing the matching quality - values at t-1 
 
Unmatched sample 
 
 

TFP Employees Capital Invest. Wages Pscore Skill Forcap Imports 

Treated 1.093 91.98 5.345 0.722 12.09 0.116 0.023 0.011 0.337 
Control 1.048 78.10 4.845 0.425 11.43 0.079 0.042 0.022 0.212 
T test 0.57 1.33 0.49 2.82 1.08 6.60 -0.86 -0.68 2.67 
 
Matched sample 
 
 

TFP Employees Capital Invest. Wages Pscore Skill Forcap Imports 

Treated 1.096 81.54 5.406 0.731 12.16 0.111 0.023 0.012 0.341 
Control 1.098 85.45 5.398 0.665 11.99 0.104 0.027 0.013 0.309 
T test -0.08 -0.31 0.01 0.34 0.20 0.66 -0.15 -0.09 0.45 
Source: Own calculations 
 
Assessing the matching quality – values at t-2 
 
Unmatched sample 
 
 

TFP Employees Capital Invest. Wages Pscore Skill Forcap Imports 

Treated 1.111 89.26 4.990 0.523 12.49 0.108 0.061 0.012 0.086 
Control 1.060 78.16 4.703 0.444 11.93 0.089 0.043 0.021 0.059 
T test 1.32 1.15 0.34 0.73 1.09 4.44 0.99 -0.71 1.41 
 
Matched sample 
 
 

TFP Employees Capital Invest. Wages Pscore Skill Forcap Imports 

Treated 1.111 89.26 4.990 0.523 12.46 0.108 0.061 0.010 0.086 
Control 1.059 82.14 4.991 0.491 12.29 0.102 0.050 0.009 0.09 
T test 0.53 0.45 0.00 0.43 0.15 0.80 0.35 0.01 -0.23 
Source: Own calculations 
 

 
Assessing the matching quality – values at t-3 
 
Unmatched sample 
 
 

TFP Employees Capital Invest. Wages Pscore Skill Forcap Imports 

Treated 1.037 76.11 4.56 0.452 12.45 0.102 0.061 0.010 0.058 
Control 0.986 79.43 4.50 0.433 12.00 0.091 0.039 0.023 0.052 
T test 0.76 -0.29 0.11 0.76 1.05 3.60 1.05 -0.70 0.17 
 
Matched sample 
 
 

TFP Employees Capital Invest. Wages Pscore Skill Forcap Imports 

Treated 1.037 76.11 4.56 0.452 12.46 0.102 0.061 0.013 0.058 
Control 1.011 77.79 4.56 0.444 12.32 0.097 0.051 0.012 0.055 
T test 0.29 -0.10 0.00 0.32 0.09 1.15 0.33 -0.17 0.06 
Source: Own calculations 
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Table C.5. Treated and controls using the intermediate concept: 
 
Starter is a firm that exports in year t but does not export in years t-1, t-2  
Control is a firm that does not export in years t, t-1, t-2. 
 

 Assessing the matching quality - values at t-1 
 
Unmatched sample 
 
 

TFP Employees Capital Invest. Wages Pscore Skill Forcap Imports 

Treated 1.011 86.74 4.89 0.475 10.86 0.149 0.057 0.354 0.314 
Control 1.000 73.83 4.35 0.406 10.97 0.119 0.422 0.236 0.198 
T test 0.80 2.08 0.87 0.97 -0.24 7.30 1.04 1.06 4.00 
 
Matched sample 
 
 

TFP Employees Capital Invest. Wages Pscore Skill Forcap Imports 

Treated 1.011 86.74 4.89 0.475 10.86 0.149 0.057 0.354 0.314 
Control 1.019 78.50 4.43 0.447 10.90 0.145 0.559 0.303 0.291 
T test -0.17 0.88 0.47 0.32 -0.10 0.99 0.07 0.30 0.53 
Source: Own calculations 
 
Assessing the matching quality - values at t-2 
 
Unmatched sample 
 
 

TFP Employees Capital Invest. Wages Pscore Skill Forcap Imports 

Treated 1.009 86.45 4.431 0.399 10.32 0.149 0.070 0.035 0.313 
Control 0.978 73.89 4.171 0.401 10.33 0.121 0.043 0.023 0.204 
T test 0.69 2.03 0.43 -0.03 -0.02 7.30 1.84 1.04 3.72 
 
Matched sample 
 
 

TFP Employees Capital Invest. Wages Pscore Skill Forcap Imports 

Treated 1.009 86.48 4.432 0.399 10.32 0.149 0.070 0.035 0.313 
Control 1.008 84.85 4.880 0.409 10.37 0.145 0.060 0.301 0.288 
T test 0.02 0.15 -0.35 -0.13 -0.13 0.99 0.45 0.26 0.57 
Source: Own calculations 

 
 

Table C.6. ATT effects: PSM-DID estimations; covariates at t-2 

 

 t / t-2 t+1 / t-2 t+2 / t-2 t+3 / t-2 t+4 / t-2 t+5 / t-2 t+6 / t-2 

TFP -0.004+ 0.012+ 0.037+ 0.047+ 0.105* 0.111* 0.065* 

LP -0.003+ 0.012+ 0.041+ 0.052+ 0.095* 0.103* 0.053* 

Sales 0.032* 0.042* 0.048+ 0.117**  0.125* 0.047+ 0.037+ 

ULC -0.008+ 0.003+ 0.009+ -0.047* -0.025+ 0.002+ 0.001+ 

CI 0.017+ 0.023+ -0.014+ 0.017+ 0.089* 0.012+ 0.010+ 

Number Treated 705 703 468 361 267 141 101 

Number Controls 2550 2547 1702 1185 798 481 203 

Source: Own calculations. 
Notes: See Table 6.15. 
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Table C.7. Relative specialization of Portuguese exports (1995-2004); 

Balassa Index for Portuguese industries (average for 1995-1999 and 2000-2004) 

 

Sector code Sector Description Balassa index Technological level 

15, 16 Food, beverages and Tobacco 1.0 Low 
17, 18, 19 Textiles, wearing apparel and leather 3.4 Low 

20, 21, 22, 36 Wood, pulp and paper; printing; furniture 2.2 Low 
24 Chemicals 0.5 Medium 
25 Rubber,  plastic 0.9 Medium 
26 Non-metalic mineral product 2.6 Medium 
27 Basic metals 0.3 Medium 
28 Fabricated metal products 1.1 Medium 
29 Machinery 1.3 Medium-High 
30 Office machinery and computers 0.3 High 
31 Electrical machinery 1.3 Medium-High 
32 TV and communication equipment 0.6 High 
33 Medical, precision and optical instruments 0.3 High 
34 Motor vehicles 1.3 Medium-High 
35 Other transport equipment 0.7 Medium-High 
37 Recycling 0.8 Low 

Source: Adapted from Amador et al. (2007). 

 
 

Table C.8. Comparative level of Starters in each year  

 

 Weight of 

firms of 

Group 5 

Export 

intensity 

Weight of 

EU and Dev 

export 

destination  

Import 

share 

Initial 

average 

TFP level 

Initial size 

(number of 

employees)  

1997 65 93 81 58 79 94 

1998 91 94 90 93 85 91 

1999 100 100 100 100 90 84 

2000 97 60 91 96 89 85 

2001 79 76 90 93 83 100 

2002 85 83 100 95 100 92 

Source: Own calculations 
Note: In each column, values in percentage relative to the year of highest performance (100) 

 

 


