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Introduction

Within globalization framework, it is increasingly urgent for manufacturing firms

to gain competitiveness in domestic and foreign markets. The pressure exerted by

internal but mainly by external competition has a direct influence that stimulates

firms to generate strategies that allow them to face rival firms in the short and

medium run, not only to expand their participation in the markets but also to

guarantee their long-term survival (Wagner, 2013). These strategies are diverse and

include the introduction of innovations, export activities of final goods, import of

intermediate goods, the inclusion of ICT in production processes, among others

(Johanson and Mattsson, 2015; Castellani and Zanfei, 2007).

Nevertheless, this phenomenon has not been homogeneous for firms in developed

and emerging countries since their characteristics differ significantly. In the case of

Latin America, the firms in the manufacturing sector are mostly SMEs (in Colom-

bia they represent 92% and in Latin America 98% of the total firms) and they are

characterized by the use of low-skilled labor; a low investment in technological in-

novation; limited access to international markets, high dependence on local markets

and difficult access to capital financing; among many others (Cortés et al., 2019).

This has implied that the implementation of the aforementioned strategies has been

slow and in some cases weak for the economies of this region. In the specific case

of Colombia, manufacturing firms before the new millennium had a discreet per-

formance in terms of innovations, exports, imports or adoption of ICT; but the

situation has changed in the new millennium after trade liberalization, because they

have gradually reached a certain degree of local and international competitiveness

that highlights them at regional level. Therefore, this fact encourages to study in

depth the impact of those internationalization strategies on Colombian manufactur-
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ing firms (Torres and Gilles, 2012; Morales and López, 2014).

In general, the recent performance of the Colombian and Latin America manufac-

turing industry is basically explained by two phenomena. On the one hand, by the

introduction of the import substitution industrialization model (ISI by its acronym

in Spanish), proposed by the Economic Commission for Latin America (CEPAL)

in the 1950-1990 period. On the other one, by the economic opening followed by

many countries in the region at the end of the nineties and the beginning of the new

millennium, which remains until today. Basically, the objective of ISI model was the

protection of local industry through the substitution of imports for locally produced

goods by developing basic and intermediate production sectors, to later develop

more advanced sectors. In Colombia, following i Sellens and i Requena (2006); the

ISI protectionist model brought some positive results for the national economy such

as GDP growth, per-capita income and export diversification, but failed to produce

capital goods as the industry specialized in the production of intermediates and con-

sumer goods, which resulted in a high dependence on local markets and low levels

of competitiveness in Colombian manufacturing firms (Noriega et al., 2013).

With the subsequent establishment of free trade agreements to try to solve the

problems of the ISI model, Colombian and Latin American manufacturing firms

had to insert into international markets to gain competitiveness in foreign mar-

kets and indirectly in local ones. Despite not being a general phenomenon, given

that of the total number of manufacturing firms only 25% are innovators, 27% are

exporters, 21% are importers and 24% buy or sell products online (electronic com-

merce); Colombian manufacturing firms are beginning to take strategic decisions

similar to those used by foreign firms, which include the introduction of innovations

in products and/or processes to increase productivity, the export of final goods, the

import of intermediate inputs and the investment in ICT, among others to guarantee

its survival in time (Noriega et al., 2013).

Nonetheless, most of the empirical studies that analyze these topics are car-

ried out for the manufacturing sectors in developed countries of Europe and North

America (Mañez et al., 2019; Hagsten and Kotnik, 2017; Raymond et al., 2015;

De Loecker, 2013; Kasahara and Lapham, 2013) among many others. In this sense,
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it is widely unknown how this whole process evolves in the firms of emerging coun-

tries, especially in those located in Latin America.1 For example, firms in emerging

countries generally do not develop new knowledge (innovations) inside, but rather

obtain it through purchasing capital goods (embodied technology) or by imitating,

adapting or copying it from foreign goods (Collins, 2015, 2017; Peñaloza, 2007).

This implies that such firms should not face the same sunk costs to enter or con-

tinue in international markets compared to firms in developed countries that invest

in the search and hiring of skilled labor or R&D laboratories. This phenomenon in

turn could generate links between intermediate goods imports and exports of final

goods (cross effects) in manufacturing of emerging economies, since the purchase of

technology incorporated in capital goods improves the output sold abroad not only

in quality, but also in costs and prices, what increase the firms’ performance in local

and foreign markets.

Further, there are other completely unexplored topics and as far as we know,

totally novel at least for emerging economies that we propose to analyse. First,

in the case of the innovation-productivity link, we propose as an additional expla-

nation given by LBE and LBI, a third new channel consisting in the interaction

between product and process innovations to explain the increase of firm’s produc-

tivity in the future. Second, we explore the dynamic relationship between export

and import activities of firms through direct and indirect channels, and in doing so

we also explore the role of sunk costs and demand/supply learning to explain the

persistence of internationalisation strategies. Third, we research for the possibility

of complementarity and/or substitutability of the aforementioned firm’s internation-

alisation strategies and its impacts on productivity to propose trade policy. Finally,

we explore the impact of ICT on firm’s export decision (propensity process) and

in the firm’s performance on international trade markets (intensity process). By

doing all this, we also search transversely other topics inherent to these issues such

as self-selection into innovative markets, self-selection into export/imports markets,

learning by innovations, learning by exporting/importing, the role of initial condi-
1Most of the few studies belong to larger economies such as Brazil, Argentina or Chile and refer

to the innovation strategy. See Kasahara and Rodrigue (2008); Cirera et al. (2015); Chudnovsky
et al. (2006), among others.
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tions problem and the depreciation pattern of export experience; facts which are

also pending to be investigated for emerging economies such as Colombia.

In this order of ideas, the objective of this doctoral dissertation is to analyze in

depth different topics on strategic decisions taken by Colombian manufacturing firms

in the new millennium to improve their performance on international markets. First,

we analyze the effects of process and product innovations on total factor productivity

growth (TFP). Second, we examine in depth the dynamic links between imports

of intermediates and exports of final goods. Third, we explore the possibility of

substitutability and/or complementarity of exports and imports when they impact

the firm’s productivity. Finally, we consider the contribution of ICT in firm’s export

activity. It is worth to mention that although the four essays included in this

dissertation are focused on the Colombian manufacturing industry, it is considered

that the conclusions and the implications of economic policy could be extended,

without loss of generality, to the vast majority of Latin American countries, since the

economic characteristics of the industrial sectors are very similar, and as established

above, they share the establishment of the ISI economic development model and the

markets’ trade liberalization in similar times.

There are at least four fundamental reasons why the Colombian manufacturing

industry case is worth studying. First, this country is the fourth largest economy in

the region surpassed only by Brazil, Argentina and Mexico; which has shown recent

growth rates above the regional average (5% vs. 3.1%). Second, the establishment

of the peace agreement with FARC guerrilla has brought a climate of confidence

in the local economy that has boosted foreign investment and domestic demand in

all sectors of the economy, including manufacturing. Third, the consolidation of

free trade agreements with the United States, the European Union and China that

has boosted the average exports and imports of the industrial sector by 6.8% and

5.8% respectively in the last two decades. And finally, the creation of the Ministry of

Information and Communications Technologies in 2010 as well as the creation of the

Ministry of Science, Technology and Innovation, whose main objective is to promote

the development of innovations and the massification of ICT in firms, respectively.

However, in addition to these there are two additional incentives: on the one hand,
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to fill the existing analytical gap in these topics for emerging countries, especially

for the Latin American case, and on the other hand, take advantage of the recent

free access to exhaustive micro data bases of the manufacturing industry that allows

a deeper analysis and comparable with others worldwide.

The manufacturing industry is one of the most important sectors in the economic

activity for this country in the new millennium since according to the official figures,

after the financial and services sectors, manufacturing occupies the third place with

an average participation near to 12.8% of Colombian GDP. Although most of the

firms are SMEs (91%) and are located in industries with low and medium techno-

logical intensity (Food and Beverages (18.0%); Textiles (14.8%); Chemicals (8.8%))

as is characteristic of emerging economies; this sector has become a key to boost

Colombian economic growth and development for several reasons: it has increased

the country’s import and export capacity; generates stable jobs; employs skilled and

unskilled labor; it has introduced new and better technologies to the productive pro-

cesses and, finally, it has generated productive improvements in other sectors of the

economy (Ramírez-Gutiérrez and Gómez-Sánchez, 2017). The figures indicate that

after the year 2000 (when the economic opening was implemented) about 50% of

total exports and 93.7% of total imports in Colombia have been made by this sector

(Mitchell, 2011). Employment has increased at an average rate of 1.4% and R&D

expenditures reach an average expansion of 7.23% in this period. Additionally, the

ICT has also been influenced by the performance of the industry since information

technologies allow buying and selling both internally and abroad without incurring

high transaction costs (Brynjolfsson and Hitt, 2003).

In what follows, we present a brief summary of the four chapters of this doctoral

dissertation, paying special attention to the objective and contributions of each.
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Essay 1: The link between innovation and productivity in a developing country:

the Colombian manufacturing industry.

The first essay of this doctoral dissertation is focused into investigate in depth

the relationship between innovation and productivity for the Colombian manufac-

turing. In doing so, we pay special attention to self-selection process (only the more

productive firms are capable to introduce innovations in the future), and also to

returns to innovations or learning by innovating (implementing process/product in-

novation has a positive reward in terms of productivity). As a novelty, we focus on

the dynamic linkages between process and product innovations as an alternative to

explain the firm’s productivity. To the best of our knowledge, this is a topic never

before analysed for emerging economies.

In the case of this country, the relation between innovation and productivity has

been explored only in one direction: the impact of innovations on firm productivity.

The available studies, Villarreal et al. (2014); Lambardi (2014); Eslava et al. (2013);

Crespi and Zuniga (2012); Gallego et al. (2013); Arbelaez and Torrado (2011) differ

in the period of analysis and in the manner they relate R&D and productivity. The

only study exploring both hypotheses for four Latin American countries (including

Colombia) is Demmel et al. (2013). Unfortunately, the results in this work are

inconclusive for this country, possibly due to the use of a short panel data.

Another important aspect that has not been studied in the link between innova-

tion and productivity, at least for emerging economies, is the dynamic relationship

between product and process innovation. In relation to this dynamic issue, it is

important to analyze: whether sunk costs related to innovation activities matter

to implementing future innovations; of whether past innovations of the firm raise

the probability of continuing to innovate in the future, i.e., if there is persistence in

innovation; and, whether today (product) process innovation boost (process) prod-

uct innovation in the future. All these questions are key for the productivity of

manufacturing firms.

To undertake these research tasks, we proceed in several steps. The first step in

our study is to estimate productivity using up-to-date methods. In particular, we
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calculate TFP using a modified version of Olley and Pakes (1992) and Levinsohn and

Petrin (2003). This extension was proposed by De Loecker (2013), and implies using

an endogenous Markov process, where past firms’ innovation choices are included

in the Markov process. This TFP would be estimated using the GMM framework

proposed by Wooldridge (2009). In a second step, we test using panel data discrete

choice model whether the most productive firms today are those firms implementing

innovations in the future, i.e., whether more productive firms self-select into the

implementation of innovations. Next, we study, using matching techniques, the

existence of possible returns to innovation. More specifically, we explore the life

span of the impact of innovations on firm’s productivity growth, to check if the

effects persist over time. Lastly, through a bivariate probit model we explore the

dynamic linkages between and product innovations.

We find evidence that the most productive firms self-select into implementing

process and/or product innovations in the future. We also find that the most inno-

vative firms (in product and/or process) increase their future productivity (returns

to innovation) but only in one period. Hence, there is evidence of self-selection but

we find weak evidence of learning by innovating in Colombian manufacturing. On

the other hand, we uncover that there is a strong link between product and process

innovation, since there are a high persistence and complementarity in both activities.

Finally, other results show that the most productive, larger and internationalised

firms increase the likelihood to introduce both process and product innovations.

We consider that if the processes of self-selection and learning by innovating

exist, they can be stronger and achieve greater impacts in the economy if the policy

on innovations is correct. In this sense, we recommend increasing the amount of

public resources to boost innovations, reinforce the system of patent protection and

offer credit facilities in private banking, especially to SMEs in order to allow them

to acquire new and better technologies. This will improve their productivity and

competitiveness in national and international markets. And equally important, to

convince small entrepreneurs of the advantages of introducing innovations in the

productive processes for the future performance of the firm.
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Essay 2: Imports and exports in Colombian manufacturing.

The aim of this essay is to contribute to the analysis of the dynamic linkages

between firms’ imports of intermediate inputs and export decisions. Using as starting

point Timoshenko (2015) model of export participation (which allows to separately

quantify the role of sunk costs and demand learning on the firm’s likelihood of

exporting), we propose the estimation of a dynamic bivariate probit model which

will allow us analysing the dynamic interactions between both trading activities

and the role of sunk costs and learning (demand learning in the case of exports and

import supply learning in the case of imports). As far as we know, this study is first

empirical evidence of this topic at least for an emerging economy such as Colombia.

In our analysis, following Máñez Castillejo et al. (2020) and Máñez et al. (2020),

we explore the possible direct and indirect links between firms’ exporting and im-

porting of intermediates strategies and firms’ likelihood of importing intermediates

and exporting. We understand as indirect effects of importing (exporting) those that

firms accrue to the likelihood of exporting and/or importing through their potential

productivity enhancing effects. We understand as direct effects of importing and ex-

porting, those that may be attributed to importing and exporting strategies once we

have controlled for indirect effects through enhanced productivity. It is relevant to

remark here, that we will consider not only how past export experience may have a

direct/indirect effect on the likelihood of exporting itself (we will name them within

exporting direct/within exporting indirect effects) but also possible direct/indirect

effects of past export experience on the likelihood of importing (we will name them

cross direct/indirect effects of exporting). Analogously, we will also consider within

importing effects and cross effects of importing distinguishing between direct and

indirect effects.

Empirical modeling includes several steps. As in essay 1, first we deal with en-

dogeneity problem in the calculus of firm’s productivity including the exporting and

importing experience in the Markov process motion law under De Loecker (2010)

approach and Wooldridge (2009) estimation procedure. Next, to motivate the link-

age imports-exports we use Kaplan-Meier survival functions, a probit model and
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continuous time proportional hazard functions. Lastly, we use a bivariate probit

model to capture the firm’s dynamic joint decision to importing and/or exporting

and a panel data model to show the impact of past productivity on current export

and import activities. The data used in this essay are drawn from two databases.

The Annual Manufacturing Survey (EAM) and the Technological Development and

Innovation Survey (EDIT), published by the Colombian National Administrative

Department of Statistics (DANE) in the period 2007-2016. After merging ten EAM

waves with five EDIT waves, we end up with an unbalanced panel data of ten years

(2007-2016) with 49,331 observations.

Our estimation results confirm both the direct and indirect links between export-

ing and importing. Past exporting (importing intermediates) has a positive direct

impact on the current likelihood of importing (exporting). Further, experience in

both trading activities contributes to enhance productivity (this is evidence support-

ing LBI and LBE), and current productivity has a positive impact on the likelihood

of both exporting and importing. Therefore, as stated above, we find evidence not

only of direct effects of exporting (importing) experience on importing intermedi-

ates (exporting) decisions but also evidence on indirect effects through increased

productivity.

These results turn out to be highly relevant in the design of economic policies

for an emerging country such as Colombia. First, facing the evidence that both ex-

porting and importing intermediates contribute to increase productivity, economic

policies should be addressed to ease firms’ export participation and avoid protec-

tionist measures that difficult the imports of intermediate materials. Very likely, a

country like Colombia will profit from the imports of high quality intermediate ma-

terials that incorporate foreign technology. Further, our results show that importing

intermediates fosters export participation and therefore is a crucial element in firms’

competitiveness.
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Essay 3: On the substitutability and/or complementarity among firm’s interna-

tionalisation strategies.

The third essay is a note on the essay 2. The motivation lies in the fact that

the firms’ performance and the extent of internationalisation strategies (exports and

imports) have been studied from various perspectives: self-selection (SS), learning by

exporting (LBE) and learning by importing (LBI); and we found that exporting and

importing have a positive impact on firm’s productivity. Within this literature that

studies how importing and exporting boost firm’s productivity, and how performing

one of these activities foster the other one, we consider that it might of interest

to research the potential complementarity/substitutability between them in order

to design economic policies. In other words, there is an established relationship

between imports-exports and between these activities and productivity. However, it

is interesting analyzing the complementary or substitutability effect of these trade

activities on productivity.

In particular, limited availability of resources to start importing (exporting) when

the firm is already exporting (importing) or the need of withdrawing resources from

exporting (importing) to start importing (exporting) may be quite common among

SMEs operating in emerging countries. SMEs in emerging countries are very likely

to be short of internal resources and face difficulties to access to external financing.

Thus, in our analysis for Colombia we will not be surprised if we find a relationship

of substitutability between exports and imports. To the best of our knowledge, this

would be the first empirical evidence of this topic at least for an emerging economy.

In order to test for complementarity/substitutability, we proceed in two steps.

First, we estimate the parameters of a Cobb-Douglas production function, where

as before, we endogenize in the law of motion of productivity the internationalisa-

tion strategies on productivity, and use the GMM method proposed by Wooldridge

(2009) to estimate TFP. After that, we construct the test for complementarity or

substitutability between imports and exports on productivity, following Carree et al.

(2011) and Higón et al. (2018). This test uses the set of parameters introduced in

the law of motion of productivity to characterize firms’ past strategies. Specifically,
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the impact of combine exports and imports strategies in only one must generate a

larger influence on TFP than do they by separate. Conversely, in the case of sub-

stitutability the null hypothesis postulates that the impacts of export and import

strategies by separate have larger impacts than combining them. To deepen our

analysis, we break down by technological intensities sectors.

As before, we use again the Annual Manufacturing Survey (EAM) and the Tech-

nological Development and Innovation Survey (EDIT) supported by DANE. Firms

with missing data on key variables are removed from the sample, as well as some

outliers. After merging ten EAM waves with five EDIT waves, we end up with

an unbalanced panel data of ten years (2007-2016) with 71,825 observations corre-

sponding 10,863 firms.

As a first result, in the full sample we find significant, positive and greater effects

on the productivity for all strategies compared to firms that do not perform any of

them. The importing and exporting at the same time generate a greater impact on

productivity (11.4%) that doing these activities by separated (6.4% for exports and

5.9% for imports). Break down by technological intensities, the only sector that

does not follow this pattern is the low-tech industries, where the import strategy

generates the greatest effect (6.3%). As a second result, in the full sample case, we

found significant evidence of substitutability. In the case of technological intensity

breakdown, the pattern is exactly the same excepting in med-high-tech industries.

Thus, there is evidence of substitutability and complementarity between imports

and exports depending on the technological sector analysed.

These outcomes point to the need of designing specific trade policies for firms

operating in different technological sectors. Thus, for SMEs, that operate mostly in

low and med-low-tech industries, they should follow one of the internationalisation

strategies (either exporting or importing) as the need to face sunk costs prevents

them to perform both activities. For large firms, generally operating in med-high

tech sectors, the policy should be oriented to help them to perform both activities,

as probably they might also afford the sunk costs in both of them.
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Essay 4: The impact of ICT on exporting activities for a developing country:

firm-level evidence from Colombia.

The aim of this chapter is to study the influence of ICT on firms’ export activities

using micro-level data for the Colombian manufacturing industry. In doing so,

we pay special attention to the firm’s export decision (propensity) and to their

performance on international trade markets (intensity). We contribute to the scarce

empirical literature mostly in Latin America by exploring this linkage and including

some novelties as the cross effect of imports on exports, the role of initial conditions

problem and the depreciation of export experience.

The advantages related to invest and use ICT for firms are diverse: ICT reduce

transaction costs (such as costs of information or transport), improve firms’ admin-

istrative management, boost of economies of scale, increase business opportunities,

expand market reach and foster innovations, (Barba-Sánchez et al., 2007; Grazzi

et al., 2016). In other words, ICT have a strong impact on firm’s competitiveness

in local and international markets and fosters its growth (Jorgenson et al., 2000).

The relationship of ICT and exporting, might be explained by two channels. A di-

rect one, that suggests that firms use basic ICT to establish business relations with

their customers. The indirect channel operates through the link between exports

and imports. That is, if firms for their importing activity use ICT to find suppli-

ers, contact them, share information or buy abroad, this previous experience might

facilitate following similar steps for subsequent exporting activities.

To capture the impacts of ICT on export activity, we estimate a random effects

probit model to study the effect of ICT on the propensity to export and a Gener-

alized Linear Model (GLM) for the export intensity process. Due to the statistical

insignificance of the inverse Mills ratio in a Tobit II-Heckman framework, we conceive

propensity and intensity processes by separated. The data are obtained by merg-

ing three data bases. The Annual Manufacturing Survey (EAM), the Technological

Development and Innovation Survey (EDIT), and the Annual ICT Manufacturing

Survey (EAM-TIC), published by DANE and cover four waves, from 2013 to 2016.

After merging these data bases, we obtain an unbalanced panel data of four years
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(2013-2016) with 30,381 observations corresponding to 10,094 firms.

Our main findings indicate that in the decision to export (the propensity equa-

tion) all the ICT considered have a positive and significant impact on that decision.

In the export intensity case only some ICT (electronic devices, optical fiber and in-

tra/extra net) have a significant an positive impact. When we breakdown the sample

by size and technology intensity sectors, we find that the pattern for SMEs and for

firms operating in low-tech sectors is very similar to that of the pooled sample, as

most of the firms in the industrial manufacturing are SMEs operating in low-tech

sectors. Besides, there is also strong evidence that firms deal with sunk costs when

decide to enter in international markets, since there is self-selection into exports

activities. Finally, we also find that import and exports activities are related, as im-

porting fosters exporting; and the inclusion of export depreciation experience shows

that the cost of restarting to export increases with the number of years without

exporting.

Despite these favorable results, the Colombian manufacturing are focused in ba-

sic ICT (electronic devices and internet). The more advanced ones that involve using

online commercial transactions, have a lower rate of participation in the industry.

And those ICT used for the development of strategic planning and business intelli-

gence, are practically non-existent. Unfortunately for Colombia, the last two levels

are those that seem to play a fundamental role in the internationalisation of firms.

Therefore, the government must support the development of the digital economy,

designing a regulatory framework accompanied by policies that help the adoption of

these new technologies to support innovation in firms, especially among SMEs that

represent the majority of the industry.
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Introducción

Dentro del marco de la globalización, se hace cada vez más urgente que las empresas

manufactureras ganen competitividad en los mercados nacionales y extranjeros. La

presión ejercida por la competencia interna pero principalmente por la externa tiene

una influencia directa que estimula a las empresas a generar estrategias que les per-

mitan enfrentar a las empresas rivales en el corto y mediano plazo, no solo para am-

pliar su participación en los mercados sino también para garantizar su supervivencia

a largo plazo (Wagner, 2013). Estas estrategias son diversas e incluyen la introduc-

ción de innovaciones, actividades de exportación de bienes finales, importación de

bienes intermedios, la inclusión de las TIC en los procesos de producción, entre otras

(Johanson and Mattsson, 2015; Castellani and Zanfei, 2007).

Sin embargo, este fenómeno no ha sido homogéneo entre las empresas de los

países desarrollados y emergentes, ya que sus características difieren significativa-

mente. En el caso de América Latina, las empresas del sector manufacturero son

en su mayoría PyME (en Colombia representan el 92 % y en América Latina el 98

% del total de empresas) y se caracterizan por el uso de mano de obra poco califi-

cada; una baja inversión en innovación tecnológica; acceso limitado a los mercados

internacionales, alta dependencia de los mercados locales y difícil acceso al finan-

ciamiento de capital; entre muchos otros (Cortés et al., 2019). Esto ha implicado que

la implementación de las estrategias antes mencionadas haya sido lenta y en algunos

casos débil para las economías de esta región. En el caso específico de Colombia, las

empresas manufactureras antes del nuevo milenio tuvieron un desempeño discreto

en términos de innovaciones, exportaciones, importaciones o adopción de TICs; pero

la situación ha cambiado en el nuevo milenio después de la liberalización del com-

ercio, porque paulatinamente han alcanzado cierto grado de competitividad local
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e internacional que los destaca a nivel regional. Por lo tanto, este hecho alienta a

estudiar en profundidad el impacto de esas estrategias de internacionalización en las

empresas manufactureras colombianas (Torres and Gilles, 2012; Morales and López,

2014).

En general, el desempeño reciente de la industria manufacturera colombiana y

latinoamericana se explica básicamente por dos fenómenos. De un lado, por la in-

troducción del modelo de industrialización por sustitución de importaciones (ISI),

propuesto por la Comisión Económica para América Latina (CEPAL) en el período

1950-1990. Por otro lado, la apertura económica seguida por muchos países de la

región a fines de los noventa y principios del nuevo milenio, que permanece hasta

hoy. Básicamente, el objetivo del modelo ISI era la protección de la industria local

mediante la sustitución de importaciones de bienes producidos localmente mediante

el desarrollo de sectores de producción básicos e intermedios, para posteriormente

desarrollar sectores más avanzados. En Colombia, de acuerdo a i Sellens and i Re-

quena (2006); el modelo proteccionista ISI trajo algunos resultados positivos para

la economía nacional, como el crecimiento del PIB, el ingreso per cápita y la diver-

sificación de las exportaciones, pero no logró producir bienes de capital ya que la

industria se especializó en la producción de productos intermedios y de consumo,

lo que resultó en una alta dependencia sobre mercados locales y bajos niveles de

competitividad en las empresas manufactureras colombianas (Noriega et al., 2013).

Con el posterior establecimiento de acuerdos de libre comercio para tratar de

resolver los problemas del modelo ISI, las empresas manufactureras colombianas y

latinoamericanas tuvieron que insertarse en los mercados internacionales para ganar

competitividad en los mercados extranjeros e indirectamente en los locales. A pesar

de no ser un fenómeno general, dado que del número total de empresas manufactur-

eras, solo el 25% son innovadoras, el 27% son exportadoras, el 21% son importadoras

y el 24 % compran o venden productos en línea (comercio electrónico); las empre-

sas manufactureras colombianas están comenzando a tomar decisiones estratégicas

similares a las utilizadas por las empresas extranjeras, que incluyen la introducción

de innovaciones en productos y/o procesos para aumentar la productividad, la ex-

portación de bienes finales, la importación de insumos intermedios y la inversión
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en TICs, entre otros para garantizar su supervivencia en el tiempo (Noriega et al.,

2013).

Sin embargo, la mayoría de los estudios empíricos que analizan estos temas se

llevan a cabo para los sectores manufactureros en los países desarrollados de Europa

y América del Norte (Mañez et al., 2019; Hagsten and Kotnik, 2017; Raymond

et al., 2015; De Loecker, 2013; Kasahara and Lapham, 2013) entre muchos otros.

En este sentido, se desconoce ampliamente cómo evoluciona todo este proceso en las

empresas de los países emergentes, especialmente en aquellas ubicadas en América

Latina. La mayoría de los pocos estudios pertenecen a economías más grandes como

Brasil, Argentina o Chile y se refieren a la estrategia de innovación. Ver Kasahara

and Rodrigue (2008); Cirera et al. (2015); Chudnovsky et al. (2006), entre otros.

Por ejemplo, las empresas en los países emergentes generalmente no desarrollan

nuevos conocimientos (innovaciones) en su interior, sino que los obtienen mediante

la compra de bienes de capital (tecnología incorporada) o al imitarlos, adaptarlos o

copiarlos del bienes extranjeros (Collins, 2015, 2017; Peñaloza, 2007). Esto implica

que tales empresas no deberían enfrentar los mismos costos hundidos para ingresar

o continuar en los mercados internacionales en comparación con las empresas de los

países desarrollados que invierten en la búsqueda y contratación de mano de obra

calificada o laboratorios de investigación y desarrollo. Este fenómeno a su vez podría

generar vínculos entre las importaciones de bienes intermedios y las exportaciones de

bienes finales (efectos cruzados) en la manufactura de las economías emergentes, ya

que la compra de tecnología incorporada en bienes de capital mejora la producción

vendida en el extranjero no solo en calidad, sino también en costos y precios, lo que

aumenta el desempeño de las empresas en los mercados locales y extranjeros.

Además, hay otros temas completamente inexplorados y, hasta donde sabemos,

totalmente novedosos al menos para las economías emergentes que proponemos

analizar. Primero, en el caso del vínculo innovación-productividad, proponemos

como explicación adicional dada por el aprendizaje por exportaciones (APE) y el

aprendizaje por importaciones (API), un tercer canal nuevo que consiste en la in-

teracción entre innovaciones de productos y procesos para explicar el aumento de la

productividad de la empresa en el futuro. En segundo lugar, exploramos la relación
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dinámica entre las actividades de exportación e importación de las empresas a través

de canales directos e indirectos, y al hacerlo también exploramos el papel de los cos-

tos hundidos y el aprendizaje de la demanda/oferta para explicar la persistencia de

las estrategias de internacionalización. En tercer lugar, investigamos la posibilidad

de complementariedad y/o sustituibilidad de las estrategias de internacionalización

de la empresa antes mencionadas y sus impactos en la productividad para proponer

políticas comerciales. Finalmente, exploramos el impacto de las TIC en la decisión de

exportación de la empresa (proceso de propensión) y en el desempeño de la empresa

en los mercados internacionales (proceso de intensidad). Al hacer todo esto, tam-

bién buscamos transversalmente otros temas inherentes, como la autoselección en

mercados innovadores, la autoselección en mercados de exportación/importación, el

aprendizaje por innovaciones, el aprendizaje por exportación/importación, el papel

del problema de las condiciones iniciales y el patrón de depreciación de la experi-

encia de exportación; hechos que también están pendientes de investigación para

economías emergentes como Colombia.

En este orden de ideas, el objetivo de esta disertación doctoral es analizar en

profundidad diferentes temas sobre decisiones estratégicas tomadas por las empre-

sas manufactureras colombianas en el nuevo milenio para mejorar su desempeño en

los mercados internacionales. Primero, analizamos los efectos de las innovaciones

de procesos y productos en el crecimiento total de la productividad de los fac-

tores (PTF). En segundo lugar, examinamos en profundidad los vínculos dinámicos

entre las importaciones de productos intermedios y las exportaciones de bienes fi-

nales. Tercero, exploramos la posibilidad de sustituibilidad y/o complementariedad

de exportaciones e importaciones cuando impactan la productividad de la empresa.

Finalmente, consideramos la contribución de las TIC en la actividad exportadora de

la empresa. Vale la pena mencionar que, aunque los cuatro ensayos incluidos en esta

disertación se centran en la industria manufacturera colombiana, se considera que

las conclusiones y las implicaciones de la política económica podrían extenderse, sin

pérdida de generalidad, a la gran mayoría de los paises latinoamericanos, dado que

las características económicas de los sectores industriales son muy similares y, como

se estableció anteriormente, comparten el establecimiento del modelo de desarrollo
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económico ISI y la liberalización comercial de los mercados en años similares.

Hay al menos cuatro razones fundamentales por las que vale la pena estudiar

el caso de la industria manufacturera colombiana. Primero, este país es la cuarta

economía más grande de la región solo superada por Brasil, Argentina y México; la

cual ha mostrado tasas de crecimiento recientes por encima del promedio regional

(5% vs. 3.1%). En segundo lugar, el establecimiento del acuerdo de paz con la

guerrilla de las FARC ha generado un clima de confianza en la economía local que

ha impulsado la inversión extranjera y la demanda interna en todos los sectores

de la economía, incluida la manufactura. En tercer lugar, la consolidación de los

acuerdos de libre comercio con Estados Unidos, la Unión Europea y China que

ha impulsado las exportaciones e importaciones promedio del sector industrial en

un 6.8% y 5.8% respectivamente en las últimas dos décadas. Y, por último, la

creación del Ministerio de Tecnologías de la Información y las Comunicaciones en

2010, así como la creación del Ministerio de Ciencia, Tecnología e Innovación, cuyo

objetivo principal es promover el desarrollo de innovaciones y la masificación de

las TIC en las empresas, respectivamente. Sin embargo, además de estos, hay dos

incentivos adicionales: por un lado, llenar el vacío analítico existente en estos temas

para los países emergentes, especialmente para el caso latinoamericano, y por otro

lado, aprovechar el reciente acceso gratuito a exhaustivas bases de microdatos de la

industria manufacturera que permiten un análisis más profundo y comparable con

otros en el mundo.

La industria manufacturera es uno de los sectores más importantes en la activi-

dad económica de este país en el nuevo milenio, ya que según las cifras oficiales,

después de los sectores financiero y de servicios, la industria manufacturera ocupa

el tercer lugar con una participación promedio cercana al 12.8% de PIB colombiano.

Aunque la mayoría de las empresas son PyME (92%) y están ubicadas en indus-

trias de baja y media intensidad tecnológica (Alimentos y bebidas (18.0%); Textiles

(14.8%); Químicos (8.8%)) como es característico de economías emergentes; este

sector se ha convertido en clave para impulsar el crecimiento económico y el desar-

rollo de Colombia por varias razones: ha aumentado la capacidad de importación y

exportación del país; genera empleos estables; emplea mano de obra calificada y no
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calificada; ha introducido nuevas y mejores tecnologías en los procesos productivos

y, finalmente, ha generado mejoras productivas en otros sectores de la economía

(Ramírez-Gutiérrez and Gómez-Sánchez, 2017). Las cifras indican que después del

año 2000 (cuando se implementó la apertura económica) aproximadamente este 50%

de las exportaciones totales y el 93.7% de las importaciones totales en Colombia

fueron realizadas por este sector (Mitchell, 2011). El empleo ha aumentado a una

tasa promedio de 1.4% y los gastos de I+D alcanzan una expansión promedio de

7.23% en este período. Además, las TIC también han sido influenciadas por el de-

sempeño de la industria ya que las tecnologías de la información permiten comprar

y vender tanto internamente como en el extranjero sin incurrir en altos costos de

transacción (Brynjolfsson and Hitt, 2003).

A continuación, presentamos un breve resumen de los cuatro capítulos de esta

tesis doctoral, prestando especial atención al objetivo y las contribuciones en cada

uno de ellos.

Ensayo 1: El vínculo entre innovación y productividad en un país en desarrollo:

la industria manufacturera colombiana.

El primer ensayo de esta disertación doctoral se centra en investigar en profun-

didad la relación entre innovación y productividad para la industria manufacturera

colombiana. Al hacerlo, prestamos especial atención al proceso de autoselección (solo

las empresas más productivas son capaces de introducir innovaciones en el futuro),

y también a los retornos a las innovaciones o al aprendizaje mediante la innovación

(solo las empresas innovadoras pueden aumentar la productividad futura). Como

novedad, nos centramos en los vínculos dinámicos entre las innovaciones de proce-

sos y productos como una alternativa para explicar la productividad de la empresa.

Hasta donde sabemos, este es un tema nunca antes analizado para las economías

emergentes.

En el caso de este país, la relación entre innovación y productividad se ha explo-

rado solo en una dirección: el impacto de las innovaciones en la productividad de la
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empresa. Los estudios disponibles, Villarreal et al. (2014); Lambardi (2014); Eslava

et al. (2013); Crespi and Zuniga (2012); Gallego et al. (2013); Arbelaez and Tor-

rado (2011) difieren en el período de análisis y en la forma en que relacionan I+D y

productividad. El único estudio que explora ambas hipótesis para cuatro países lati-

noamericanos (incluida Colombia) es Demmel et al. (2013). Desafortunadamente,

los resultados en este trabajo no son concluyentes para este país, posiblemente de-

bido al uso de un panel de datos cortos.

Otro aspecto importante que no se ha estudiado en el vínculo entre innovación y

productividad, al menos para las economías emergentes, es la relación dinámica entre

la innovación de productos y procesos. En relación con este tema, es importante

analizar si los costos hundidos relacionados con las actividades de innovación son

importantes para implementar innovaciones futuras; de otro aldo si las innovaciones

pasadas de la empresa aumentan la probabilidad de continuar innovando en el futuro,

es decir, si persiste la innovación; y además, si la innovación actual en proceso

(producto) impulsa la innovación de producto (proceso) en el futuro. Todas estas

preguntas son clave para la productividad de las empresas manufactureras.

Para llevar a cabo estas tareas de investigación, procedemos en varios pasos. El

primero en nuestro estudio es estimar la productividad utilizando métodos actu-

alizados. En particular, calculamos TFP usando una versión modificada de Olley

and Pakes (1992) y Levinsohn and Petrin (2003). Esta extensión fue propuesta

por De Loecker (2013) e implica el uso de un proceso endógeno de Markov, donde

las opciones de innovación de las empresas anteriores se incluyen en el proceso de

Markov. Esta PTF se estima utilizando el marco GMM propuesto por Wooldridge

(2009). En un segundo paso, probamos utilizando el modelo de elección discreta

con datos panel si las empresas más productivas de la actualidad son aquellas que

implementarán innovaciones en el futuro, es decir, si las empresas más producti-

vas se autoseleccionan para la implementación de innovaciones. A continuación,

estudiamos, utilizando técnicas de matching, la existencia de posibles retornos a la

innovación. Más específicamente, exploramos la vida útil del impacto de las inno-

vaciones en el crecimiento de la productividad de la empresa, para verificar si los

efectos persisten en el tiempo. Por último, a través de un modelo probit bivariado,
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exploramos los vínculos dinámicos entre las innovaciones de productos.

Encontramos evidencia que las empresas más productivas se auto-seleccionan

para implementar innovaciones de procesos y/o productos en el futuro. También

hallamos que las empresas más innovadoras (en productos y/o procesos) aumentan

su productividad futura (retornos a la innovación) pero solo en un período. Por lo

tanto, existe evidencia de autoselección, pero encontramos una evidencia débil de

aprendizaje por innovar en la manufactura colombiana. Por otro lado, descubrimos

que existe un fuerte vínculo entre la innovación de productos y procesos, ya que ex-

iste una alta persistencia y complementariedad en ambas actividades. Finalmente,

otros resultados muestran que las empresas más productivas, más grandes e interna-

cionalizadas aumentan la probabilidad de introducir innovaciones tanto en procesos

como en productos.

Consideramos que si los procesos de autoselección y aprendizaje mediante la in-

novación existen, pueden ser más fuertes y lograr mayores impactos en la economía si

la política sobre innovaciones es correcta. En este sentido, recomendamos aumentar

la cantidad de recursos públicos para impulsar las innovaciones, reforzar el sistema

de protección de patentes y ofrecer facilidades de crédito en la banca privada, espe-

cialmente a las PyME para que puedan adquirir nuevas y mejores tecnologías. Esto

mejorará su productividad y competitividad en los mercados nacionales e interna-

cionales. E igualmente importante, convencer a los pequeños empresarios de las

ventajas de introducir innovaciones en los procesos productivos para el desempeño

futuro de la empresa.

Ensayo 2: Importaciones y exportaciones en la manufactura colombiana.

El objetivo de este ensayo es contribuir al análisis de los vínculos dinámicos en-

tre las importaciones de insumos intermedios de las empresas y las decisiones de

exportación. Utilizando como punto de partida el modelo de participación en la ex-

portación Timoshenko (2015) (que permite cuantificar por separado el papel de los

costos hundidos y el aprendizaje de la demanda sobre la probabilidad de exportación
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de la empresa), proponemos la estimación de un modelo probit bivariado dinámico

que nos permitirá analizar las interacciones dinámicas entre las actividades comer-

ciales, el papel de los costos hundidos y el aprendizaje (aprendizaje de demanda en

el caso de las exportaciones y aprendizaje de oferta en el caso de las importaciones).

Hasta donde sabemos, este estudio es la primera evidencia empírica de este tema,

al menos para una economía emergente como Colombia.

En nuestro análisis, siguiendo Máñez Castillejo et al. (2020) y Máñez et al.

(2020), exploramos los posibles vínculos directos e indirectos entre las estrategias de

exportación e importación de productos intermedios de las empresas y la probabil-

idad de las empresas de importar productos intermedios y exportar. Entendemos

como efectos indirectos de importar (exportar) aquellos que las empresas acumulan

con la probabilidad de exportar y/o importar a través de sus potenciales efectos de

mejora en la productividad. Entendemos como efectos directos de la importación y

exportación, aquellos que pueden atribuirse a las estrategias de importación y ex-

portación una vez que hemos controlado los efectos indirectos a través de una mayor

productividad. Es relevante comentar aquí, que consideraremos no solo cómo la

experiencia de exportación anterior puede tener un efecto directo/indirecto sobre la

probabilidad de exportar (los nombraremos como efecto interno directo y efecto in-

terno indirecto de exportación) sino también los posibles efectos directos/indirectos

de experiencias pasadas de exportación sobre la probabilidad de importar (los de-

nominaremos efectos cruzados directos/ indirectos de la exportación). Análoga-

mente, también consideraremos dentro de los efectos de importación y los efectos

cruzados de la importación distinguir entre efectos directos e indirectos.

El modelado empírico incluye varios pasos. Como en el ensayo anterior, primero

tratamos el problema de endogeneidad en el cálculo de la productividad de la em-

presa, incluyendo la experiencia de exportación e importación en la ley de movimiento

del proceso de Markov bajo el enfoque De Loecker (2010) y el procedimiento de es-

timación Wooldridge (2009). Para motivar el vínculo importaciones-exportaciones,

utilizamos las funciones de supervivencia de Kaplan-Meier, un modelo probit y fun-

ciones continuas de riesgo proporcional en el tiempo. Por último, utilizamos un

modelo probit bivariado para capturar la decisión conjunta dinámica de la empresa
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de importar y/o exportar y un modelo de datos panel para mostrar el impacto de

la productividad pasada en las actividades actuales de exportación e importación.

Lainformación utilizada en este ensayo se extrae de dos bases de datos. La Encuesta

Anual de Manufactura (EAM) y la Encuesta de Desarrollo Tecnológico e Innovación

(EDIT), publicadas por el Departamento Administrativo Nacional de Estadística

de Colombia (DANE) en el período 2007-2016. Después de fusionar diez versiones

EAM con cinco de EDIT, conformamos con un panel de datos no balanceado de

diez años (2007-2016) con 49,331 observaciones.

Los resultados de nuestra estimación confirman los vínculos directos e indirec-

tos entre exportar e importar. Las exportaciones pasadas (importación de materia

primas) tienen un impacto directo y positivo en la probabilidad actual de importar

(exportar). Además, la experiencia en ambas actividades comerciales contribuye a

mejorar la productividad (esto es evidencia que respalda el aprendizaje por importa-

ciones y exportaciones). Además la productividad actual tiene un impacto positivo

en la probabilidad de exportar e importar. Por lo tanto, como se indicó anterior-

mente, encontramos evidencia no solo de los efectos directos de la experiencia de

exportación (importación) en las decisiones de importación de productos interme-

dios (exportación), sino también evidencia de efectos indirectos a través del aumento

de la productividad.

Estos resultados resultan ser muy relevantes en el diseño de políticas económicas

para un país emergente como Colombia. Primero, ante la evidencia que tanto la

exportación y la importación de bines intermedios contribuyen a aumentar la pro-

ductividad, las políticas económicas deben facilitar la participación de las empresas

en las exportaciones y evitar medidas proteccionistas que dificulten las importaciones

de bienes intermedios. Muy probablemente, un país como Colombia se beneficiará

de las importaciones de bienes intermedios de alta calidad que incorporen tecnología

extranjera. Además, nuestros resultados muestran que la importación de etso bienes

fomenta la participación de las exportaciones y, por lo tanto, es un elemento crucial

en la competitividad de las empresas.
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Ensayo 3: Sobre la sustituibilidad y/o complementariedad entre las estrategias

de internacionalización de la empresa.

El tercer capítulo es una nota sobre el ensayo 2. La motivación radica en el hecho

de que el desempeño de las empresas y el alcance de las estrategias de internacional-

ización (exportaciones e importaciones) se han estudiado desde varias perspectivas:

autoselección (AS), aprendizaje mediante la exportación. (APE) y aprendizaje me-

diante importación (API); y descubrimos que exportar e importar tiene un impacto

positivo en la productividad de la empresa. Dentro de esta literatura que estudia

cómo la importación y la exportación impulsan la productividad de la empresa, y

cómo desarrollar una de estas actividades fomenta la otra, consideramos que podría

ser interesante investigar la posible complementariedad/sustituibilidad entre ellas

para diseñar políticas económicas. En otras palabras, existe una relación estable-

cida entre importaciones-exportaciones y entre estas actividades y la productividad.

Sin embargo, es interesante analizar el efecto complementario o sustituible de estas

actividades comerciales en la productividad.

En particular, la disponibilidad limitada de recursos para comenzar a importar

(exportar) cuando la empresa ya está exportando (importar) o la necesidad de re-

tirar recursos de exportar (importar) para comenzar a importar (exportar) puede

ser bastante común entre las PyME que operan en países emergentes. Es muy

probable ellas carezcan de recursos internos y enfrenten dificultades para acceder

a financiamiento externo. Por lo tanto, en nuestro análisis para Colombia no nos

sorprenderá si encontramos una relación de sustituibilidad entre exportaciones e im-

portaciones. Hasta donde sabemos, esta sería la primera evidencia empírica de este

tema, al menos para una economía emergente.

Para probar la complementariedad/sustituibilidad, procedemos en dos pasos.

Primero, estimamos los parámetros de una función de producción de Cobb-Douglas,

donde, como antes, endogenizamos en la ley del movimiento de la productividad

las estrategias de internacionalización, y utilizamos el método GMM propuesto por

cite wooldridge2009 para estimar la PTF. Después de eso, construimos la prueba de

complementariedad o sustituibilidad entre importaciones y exportaciones sobre la

33



productividad, siguiendo a Carree et al. (2011) y a Higón et al. (2018). Esta prueba

utiliza el conjunto de parámetros introducidos en la ley de movimiento para carac-

terizar las estrategias pasadas de las empresas. Específicamente, el impacto de las

estrategias combinadas de exportaciones e importaciones en una sola debe generar

una mayor influencia en la PTF que por separado. Por el contrario, en el caso de

la sustituibilidad, la hipótesis nula postula que los impactos de las estrategias de

exportación e importación por separado tienen un impacto mayor que el de com-

binarlos. Para profundizar nuestro análisis, desglosamos por sectores de intensidad

tecnológica.

Usamos nuevamente la Encuesta Anual de Manufactura (EAM) y la Encuesta de

Desarrollo Tecnológico e Innovación (EDIT) soportada por el DANE. Las empresas

con datos faltantes en variables clave se eliminan de la muestra, así como algunos

valores atípicos. Después de fusionar diez oleadas de la EAM con cinco de la EDIT,

terminamos con un panel de datos no balanceado de diez años (2007-2016) con

71.825 observaciones correspondientes a 10.863 empresas.

Como primer resultado, en la muestra completa encontramos efectos significa-

tivos, positivos y mayores en la productividad de todas las estrategias en compara-

ción con las empresas que no realizan ninguna de ellas. La importación y exportación

al mismo tiempo generan un mayor impacto en la productividad (11.4%) que al

realizar estas actividades por separado (6.4% para exportaciones y 5.9% para im-

portaciones). Desglosado por intensidades tecnológicas, el único sector que no sigue

este patrón son las industrias de baja tecnología, donde la estrategia de importación

genera el mayor efecto (6,3%). Como segundo resultado, encontramos evidencia sig-

nificativa de sustituibilidad. En el caso del desglose por intensidad tecnológica, el

patrón es exactamente el mismo, excepto en las industrias de alta tecnología. Por lo

tanto, existe evidencia de sustituibilidad y complementariedad entre importaciones

y exportaciones dependiendo del sector tecnológico analizado.

Estos resultados apuntan a la necesidad de diseñar políticas comerciales especí-

ficas para las empresas que operan en diferentes sectores tecnológicos. Por lo tanto,

para las PyME, que operan principalmente en industrias de baja y media tecnología,

deben seguir una de las estrategias de internacionalización (ya sea exportar o im-
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portar) ya que la necesidad de enfrentar costos hundidos les impide realizar ambas

actividades. Para las grandes empresas, que generalmente operan en sectores de

tecnología media-alta, la política debe orientarse para ayudarlas a realizar ambas

actividades, ya que probablemente también puedan pagar los costos hundidos en

ambas.

Ensayo 4: El impacto de las TIC en las actividades de exportación para un país

en desarrollo: evidencia a nivel de empresa en Colombia.

El objetivo de este ensayo es estudiar la influencia de las TIC en las actividades

de exportación de las empresas utilizando datos a nivel micro para la industria

manufacturera colombiana. Al hacerlo, prestamos especial atención a la decisión de

exportación de la empresa (propensión) y a su desempeño en los mercados interna-

cionales (intensidad). Contribuimos a la escasa literatura empírica principalmente

en América Latina explorando este vínculo e incluyendo algunas novedades como el

efecto cruzado de las importaciones en las exportaciones, el papel del problema de

las condiciones iniciales y la depreciación de la experiencia exportadora.

Las ventajas relacionadas con la inversión y el uso de las TIC para las empre-

sas son diversas: reducen los costos de transacción (como los costos de informa-

ción o transporte), mejoran la gestión administrativa de las empresas, impulsan las

economías de escala, aumentan las oportunidades comerciales, amplían el alcance

del mercado y fomentan las innovaciones, (Barba-Sánchez et al., 2007; Grazzi et al.,

2016). En otras palabras, las TIC tienen un fuerte impacto en la competitividad

de la empresa en los mercados locales e internacionales y fomenta su crecimiento

(Jorgenson et al., 2000). La relación de las TIC y la exportación podría explicarse

por dos canales. Uno directo, que sugiere que las empresas utilizan las TIC básicas

para establecer relaciones comerciales con sus clientes. De otro lado, el canal indi-

recto opera a través del enlace entre exportaciones e importaciones. Es decir, si las

empresas para su actividad de importación utilizan las TIC con el fin de encontrar

proveedores, contactarlos, compartir información o comprar en el extranjero, esta
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experiencia previa podría facilitar el seguir pasos similares para las actividades de

exportación posteriores.

Para capturar los impactos de las TIC en la actividad de exportación, estimamos

un modelo probit de efectos aleatorios para la propensión a exportar y un Modelo

Lineal Generalizado (GLM) para el proceso de intensidad de exportación. Debido

a la insignificancia estadística de la relación inversa de Mills en el marco Tobit II-

Heckman, concebimos los procesos de propensión e intensidad por separado. Los

datos se obtienen fusionando tres bases de datos. La Encuesta Anual de Manufactura

(EAM), la Encuesta de Innovación y Desarrollo Tecnológico (EDIT) y la Encuesta

Anual de Manufactura TIC (EAM-TIC), publicada por DANE y cubren cuatro

versiones, de 2013 a 2016. Después de fusionar estas bases de datos, obtenemos un

panel de datos no balanceados de cuatro años (2013-2016) con 30,381 observaciones

correspondientes a 10,094 firmas.

Nuestros principales hallazgos indican que en la decisión de exportar (ecuación

de propensión) todas las TIC consideradas tienen un impacto positivo y significativo

en esa decisión. En el caso de la intensidad de exportación, solo algunas TIC (dispos-

itivos electrónicos, fibra óptica y red intra / extra) tienen un impacto significativo

y positivo. Cuando desglosamos la muestra por tamaño y sectores de intensidad

tecnológica, encontramos que el patrón para las PyME y para las empresas que

operan en sectores de baja tecnología es muy similar al de la muestra agrupada,

ya que la mayoría de las empresas en la fabricación industrial son PyME que op-

eran en sectores de baja tecnología. Además, también hay pruebas contundentes de

que las empresas enfrentan costos hundidos cuando deciden ingresar a los mercados

internacionales, ya que existe una autoselección en las actividades de exportación.

Finalmente, también encontramos que las actividades de importación y exportación

están relacionadas, ya que la importación fomenta la exportación; y la inclusión de

la experiencia de depreciación de las exportaciones muestra que el costo de reiniciar

la exportación aumenta con el número de años sin exportar.

A pesar de estos resultados favorables, la manufactura colombiana se centra en las

TIC básicas (dispositivos electrónicos e internet). Las más avanzados que implican el

uso de transacciones comerciales en línea, tienen una tasa más baja de participación
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en la industria. Y las TIC utilizadas para el desarrollo de la planificación estratégica

y la inteligencia empresarial, son prácticamente inexistentes. Desafortunadamente

para Colombia, los dos últimos niveles son aquellos que juegan un papel fundamental

en la internacionalización de las empresas. Por lo tanto, el gobierno debe apoyar

el desarrollo de la economía digital, diseñando un marco regulatorio acompañado

de políticas que ayuden a la adopción de estas nuevas tecnologías para apoyar la

innovación en las empresas, especialmente en las PyME que representan a la mayoría

de la industria.
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Essay 1

The link between innovation and

productivity in a developing

country: the Colombian

manufacturing industry

Abstract

In this paper we investigate in depth the effects of process and product innovations

in total factor productivity growth for the manufacturing sector of Colombia, a

developing country. In this sense, we also pay special attention on dynamic linkage

in both types of innovations. We carry out this analysis taking into account the

possible endogeneity problem that may arise by self-selection of the most productive

firms into the implementation of innovations. In a first stage, we explore through

a panel data discrete choice model whether the ex-ante more productive firms are

those that introduce innovations (self-selection hypothesis). In a second stage, we

test whether the introduction of innovations boosts productivity growth (returns-

to-innovation hypothesis). In this second stage, we make use of matching techniques

to control for the fact that selection into the introduction of innovations might not

be a random process. In a final stage, we explore the firm joint decision to innovate
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in process and/or in product through a bivariate probit model. The data used

has been drawn from the Colombian Annual Manufacturing Survey (EAM) and

the Technological Development and Innovation Survey (EDIT). Our results suggest

that the most productive firms are self-selected into the introduction of innovations

(both process and product); and these innovations render positive returns in terms

of productivity growth only one period forward regardless of type of innovation. In

addition, not only we find a strong persistence of process and product innovation

over time, but also a cross effect which shows that product innovations are boost by

process innovation and vice versa.

1.1 Introduction.

Innovation is a key factor both at the macroeconomic level, as it fosters countries

development and economic growth, and at the microeconomic level, as it allows

enterprises to achieve higher levels of performance and competitiveness in the local

and international markets. Therefore, this supports the importance to study the

linkages between innovation and productivity at the firm level.

Schumpter (1942) constitutes the pioneer work in analyzing the concept of inno-

vation and its impact on productivity and market structure. Later Griliches (1979)

formalized the R&D capital stock model that analyses the relationship among R&D

investments, achievement of innovations and productivity growth. Subsequently

Crépon et al. (1998) developed the well-known CDMmodel, which shows the sequen-

tial relationship between R&D, innovation and productivity. The main implication

of these concepts and models is that firms that invest in knowledge are more likely

to implement new technological advances, and that innovative firms show higher

productivity than non-innovative ones, Crespi and Zuniga (2012).

The empirical analyses of the relationship between innovation and productivity

are very broad. Most of these studies are focused in developed countries, see Do-

raszelski and Jaumandreu (2013); Raymond et al. (2015); Baum et al. (2017); among

others. However, for Latin American emerging economies the empirical literature

is scarce or is not studied in depth. Some research has been carried out mainly in
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Brazil, Chile, Mexico and Colombia. See, for example Cirera et al. (2015); Can-

dia Campano et al. (2016); Cabral and González (2014) or Eslava et al. (2013).

As pointed out by Demmel et al. (2013), the scarce availability of comprehensive

databases or consistent panel data for these countries as well as the low investment in

R&D activities have possibly discouraged investigating this issue for these countries.

In general, the empirical evidence shows that innovative firms have a greater

productivity than firms that do not perform those activities. The explanation behind

this relationship is based on two hypotheses: self-selection and returns to innovations

or learning by innovating. The self-selection hypothesis is founded on the idea

that the most productive firms self-select into innovative markets, that is to say,

only the more productive firms are capable to introduce innovations. Conversely,

the returns to innovation hypothesis suggests that innovator firms might obtain

profits in the future, in terms of productivity associated to their experience with

the new knowledge. These two hypothesis have been explored at empirical level

for many authors such as Demmel et al. (2013); Rochina-Barrachina et al. (2010);

Máñez Castillejo et al. (2005), among others. However, the results obtained are

mixed, because there is evidence of self-selection and/or returns to innovation for

some countries but not for others.

In the case of Colombia, the relation between innovation and productivity has

been explored only in one direction: the impact of innovations on firm productivity.

The available studies, Villarreal et al. (2014); Lambardi (2014); Eslava et al. (2013);

Crespi and Zuniga (2012); Gallego et al. (2013); Arbelaez and Torrado (2011) differ

in the period of analysis and in the manner they relate R&D and productivity. The

only study exploring both hypotheses for four Latin American countries (including

Colombia) is Demmel et al. (2013). Unfortunately, the results in this work are in-

conclusive for this country, possibly due to the use of a short panel data. Further,

another important aspect that has not been studied in the innovation-productivity

link, at least for emerging economies, is the dynamic relationship between product

and process innovation. In relation to this dynamic issue, it is important to an-

alyze: whether sunk costs related to innovation activities matter to implementing

future innovations; of whether past innovations of the firm raise the probability of
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continuing to innovate in the future, i.e., if there is persistence in innovation; and,

whether today (product) process innovation boost (process) product innovation in

the future. All these questions are key for the productivity of manufacturing firms.

It is important to take into account that the low investment in R&D activities

(less than 1% of the GDP according to the World Bank) and the innovation deficit

in Latin America have caused the stagnation of productivity in this region, Pagés

(2010). Therefore, if the dynamic relationship between the types of innovations is

relevant, then we find a new channel to improve firms’ performance in markets.

We consider Colombia is an interesting case to study for several reasons. First,

Colombia is the fourth largest economy in Latin America after Brazil, Argentina,

and Mexico. Further, according to the Inter-American Development Bank (IDB) in

the last 5 years Colombia has achieved a GDP rate of growth about 5%, which is

higher than the rate accrued in Chile (4.1%), Argentina (3.2%), Mexico (2.9%) or

Brazil (2.2%). Second, we also believe that the recent peace process in Colombia

will generate a significant a push of demand in many sectors as agriculture, min-

ing, oil, infrastructure, energy and manufacturing. In fact, the Colombian GDP

increased 3.4% and employment 1.2% in the 2019. Third, in the last decade the

Colombian innovation system has received an important impulse from the Govern-

ment. In 2010, the Ministry of Information and Communication Technologies was

created to promote the massive use of ICTs across citizens and firms, and more

recently (in January 2019) the Ministry of Science, Technology and Innovation was

created, with the objective to boost and control the Colombian policy in science and

technology. Fourth, as an emerging economy, most of the innovations introduced

by firms in production process are mainly imported from abroad, so the recent free

trade agreement with the United States, China and the European Union will foster

the acquisition of new knowledge embodied in capital goods. Finally, the availability

of recent comprehensive databases in Colombia, makes attractive to study all these

issues.

The aim of this work is to investigate in depth the relationship between innova-

tion and productivity for the Colombian manufacturing. For this purpose, we will

study the self-selection of the most productive firms into innovation, the returns to
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innovations (learning by innovating) and the linkages between process and product

innovations.

The data we use have been drawn from two databases. The Annual Manu-

facturing Survey (EAM) and the Technological Development and Innovation Sur-

vey(EDIT), published by the Colombian National Administrative Department of

Statistics (DANE). After merging ten EAM waves with five EDIT waves, we end up

with an unbalanced panel data of ten years (2007-2016) with 76,031 observations.

To undertake these research tasks, we proceed in several steps. The first step in

our study is to estimate productivity using up-to-date methods. In particular, we

calculate TFP using a modified version of Olley and Pakes (1992) and Levinsohn and

Petrin (2003). This extension was proposed by DeLoecker (2013), and implies using

an endogenous Markov process, where past firms’ innovation choices are included

in the Markov process. This TFP would be estimated using the GMM framework

proposed by Wooldridge (2009). In a second step, we test using panel data discrete

choice model whether the most productive firms today are those firms implementing

innovations in the future, i.e., whether more productive firms self-select into the

implementation of innovations. Next, we study, using matching techniques, the

existence of possible returns to innovation. More specifically, we explore the life

span of the impact of innovations on firm’s productivity growth, to check if the

effects persist over time. Lastly, through a bivariate probit model we explore the

dynamic linkages between and product innovations.

To anticipate our results, we obtain that the most productive Colombian firms

self-select into the introduction of innovations (either process or product innova-

tions). Further, these innovations render forward positive returns in terms of extra

productivity growth but only for one period for both types of innovations. More-

over, we find a strong persistence of process and product innovation over time and

relevant cross effects between these two innovation activities, as product innovations

are boosted by process innovation and vice versa.

The rest of the paper is organized as follows. Section 2, reviews the related

theoretical and empirical literature and show the characteristics of the Colombian

innovation system. Section 3 describes the data and the productivity estimation.
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Section 4 explains the modelling procedures and the results. Finally, the last section

provides some concluding remarks.

1.2 Innovations and productivity.

1.2.1 Literature review

Many Latin America emerging economies (including Colombia) have specific differ-

ences in their national innovation system as compared with Western Europe or other

developed countries innovation systems, Hall and Mairesse (2006). These differences

condition importantly the relationship between innovation and productivity in Latin

America. The main and most important difference are related with the lack of re-

sources to support science, technology and innovation activities within firms and

the scarce availability of high-quality personnel. For instance, R&D expenditure

as a percentage of GDP is less than 1% on average in Latin America in the new

millennium (except for Brazil). Further, for Colombia only 2% of the total labour

in manufacturing holds a master/doctorate degree.

Private and public financial support in Colombia for investment in R&D activi-

ties for SMEs is even more precarious. Given that 92% of the manufacturing firms

are SMEs, lack of resources would become an important barrier to obtain innovations

and to improve economic performance in the future. The lack of financial support

prevents investment in R&D laboratories, hiring high-quality personnel, and imports

of raw materials and intermediate inputs from abroad. All this is aggravated by the

weak legal system of knowledge protection.

In Colombia, 75% of the financial resources devoted to science (by the small

number of firms that obtained innovations, technology and research activities) are

own resources and the majority of the rest of resources are provided by private

banking. Therefore, there is no strong incentive to invest in R&D activities for

most manufacturing enterprises due to the minimal support. According to Crespi

et al. (2016) and Acemoglu et al. (2006), this pattern is repeated in most developing

countries, and especially in Latin America.

This financial situation implies that the innovations accrued by firms that can
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finance their R&D activities differ from those obtained by firms in developed coun-

tries. Thus, for many Latin America countries (including Colombia), the innovation

activities are more related with the adoption or acquisition of external innovation

rather than producing innovations internally, as occurs in developed countries, Pagés

(2010) and Crespi et al. (2016). Thus, many innovations in Latin American countries

consist basically of incremental changes with a minimal impact in international mar-

kets. Further, many of them are the result of an imitation or copying process and/or

technology transfers (Crespi and Zuniga, 2012). Consequently, the link between in-

novation and productivity is not so strong, as the particular process of obtaining

technology differs from the traditional vision in developed countries where the in-

vestment in R&D activities facilitate obtaining process and product innovations that

may increase productivity (Mohan et al., 2016).

In general, Colombian manufacturing firms do not make big investments to ob-

tain process and product innovations, as they do not get much involved in the first

stages of the process which usually imply investing in R&D labs and hiring highly

qualified personnel. As Pagés (2010) postulates, most of the firms incur in further

stages of the innovation process related with a gradual learning of the procedure.

Nevertheless, even in this case, sunk costs might still be relevant, as firms need

to search for suppliers according to their economic and quality expectations, cus-

toms procedures, contract formulation, taxation, search for high quality employees

or transport activities, among others. All these activities imply, analogously with

developed countries, important expenditures that can only be afforded by the most

productive firms. According to Demmel et al. (2013), these productive firms are also

capable to face other Latin American specific problems. For example, the higher

uncertainty about the returns to innovation caused by markets volatility, the precar-

ious financial system that force firms to self-finance their innovations and the lower

absorptive capacity of firms in these countries, that implies a long period to recover

the innovation investment and reduces their access to external financing. Therefore,

only the most productive and profitable firms can face the uncertainty and access to

financial markets, what has an influence in the innovation-productivity relationship.

The empirical evidence on the link between innovations (process/product) and
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productivity for Latin America and Colombia is heterogeneous in various aspects,

such as the statistical methodologies implemented, the data used and the innovation

definitions. Thus the results are mixed and inconclusive. Most researches in Latin

America are based on the model of Crépon et al. (1998) (CDM hereinafter). In

Argentina, Chudnovsky et al. (2006) and Arza and Lopez (2010), using panel data

analysis find that product innovation has a positive impact in labour productivity,

but process innovations have an ambiguous effect. Crespi and Zuniga (2012), using

cross-sectional data, obtain that both innovations have a positive impact. In the

case of Brazil, Raffo et al. (2008), using cross-sectional data, find a positive impact of

product innovation on labour productivity. Conversely, Goedhuys (2007) uncovers

that product innovation has a s non-significant impact on productivity (using a

TFP index), and that process innovation has a negative effect. For Chile, Alvarez

et al. (2010a), using pooled data analysis, reveal that process innovations have a

contemporaneous and forward effect. However, Crespi and Zuniga (2012), using a

cross section analysis, show that process and/or product innovations enhance labour

productivity in Chile. For Mexico, Brown and Guzmán (2014), using pooled data

analysis, postulate that design and/or process innovation boost labour productivity.

But, Pérez et al. (2005a), using cross-sectional data for Mexico, found different

results: process innovation shows a positive impact, but product innovations have

no impact.

Finally, for the case of Colombia, the scarce empirical studies share three char-

acteristics: first, they are based on the CDM traditional model; second, with some

exceptions all they use cross-sectional data, so these studies miss the dynamic rela-

tionship between innovation and productivity; and third, productivity is measured

by labour productivity and the few studies that use TFP consider an exogenous

Markov process for the law of motion for productivity. Some recent studies, carried

out by Gallego et al. (2013); Lambardi (2014) and Arbelaez and Torrado (2011)

adopting an augmented production function approach to examine the relationship

between innovations outputs and labour productivity, and using cross sectional data,

find a positive link between R&D, innovation, and labour productivity. Further,

Crespi et al. (2016), Crespi and Zuniga (2012) and Villarreal et al. (2014), applying
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the CDM model and using panel data information, find similar results. Specifically,

the results in Crespi and Zuniga (2012) and Crespi et al. (2016) show a strong

evidence between innovation input and output, and innovation output and produc-

tivity (i.e., the returns to innovation). However, the returns to innovation depend on

the type of innovation, with larger effects for product than for process innovations.

Villarreal et al. (2014) establish that the effects of innovation on productivity are

stronger for SMEs firms than for large enterprises. Lastly, the most recent study for

Colombia is Albis (2017), who uses a reduced form CDM model without considering

the last equation (firm performance), so it excludes productivity analysis.

As far as we know, the only study that analyses the returns to innovation and self-

selection for Colombia is Demmel et al. (2013). In this paper, the authors investigate

the relationship between firm’s innovation and productivity for some countries of

Latin America (specifically Argentina, Mexico, Colombia and Peru) with firm data

for manufacturing industries. Their results provide evidence in favor of the self-

selection and returns to innovation hypotheses only for Mexico and Argentina, as

the evidence for Colombia and Peru is inconclusive, maybe due to the short panel

data used.

We consider that even in the case of an emerging economy (such as Colombia) the

innovative activities are subject to sunk costs (although different in nature to those

incurred by innovating firms in developed countries). The presence of sunk costs

and learning effects in innovating activities implies that the firm’s past experience in

these activities should be considered as a state variable in the firm’s current innovate

decision. In this sense, the experience will be accumulative and the innovation

activities could be persistent. Furthermore, introducing process innovation today

may foster the introduction of product innovations in the future and vice-versa.

1.2.2 Characteristics of the Colombian innovation system.

In this section we characterize the Colombian innovation system. We start with the

Colombian innovation policies, and compare some traditional innovation indexes

between Colombia and other economies in Latin America as well as with some

developed countries. Next, we will explore the evolution of the innovation indicators
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for the Colombian manufacturing industry.

The policy of innovation in Colombia began at the end of the 1960s and since

then, some improvements have been made. Following Arbelaez and Torrado (2011),

up to 2009 there were four stages in the development of science, technology and

innovation policy in Colombia since the starting of the policy. We consider that the

during the first two stages there was a quite deficient policy coordination, whereas

in the two remaining stages the restructuring of the innovation system hardened the

policies, and let to the most important stage, that we can name stage 5.

The first stage started in 1968 when Colciencias was created. This was an insti-

tute inside the Ministry of Education made to manage and finance the programs re-

lated to technological and scientific development. Shortly after, in 1970, the National

Council of Science and Technology (CNCT) was also created with the objective to

articulate government public policies and promote the development of scientific re-

search, technological development and innovation. But unlike Colciencias, it had

a legal status, its own assets, technical, operational and administrative autonomy.

Thus, during the first stage two organisms coexisted with similar purposes but with

different sources of financial resources.Arbelaez and Torrado (2011)

In the 90’s started the second stage when Colciencias joined the National Plan-

ning Department aiming at linking the economic planning with science and tech-

nology. Also, in the same year, The National System of Science and Technology

(SNCT) was created trying to link government, private sector and academia, but

again without autonomy since it depended on CNCT. However, in 1994, Colciencias

was restructured with the creation of the Strategic Programs Subdivision and the

Innovation Division, that were in charge of all programs, projects and activities re-

lated to the productive sector Arbelaez and Torrado (2011). So, again, there were

two organisms with related objectives.

In the new millennium (third and fourth stages), the innovation policy was

strengthened with the Conpes Document 3179 in 2002, since more financial resources

were allocated by government with the purpose to support doctoral education and

the creation of research centers Arbelaez and Torrado (2011). We can date the fifth

stage in 2018 with the approval of the Law 1951 (starting to have effect in 2019).
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This law transformed Colciencias into the Ministry of Science, Technology and In-

novation. The objective of this ministry is to formulate, guide, direct, coordinate,

execute, implement and control the Colombian policy in science and technology. As

it becomes a ministry, the organization will be present in the council of ministers,

which will enable it to access greater investment resources and to improve its perfor-

mance. Further, this law was also received as an impulse with the creation in 2010

of the Ministry of Information and Communication Technologies, which promotes

the spread of the use ICTs across citizens and firms.

With the beginning of stages three and four, the innovation indicators in Colom-

bia have experimented a considerable boost. Next, we analyze the evolution of

these innovation indicators for Colombia and other countries. Thus, following Au-

dretsch (1995) and Demmel et al. (2013), we analyze the inputs of the innovative

process such as R&D activities as a percentage of the GDP and R&D researchers

per millions of citizens. Next, we focus on measures of output such as patents and

payments/receipts for intellectual property. Table 1 shows these innovation indica-

tors for the most important economies in Latin America, according to the World

Bank.1

The percentage of R&D expenditure over GDP is less than 1% for all the most

important Latin American economies, except for Brazil that this figure is 1.18%.

Further, this figure is only 0.72% for Latin American and the Caribbean. The per-

centage for Colombia (0.24%) is the lowest, even below the figure of other smaller

economies such as Uruguay and Costa Rica (0.37% and 0.48%, respectively). Com-

pared to the U.S. economy or the European Union, there is a large gap in the amount

invested in R&D activities in the Latin American countries. This distance remains

the same with OECD members (not shown in the table) since the average of the

28-member countries is near to 2.4%. In this context, the poor R&D expenditure of

Colombia hampers its ability to assess, assimilate and use new external knowledge

(absorptive capacity) as stated by Cohen and Levinthal (1990).

As regards the number of R&D researchers (including postgraduate Ph.D. stu-
1We also introduce at the bottom of the table the Global Index of Innovation (GII). We will

refer to it later.
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dents engaged in R&D activities) per million of people, we observe the same pattern.

As before, Colombia has the lowest participation with only 68 researchers on aver-

age, which represent less than 20% of the Chilean or Mexican figures; or the 9.5%

and 6% of the Brazilian and Argentinian figures, respectively. Further, Uruguay and

Costa Rica show again a better performance in this index as compared to Colombia.

The average for Latin America and the Caribbean is 521, a quite large figure if we

compare it with Colombia. The U.S. and the E.U., as developed economies, have

a much larger number of researchers. This lack of human capital related to R&D

activities will also prevent the capacity of Colombia to improve its productivity.

In relation to the innovation outputs (patents in our case), we observe that

the number of patent applications by non-residents (an application filed with a

patent office of a given country/jurisdiction by an applicant residing in another

country/jurisdiction) has a better performance for Colombia, at least compared

with Uruguay and Costa Rica, but lower than larger economies in the region, where

Brazil stands out as the country with the largest number. Further, Colombia is

also below the average for Latin America and the Caribbean, the E.U. and the

U.S. The number of patent applications by residents (an application filed with a

patent office of a given country/jurisdiction by an applicant residing in the same

country/jurisdiction) display a similar behavior as before, being Colombia in the

last position within the largest Latin American economies. However, in this case is

not overpassed by the small economies. Finally, as before, Colombia is still very far

from LAC economies, the E.U. and the U.S. It is well established that patents are

used as indicator of firm’s appropriability from innovation results and are usually

linked to high quality process and product innovations. Then, we can conclude that

the technological contents of the innovations introduced by firms in Colombia are

lower than those introduced by the remaining Latin American countries and much

lower than those in the U.S. or the E.U. However, one should take patents as a

measure of innovation with caution since not all patents become innovations, and

only remain as inventions (Audretsch, 1995).

Next, we analyze the figures for payments (receipts) from intellectual property

between residents and non-residents for the use of proprietary rights. In these two
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indexes we observe that Colombia is not in the last position among the largest

Latin American economies. In fact, Colombia displays a better performance in these

indicators, and shows payments above 400 U.S. dollar million and receipts of 51 U.S.

dollar million, surpassing Mexico and Chile. These figures are important as these

might foster economic performance in several ways: productivity, incentive foreign

direct investment and innovation, might boost performance of trading partners,

among others. In this sense, we can say that Colombia shows a safer scenario to

protect technological knowledge as compared to other countries of the region and a

higher capacity to generate valuable technology that other countries are willing to

pay for. It is worth mentioning that the payments for intellectual property is the

only innovation index showed on table where the E.U. exceeds that of U.S.

Finally, at the bottom of the table, we display the Global Innovation Index

(GII) which is a ranking published annually by Cornell University and the World

Intellectual Property Organization (WIPO) from 80 different variables related to

innovation, for 126 economies around the world. In this ranking, Colombia is in

the 65 position (on average between 2013-2016) in the world and the fifth in Latin

America, surpassed by Chile, Mexico, Costa Rica and Uruguay and very near to

the others. The study points out that Latin America has not significantly improved

its innovation rates compared to other regions; nevertheless, Colombia and Costa

Rica were highlighted by their recent efforts in innovation activities. Yet, the study

also highlights that Colombia has to face future challenges in terms of innovation

activities related to regulatory environment, student mobility in higher education,

the use of energy related to gross domestic product, micro credits for SMEs, the

ease of protecting small investors and research funded from abroad.

In summary, the innovation system in Colombia, compared with the rest of the

most important Latin American economies, has a quite poor performance. This is

more related to input innovation indexes than to output indexes. In addition, there

are three different groups in the innovation system of Latin America: Argentina

and Brazil show the best performance in the region; Mexico, Chile and possibly

Colombia conform a second distant group from the former; the remaining countries

(not shown in the table) conform the third group facing a critical situation, except
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for Uruguay and Costa Rica. The comparison of Latin American with the U.S. or

the E.U. innovation systems points out the existence of a big gap between most

of the countries in Latin America. In fact, for many indicators the proportion is

fivefold, and in extreme cases it even reaches tenfold and the gap is widening.

1.3 Data, productivity and innovation status.

1.3.1 The data.

The data used in this paper are drawn from two databases. The Annual Manu-

facturing Survey (EAM) and the Technological Development and Innovation Survey

(EDIT), published by the Colombian National Administrative Department of Statis-

tics (DANE).

The EAM is the annual census for industrial establishments (identified according

to the ISIC Revision 3 adapted for Colombia) with 10 or more employees or, failing

that, firms that record an annual production value equal or greater than a value

specified for each reference year by the EAM, which is indexed by the product price

index (PPI). It collects annual information at the firm level for variables such as

value added, number of employees, energy consumption, among others. The EDIT

is a biannual survey whose objective is to characterize the technological dynamics,

innovation activities and technological development for manufacturing Colombian

firms. It is a census of firms with establishments employing 10 or more workers or,

failing that, have an annual production value equal or greater than a value specified

for each reference year by the EAM. The statistical office uses, as in the case of the

EAM, the ISIC Rev. 3, adapted for Colombia.

The innovation variables that we use in this paper come from five waves of the

EDIT (EDIT IV, for 2007-2008; EDIT V, for 2009-10; EDIT VI, for 2011-2012;

EDIT VII, for 2013-2014; and, EDIT VIII, for 2015-2016). We do not use previous

versions of the EDIT due to important changes in the process gathering information

on firms’ innovations (Villarreal et al., 2014). Using the data available in the EAM

survey, we calculate firms’ total factor productivity (TFP, hereafter) for the years to

2007 to 2016. As the main aim of our paper is to explore the impact of innovations
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on productivity, we use a sample of firms that are both available in the EAM and

EDIT.

It is important mentioning that merging the EAM and EDIT databases poses

some problems. As the EDIT (as most innovation surveys) is a biennial survey, we

do not know the actual year in which the firm introduced the innovation. Thus, in

our empirical work, if a firm declares to have introduced an innovation in the last two

years, we will consider it an innovator in only one of these two years. For example, if

in EDIT IV the firm declares to have introduced at least an innovation in 2007-2008,

we will consider the firm as an innovator in 2008. Other variables of interest related

to R&D activities are reported annually. After merging ten EAM waves with five

EDIT waves, we end up with an unbalanced panel data of ten years (2007-2016)

with 76,031 observations corresponding 11,051 firms. The panel is unbalanced due

to the existence of missing observations in critical variables, so the final sample that

we select is composed by firms that provide information for all the periods analysed

on: output, capital, materials, number of workers and value added.

Table 2 shows some indicators of the innovations activities classified by sectors

of technological intensity. In columns 1 and 2 we display the number of observations

and the number of firms by sector. As an emerging economy, Colombian manu-

facturing is concentrated in low-tech industries which represent 58.1% of firms in

manufacturing. Sectors such as Food/Beverages/Tobacco, Textiles and Furniture

are the most representative. Further, the med-low technological sector has a par-

ticipation of 28.3% and the firms within this category are concentrated in Rubber

and Plastic industry. In the case of med-high technological industries, the represen-

tativeness is lower than the previous ones (as firms in this category only represent

12.2% of the total). In this category, Chemicals is the most important industry with

888 firms. Finally, the high-tech industry is the least frequent of all, since only 157

firms belong to this sector, that is, less than 2% of the full industry. In fact, Manu-

factures of Office is the sector with the least participation not only in the high-tech

industry but in the whole industry with only 9 firms reported.

In the following columns, we characterise firms’ innovative profiles. The average

number of employees per firm is reported in Column 3. We find that, except for
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Food/Beverages/Tobacco and Paper, firms in the remaining industries of the low-

tech sector employ on average fewer workers than firms in other industries belonging

to more technologically advanced sectors. For instance, firms in the Ships and

Boats industry (belonging to the high-tech sector) employ, on average, more workers

(about 200 workers) than firms in the most representative industries of Colombian

manufacturing. In the same vein, on average, firms in the Coking and Refined

Petroleum industry (belonging to the med-low tech sector) employ more workers

than firms in any industry of the low-tech sector.

In column 4, we show the average percentage of innovative firms.2 Regardless of

the technological break down, Colombian firms are not very innovative, as we have

that on average only 24.7% of firms obtain innovations in all manufacturing. Yet,

industries exceeding this average, i.e. with a better performance are: Chemicals

(36.5%), Paper (35%) and Machinery and Electrical Appliances (32.5%). The less

innovative industries are mainly located in the low-tech sector, specifically in indus-

tries that are highly representative of Colombian manufacturing (Textiles, Tanning

and Leather and Wood).

In the remaining columns, we calculate indicators related to research and devel-

opment (R&D) activities of the firms. In particular, column 5 displays the percent-

age of firms investing in R&D activities. In general, as expected, the figures indicate

that the most technologically advanced industries invest more in these activities. For

instance, the percentage of firms investing in R&D in Textiles, Tanning and Leather

and is about 16%. In the med and high-tech sectors, the best performing industries

have rates exceeding 30%, such as Chemicals, Machinery and Electrical Appliances

and Ships and Boats.

Column 6 shows the percentage of firms with positive R&D expenditures that

obtain innovations. The figures indicate that firms investing in R&D are likely

to obtain innovations. In fact, on average, the percentage of firms that invest in

R&D and obtain innovations is about 83%. The industry of Ships and Boats stands
2Initially, for descriptive statistics we consider a firm as innovator if it has obtained at least one

new or significantly improved good or service or has introduced a new or significantly improved
method for providing services, production, distribution, delivery, or logistic systems in the firm.
Later, this definition must be refined for empirical modeling.
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out since, on average, 98% of the firms with positive R&D expenditures obtain

innovations. Conversely, the worst performance in this indicator is shown by the

Coking and Refined Petroleum industry, although its figure (77.6%) is not far from

the average.

Column 7 refers to the average number of employees in R&D activities for firms

with positive R&D expenditures. In general the average number of R&D employees

is higher for more technologically advanced industries. For instance, whilst on aver-

age firms in the Tanning and Leather industry only employ 4.8 R&D workers, firms

operating in Non-Metallic Mineral Products industry employ 16.3 R&D workers and

firms operating in the Ship and Boats industry employ 20.6 R&D workers. Lastly,

Column 8 displays the average number of skilled workers (measured as individuals

with a master and doctorate degrees) in firms with positive expenditures in R&D.

The figures reported are especially low in low-tech industries, with the exception of

Furniture (3.5 employees on average). Industries operating in med-low and med-

high technological sectors employ, on average, more skilled workers. For example,

Coking and Refined Petroleum hires 30 employees.

According to the National Association of Industries (ANDI) human capital has

become an obstacle to boost productivity for the Colombian industries, as 53.1% of

employers report having difficulties in finding personnel in one or more positions in

their organizations. Specially individuals specialized in marketing and sales, tech-

nical positions and specialized operators.

All in all, we can conclude that the innovation activities in Colombian manufac-

turing show poor indicators since the sectors dominating the industry are operating

in low technology and therefore introduce very few innovations. Further, this poor

performance is also related to the fact that the R&D activities, especially investment

and hiring of skilled labour, are quite scarce for this country.

1.3.2 Innovation status

As aforementioned, in general we consider a firm as innovator if it fulfills this crite-

rion: a firm has obtained at least one new or significantly improved good or service

(product innovator), or has introduced a new or significantly improved method for
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providing services, production, distribution, delivery, or logistic systems in the firm

(process innovator). The fact that EDIT supplies the information about implemen-

tation of process and product innovations biannually conditions our definitions of

first-time process/product innovators.

We use the same procedure to define first time process innovators and first time

product innovators. Using EDIT, we have information to define four cohort of

first-time innovators (FTI): i) first-time innovators in 2009-2010: firm that declare

not having introduced any innovation in 2007-2008 (EDIT IV) but declare to have

implemented an innovation in 2009-2010 (EDIT V); ii) first-time innovators in 2011-

2012: firms that declare having implemented an innovation in the 2011-2102 period

(EDIT VI) and that do not have introduced any previous innovation since the first

year they are observed in the sample; iii) first-time innovators in 2013-2014: firms

that declare to have introduced an innovation in the 2013-2014 period (EDIT VII)

and that do not have implemented any previous innovation since the first year they

are observed in the sample; and, iv) first-time innovators in 2015-2016: firms that

declare to have introduced an innovation in the 2015-2016 period (EDIT VIII) and

that hat do not have implemented any previous innovation since the first year they

are observed in the sample. We consider non-innovators (NI) firms that do not have

introduced any innovation any of the years they are in the sample.

1.3.3 Productivity estimation

We assume that firms produce a homogeneous good using a Cobb-Douglas technol-

ogy:

yit = β0 + βllit + βkkit + βmmit + ωit + ηit (1.1)

where yit is the natural log of the production (in revenue terms) of firm i = 1, ..., N

in period t = 1, ..., T (in general T = Ti); lit is the log of labour; kit is the log

of capital; and, mit is the log of materials. As for the unobservables, ωit is the

productivity (not observed by the econometrician but observable or predictable by

the firm) and ηit is a standard i.i.d that is neither observable nor predictable by the
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firm. As for the timing assumptions for estimation, we can distinguish two types

of inputs: those that are chosen in the same period as they are consumed (free or

variable inputs, such as e.g. labour and materials) and those that are chosen before

the period they are consumed (fixed inputs, such as e.g. capital).3

Olley and Pakes (1992) show how to obtain consistent estimates of the production

function coefficients using a two-step procedure in which a single equation is esti-

mated in each step: the first one using OLS and the second one using linear GMM.

See also Levinsohn and Petrin (2003) and Frazer et al. (2006) for closely related es-

timation strategies. However, Wooldridge (2009) shows that the moment conditions

employed in these procedures can actually be jointly estimated by GMM. In the

resulting two-equation system specification, the first equation tackles the problem

of endogeneity of the non-dynamic inputs (i.e., the freely variable factors) whereas

the second equation deals with the law of motion of productivity. Next, we consider

these issues (i.e., equations) in detail.

First, the correlation between ωit and the free inputs complicates the estimation

of the production function (3.1) as it produces that the OLS estimation is biased,

Marschak and Andrews (1944). Further, Griliches and Mairesse (1995) show that

fixed effects and instrumental variables are also scarcely reliable. Olley and Pakes

(1992) (OP hereafter) use a control function approach to address this problem,

proxying the unobserved productivity with the investment demand. Levinsohn and

Petrin (2003) (LP hereafter), face the problem of lumpiness of investment using the

same approach, but they use the demand of materials. In both cases, the approach

relies on the assumptions that the proxy demand function, mit(·) has a single un-

observable among its arguments (scalar unobservable assumption); and, that it is

strictly monotonic in the unobserved productivity (monotonicity assumption). Fur-

ther, given that in equilibrium the demand of the proxy variable only depends on

state variables, following the LP approach we can write the demand of materials

as mit = mt (kit, ωit). Under the above assumptions, the demand of intermediate

materials can be inverted to generate:
3The variable capital is measured using the firm’s fixed assets deflated by the index of capital

goods produced and consumed, published by DANE. The implicit assumption is that it takes a full
time period for the new capital to be ordered, delivered, installed and become fully productive.
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ωit = m−1
i (kit,mit) = ht (kit,mit) (1.2)

Following a similar approach to De Loecker (2007), for export status, or Mañez

et al. (2013) for R&D status, we assume different demands of intermediate materi-

als for innovator and non-innovators. Innovators use different production processes

and/or produce new and singular products, which may potentially affect their op-

timal input demand choice. Further, considering different demands also helps to

correct for unobserved productivity shocks correlated to innovation status. Thus,

we rewrite the inverse demand function as:

ωit = ht (kit,mit) = 1 (non-inn)h0
t (kit,mit) + 1 (inn)h1

t (kit,mit, innit) (1.3)

where 1(non-inn) and 1(inn) are indicator functions that take value 1 for non-

innovators and innovators, respectively, and innit is a dummy variable taking value

1 if the firm i implements an innovation in year t. Then, substituting the above

function in (3.1) we get:

yit = β0+βllit+βkkit+βmmit+1 (non-inn)h0
t (kit,mit)+1 (inn)h1

t (kit,mit, innit)+ηit

(1.4)

where, given that h0
it and h1

it are assumed to be general functions of their arguments,

the parameters β0, βm and βk are not identified from equation (3.4). Rather, the

identification of these parameters is achieved in the second equation of the GMM-

system considered by Wooldridge (2009).

This second equation deals with the law of motion of productivity. Olley and

Pakes (1992) assume that productivity evolves according to the following exogenous

Markov process (see LP and Frazer et al. (2006) for a similar approach):

ωit = E [ωit|ωit−1] + ξit = f (ωit−1) + ξit, (1.5)

where here t = 2, 3, ..., T , f is an unknown function that relates productivity in t
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with productivity in t− 1, and ξit is an innovation term uncorrelated by definition

with kit.

However, both DeLoecker (2013) analysis of the effect of exporting on produc-

tivity and Doraszelski and Jaumandreu (2013) analysis of the effects of R&D on

productivity, stress the importance of endogeneizing the law of motion of produc-

tivity to allow firms’ past strategic decisions, as implementing or not innovations,

to affect future productivity. The argument is that an exogenous Markov process is

only appropriate when productivity shocks are exogenous, but not if future produc-

tivity is endogenously determined by firm choices. Thus, those analyses of the effects

of firms strategic decisions on productivity based on the residual of a production

function estimation that do not incorporate an endogenous Markov process suffer

from internal inconsistency, as they do not allow past firms’ strategic decisions to

affect productivity. Therefore, to explicitly allow past firms’ innovations to affect

current productivity, we reformulate equation (2.8) as:

ωit = E [ωit|ωit−1, innit−1] + ξit = f (ωit−1, innit−1) + ξit, (1.6)

Therefore, we can rewrite equation (3.1) using (3.5) as:

yit = β0 + βllit + βkkit + βmmit + f (ωit−1, innit−1) + ξit + ηit (1.7)

Then plugging ωit−1 = ht (kit−1,mit−1, innit−1) into equation (3.6), we get the

second equation of the model:

yit = β0 + βllit + βkkit + βmmit + f (ht (kit−1,mit−1, innit−1)) + ξit + ηit (1.8)

Therefore, the system of equations that identifies the parameters of interest (βl,

βk and βm) is:

yit = β0 + βllit + βkkit + βmmit + 1 (non-inn)h0
t (kit,mit) +

1 (inn)h1
t (kit,mit, innit) + ηit

(1.9)
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yit = β0 + βllit + βkkit + βmmit + 1 (non-inn) f
(
h0

t (kit−1,mit−1)
)

+

1 (inn) f
(
h1

t (kit−1,mit−1, innit−1)
)

+ uit

(1.10)

where uit = ηit + ξit.

In order to proceed to estimation, there are still two issues that need consider-

ation: first, the presence of the unknown functions h (·) and f (·); and, second, the

choice of instruments for the GMM estimation.

The usual approach to deal with the unknown functions h (·) and f (·) is to

approximate them using third degree polynomials. In mathematical terms:

ht (kit,mit) = 1(non-inn)h0
t (kit,mit) + 1(inn)h1

t (kit,mit, innit) =

= λ0 + 1(non-inn)c0 (kit,mit)λ1 + 1(inn)c1 (kit,mit, innit)λ2

(1.11)

where c0 (kit,mit) is a 1×Q0 vector of functions and λ1 is a vector of parameters of

the same dimension. Analogously, c1 (kit,mit, innit) is a 1 × Q1 vector of functions

and λ2 is a vector of parameters of the same dimension. As for the function f , we

assume

f(ω) = ρ0 + ρ1ωt−1 (1.12)

Using (2.12) and (2.13) we can rewrite the system of equations (1.9) and (1.10)

as:

yit = α0 + βllit + βkkit + βmmit + 1(non-inn)c0
itλ1 + 1(non-inn)c1

itλ2 + eit (1.13)

yit = η0 + βllit + βkkit + βmmit + ρ1
(
1(non-inn)c0

it−1λ1 + 1(non-inn)c1
it−1λ2

)
+ uit

(1.14)

where t = 2, ..., T in (2.15), c0
it and c1

it are third degree polynomial functions in their

respective arguments, α0 = β0 + λ0 and η0 = β0 + ρ0. Notice that β0, λ0 and ρ0 are

not independently identified.

With respect to the choice of instruments, a possible set for (2.14):
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zit(1) =
(
1, lit, kit, c

00
it , c

10
it

)
(1.15)

where c00
it and c10

it are c0
it and c1

it but without kit
4. As for the instruments for equation

(2.15), we may use

zit(2) =
(
1, kit, lit−1, c

0
it−1, c

1
it−1

)
(1.16)

Therefore, the matrix of instruments that we use in estimation is:

Zit =

 zit(1) 0

0 zit(2)

 (1.17)

However, it should be noted that since zit(2) does not include contemporaneous

values of l and m, all the instruments that are valid for equation (2.15) are also valid

for equation (2.14). Thus, an alternative matrix of instruments is:5

Zit =

 lit, c
0
it, c

1
it, zit(2) 0

0 zit(2)

 (1.18)

With all the above, we estimate the production function (3.1) for each of the

19 industries. Then, we use the estimates of the production function coefficients to

calculate the log revenue TFP of firm i at time t in industry j as:

The estimation of the production of the production function (3.1) for each of the

19 industries considered provides both estimates of the input elasticities at industry

level, and firm specific estimates as a residual. Estimates of the input elasticities

are shown in Appendix A1.

1.4 The empirical model.

To analyse the relationship between innovation and productivity, we will pursue a

three steps strategy. First, we will analyse if the more productive firms are those

who engage in innovation activities (either process or product innovation), i.e. the
4These are the instruments proposed by LP and OP for the first stage of their procedure.
5More than one period lags of

(
lit, c

0
it, c

1
it

)
are also valid instruments. Bear in mind, however,

that it is necessary to find a compromise between the number of instruments and the number of
observations lost for estimation.
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so-called self-selection hypothesis. Second, we will analyse if those firms that engage

in innovation activities obtain rewards, in terms of productivity, when undertaking

these activities, i.e. the returns-to-innovation (learning-by-innovating) hypothesis.

Finally, we will further analyse whether these innovation activities (process or prod-

uct innovation) are related at the firm level, studying the potential linkages between

them.

1.4.1 The self-selection hypothesis.

There are various factors that give grounds to the existence of a process of self-

selection of the more productive firms into the implementation of innovations. Very

likely, the central argument is that the investment associated to innovation activities

involve, at least partially, sunk cots. In general, Sutton (1991) considers that the

existence of indivisibilities in the innovation activities generate sunk costs that the

non-innovative firms do not have to incur. In developed countries, the establish-

ment of R&D departments, purchasing specific physical assets, hiring or training

a specialized workforce, collecting information on new technologies, and organiza-

tional changes or adjustments to new technologies are activities that generate high

expenditures that limit the access to innovation activities to many firms, and only

the most productive firms can afford them.6

For Colombian manufacturing, as for many Latin American countries, innovation

activities are more related with the adoption or acquisition of external innovations

rather than producing innovations internally, as occurs in developed countries, Pagés

(2010). Thus, many innovations in Latin American countries consist basically of

incremental changes with a minimal impact in international markets. Further, many

of them are the result of an imitation or copying process and/or technology transfers,

Crespi and Zuniga (2012). Nevertheless, as mentioned before, even in the case of

developing economies, there might still exist sunk costs (that are different from

those related with the traditional innovation activities). For instance, searching for

suppliers, customs procedures, contract formulation, taxation, searching for high
6Hall (2011), Mañez et al. (2013) or Rochina-Barrachina et al. (2010) among others, find evi-

dence of self-selection for developed countries.
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skill employees or transport activities, etc. Further, there are other reasons for the

existence of important costs, which seem more important for Latin America firms,

such as market volatility, precarious financial system, (Pagés, 2010) or longer periods

to recover the innovation investment (Demmel et al., 2013). All these point to the

hypothesis that only the most productive firms might deal with high expenditures,

face the uncertainty associated to innovation, have larger financial resources and

have access to financial markets.

To empirically test the hypothesis that the most productive firms in a previ-

ous period self-select into implementing (process or product) innovations in t, we

estimate the following probit model both for process and product innovations:

FTI type
it =



1 if βtype
0 + βtype

1 TFPit−2 + βtype
2 Sizeit−2 + βtype

3 Importit−2+

βtype
4 Exportit−2 + βtype

5 R&Dit−2 + µtype
s + µtype

t + εtype
it >= 0

0, otherwise

(1.19)

where the dependent variables (FTI type
it for type= process, product) takes value one

for first-time process (product) innovators in the period in which they implement a

process (product) innovation for the first time and value zero for non-process (non-

product) innovators, and also for the first-time process (product) innovators the

periods previous to that in which they introduce a process (product) innovation for

the first time. As explained in section 1.3.2, we observe four cohorts of first-time

process (product) innovators: first-time innovators in 2009-2010, first-time innova-

tors in 2011-2012, in 2013-2014, and in 2015-2016. For each of these cohorts we only

have information about whether the firm implemented at least a process (product)

innovation in each of the four bienniums considered, but we do not know the exact

year in which the innovation was actually implemented. This involves to take some

methodological decisions. Let us use as example the cohort of first-time innovators

in 2013-2014. In this biennium, we could have a first-time innovator either in 2013

or in 2014, i.e., the firm could have actually implemented the innovation in 2013

or in 2014. Therefore, if the dummy variable was set in 2013 for our probit model
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we could be considering as a first-time innovator a firm that has not implemented

any innovation yet. The alternative is to consider a firm as first-time innovator in

2014 if the firm has introduced an innovation in the biennium 2013-2014 (and so for

this firm we input a value of 1 to the dependent variable for the year 2014). In this

way, we ensure that the all first-time innovators in the biennium 2013-2014 have

introduced their innovation. This methodology implies that to test for self-selection

of the more productive firms into the implementation of innovations, we have to

lag productivity two periods to ensure that we are considering firm’s productivity

previous to the implementation of innovations for the first time. Using productivity

lagged one period, we would make the decision to innovate for the first time to de-

pend on simultaneous productivity and not on previous productivity for firms that

actually innovate the first year of the biennium.

In the probit model in which we model the probability of implementing a process

(product) innovations for the first time (equation 1.19), we also include as covariates

a vector of observed firm characteristics that could affect innovation, such as: firm

size (Size), export and import dummies (X and M , respectively), and, firm’s R&D

intensity (R&D, calculated as the ratio of R&D expenditures over sales). We lag

this vector of observed variables two periods using the same arguments explained

for lagging productivity. We also control for industry, µtype
s , and time effects, µtype

t .
7

In table 3, we report the estimates of equation (1.19) for process innovations.

We estimate four specifications. In the first one, in addition to our main variable

of interest (TFP ), we only control for firms’ size, and time and industry dummies.

In the second, we further include firm’s importing and exporting status. In the

third one, we control for firm’s R&D intensity but not form firm’s importing and

exporting status. Finally, in specification 4, we control both for firm’s import and

export status and firm’s R&D intensity.

Regardless of the set of controls included in estimation, our estimation confirms

the existence of a process of self-selection into the implementation of process innova-

tions (the estimate for TFPit−2 is positive and significant in all specifications). The
7Appendix B1 display the variables definition.

71



impact of past productivity on the probability of introducing process innovations

is remarkably stable across all specifications (around 0.05) which points that the

results are quite robust to different sets of controls. Therefore, this confirms the

existence of sunk costs related to the implementation of process innovations, as only

the most productive Colombian manufacturing firms can bear them.

Table 3: Self-selection in process innovations
Specification 1 Specification 2 Specification 3 Specification 4

TFPit−2 0.0492* 0.050* 0.0496* 0.050*
(0.028) (0.0283) (0.028) (0.028)

Sizeit−2 0.248*** 0.252*** 0.248*** 0.252***
(0.014) (0.016) (0.014) (0.016)

Xit−2 - 0.003 - 0.003
(0.044) (0.044)

Mit−2 - -0.029 - -0.029
(0.047) (0.047)

R&Dit−2 - - 0.015 0.015
(0.023) (0.023)

Constant -1.855*** -1.868*** -1.856*** -1.869***
(0.104) (0.108) (0.104) (0.108)

Y ear/Sector YES YES YES YES
N. of observations 17,856 17,856 17,856 17,856
Pseudo R2 0.1322 0.1322 0.1322 0.1323
Log-L -3,851.417 -3,851.221 -3,851.249 -3,851.045

Notes:
1. Robust standard errors are reported in parenthesis.
2. ***, **, * denote level of significance at 1%, 5% and 10%, respectively.

As for the controls, the estimate of firm’s size is positive and significant in all

specifications, so there is evidence that the bigger the firm, the greater the likelihood

of introducing process innovations. In emerging economies this points to the fact

that large firms might have better access to financial resources to buy technologies

or embodied technologies from abroad, as compared to small firms. Further, the

estimates corresponding to R&D intensity in different specifications turn out not to

be significant. Three possible explanations to this result are as follows: first, the

limited number of firms investing in these activities in local manufacturing (23.5%

on average for all industries); second, the important gap from the technological

frontier; and, third, the limited incentives to invest in these activities (Crespi et al.,

2016; Acemoglu et al., 2006). These findings are in line with those found for some
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countries in Latin America, such as Chile (Alvarez et al., 2010b) and Mexico (Pérez

et al., 2005b).

In table 4, we report the estimates of equation (1.19) for product innovations.

We estimate the same four specifications that we estimated for process innovations.

Again, we find evidence in favour of a process of self-selection of the more productive

firms into the implementation of product innovations (regardless of the specification

considered the estimate of TFPit−2 is positive and significant). As for the controls,

we confirm the existence of a direct relationship between firms’ size and the proba-

bility of implementing product innovations (Griffith et al., 2006; Benavente, 2002).

Interestingly, in those specifications including firm’s import and export status, the

estimates corresponding to the import status dummy is positive and significant.

This could be signalling that firms could be using the technology embodied in im-

ported intermediate inputs and/or using higher quality imported inputs to launch

new products into the market. This is a quite remarkable finding since, to the best

of our knowledge, it is the first empirical evidence of an import-innovation linkage

for an emerging economy (or at least for Latin America). As it happened for pro-

cess innovations, we do not find evidence supporting the capability of Colombian

manufacturing to transform R&D into product innovations (the estimates associ-

ated to lagged R&D in the different specifications are not significant). This finding

is in concordance with most empirical evidence found for Latin America about the

R&D-innovation linkage (Crespi and Zuniga, 2012).

It is important to note that the impact of previous productivity is higher for

product innovations than for process innovations for all specifications. This might

be related to the fact that the propensity to implement product innovations is higher

for Colombian manufacturing (and in general for firms in Latin America) and to the

high participation of capital goods and machinery in the firms’ total innovation

investment (Crespi and Zuniga, 2012).
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Table 4: Self-selection in product innovation.
Specification 1 Specification 2 Specification 3 Specification 4

TFPit−2 0.164** 0.155** 0.164** 0.155**
(0.078) (0.078) (0.078) (0.078)

Sizeit−2 0.239*** 0.205*** 0.239*** 0.205***
(0.040) (0.048) (0.040) (0.048)

Xit−2 - -0.091 - -0.092
(0.129) (0.129)

Mit−2 - 0.275** - 0.275**
(0.123) (0.123)

R&Dit−2 - - -0.002 -0.006
(0.099) (0.102)

Constant -3.344*** -3.137*** -3.344*** -3.136***
(0.273) (0.286) (0.273) (0.286)

Y ear/Sector YES YES YES YES
N. of observations 7,273 7,273 7,273 7,273
Pseudo R2 0.1196 0.1254 0.1196 0.1254
Log-L -367.751 -365.305 -367.751 365.302

Notes:
1. Robust standard errors are reported in parenthesis.
2. ***, **, * denote level of significance at 1%, 5% and 10%, respectively.

All in all, our findings are in line with those scarce studies found for Latin

America. Whereas there is evidence of self-selection only into the implementation of

product innovations for Brazil and Argentina (Chudnovsky et al., 2006; Raffo et al.,

2008), for Chile and Mexico (Alvarez et al., 2010a; Brown and Guzmán, 2014) there

is only evidence of self-selection into the implementation of process innovations. In

the particular case of Colombia, our findings are similar to those by Crespi and

Zuniga (2012); Crespi et al. (2016) Gallego et al. (2013), among others, since they

find evidence of self-selection for both types of innovations. However, their results are

not strictly comparable with ours, as the statistical methodology is different and they

do not consider an endogenous Markov process to estimate productivity, therefore

a direct comparison is not immediate. Nevertheless, there are more methodological

similarities with the empirical studies carried out for developed countries such as

Rochina-Barrachina et al. (2010) or Máñez Castillejo et al. (2005).
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1.4.2 Testing for the returns-to-innovation hypothesis.

A proper analysis of the possible positive effect of innovation on productivity should

consider that previous results in this paper suggest the existence of a process of

self-selection of the more productive firms into the implementation of both process

and product innovations. If selection into the implementation of innovations is

not random, but the more productive firms self-select into the implementation of

innovations, a simple comparison of the TFP growth of first-time innovators and non-

innovators, after the former start implementing innovations, does not allow assessing

whether the observed differences are due to self-selection or returns-to-innovation.

Ex-ante more productive first-time innovators (FTI)8 could show higher pro-

ductivity in the future even without introducing any innovation (either product or

process innovation). To properly control for the direction of causality from inno-

vating to productivity growth, we would need to compare the actual productivity

growth of FTIs after introducing innovations for the first time with the productivity

growth of the same firms should they have not introduced any innovation. The

problem is that we do not have information about the counterfactual situation (the

productivity growth of FTIs should they have not introduced any innovation). To

solve this problem, we use matching techniques to construct this counterfactual.

More formally, let ∆z denote the growth rate of TFP and Dit ∈ {0, 1} be an

indicator taking value 1 if the firm is a FTI and 0 if it is a non-innovator. We define

∆z1
i(t+s,t+s+1) as the TFP growth between t + s and t + s + 1 (with s ≥ 0) for firm

i classified as a first time innovator in t; and, ∆z0
i(t+s,t+s+1) as the TFP growth rate

for a firm i if it is a non-innovator. Therefore, the causal effect of implementing

an innovation for the first time, in terms of TFP growth from t + s to t + s + 1, is

defined by:

∆z1
i(t+s,t+s+1) −∆z0

i(t+s,t+s+1) (1.20)

Furthermore, on the basis of the policy/treatment evaluation literature (see
8For the sake of simplicity, all along the section devoted to explain how we perform the test

for the returns to innovation hypothesis, we use the general term of first-time innovators without
specifying process or product innovators. The procedures used to test the returns of process and
product innovations are identical.

75



Heckman et al., 1997), we may define the average effect of implementing an in-

novation for the first time on firms’ TFP as:

E
(
∆z1

i(t+s,t+s+1) −∆z0
i(t+s,t+s+1)|Dit = 1

)
=

E
(
∆z1

i(t+s,t+s+1)|Dit = 1
)
− E

(
∆z0

i(t+s,t+s+1)|Dit = 1
)

(1.21)

The main problem for causal inference in observational studies is that the coun-

terfactual for first-time innovators (i.e. the average TFP growth rate of first time

innovators would have experienced if they would not have implemented any inno-

vation, ∆z0
i(t+s,t+s+1)) is not observed, and thus one needs to produce it. We solve

this issue using matching techniques to identify, among the pool of non-innovators

in t, those with a distribution of observable variables in t− 2 (Xt−2) affecting both

productivity growth and the probability of implementing an innovation, as similar as

possible to the distribution of first-time innovators. Therefore, one can then assume

that, conditional on observable variables, firms with the same characteristics are

randomly exposed to the event of implementing an innovation. Therefore, equation

(1.21) can be replaced by,

E
(
∆z1

i(t+s,t+s+1)|Xit−2, Dit = 1
)
− E

(
∆z0

i(t+s,t+s+1)|Xit−2, Dit = 0
)

(1.22)

If one considers that the vector of variables that might have an effect on firms’

probability of implementing an innovation and their TFP growth is substantially

large, one faces two issues that should be solved: first, the choice of the set of

relevant variables to match firms; and, second, the appropriate weights if one is

interested in building an index from these variables.

Rosenbaum and Rubin (1985) proposed using propensity score techniques to

overcome these problems. The propensity score is a method that synthesizes all the

information conveyed by the vector of variables that potentially affect the probability

of becoming a first-time innovator into a scalar that is the predicted probability of
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implementing an innovation for the first time. Applied to our particular problem, the

most relevant feature of the propensity score method is that it may be shown that

if the probability of becoming a first time innovator is random conditioning upon

a vector of observable variables X, it is also random conditioning on the predicted

probability of becoming a first time innovator. Therefore, propensity score matching

involves two steps. In the first step, we obtain the propensity score as the predicted

probability of the following probit model:

P (Dit = 1) = Φ (Xit−2) (1.23)

To guarantee that E
(
∆z0

i(t+s,t+s+1)|Dit = 0
)
is a good counterfactual for

E
(
∆z0

i(t+s,t+s+1)|Dit = 1
)
, one needs to assume that the conditional independence

assumption holds. This implies assuming that all relevant differences between first-

time innovators (treated group) and non-innovators (control group) are captured by

the set of observable firms’ characteristics included in the calculus of the propensity

score. This assumption also implies that, conditional on the vector of observables X,

the potential productivity growth in case of not implementing an innovation for the

first time does not depend on the treatment assignment between being a first-time

innovator or a non-innovator.

Our vector of observables in the probit regression includes productivity, size (as

measured by the number of employees), firm’s capital, imports and exports dummies,

an R&D performance dummy, and a labour qualification variable (as measured by

the proportion of skilled workers).9

Including previous productivity in the vector of observables intends controlling

for the self-selection of the ex-ante most productive firms into the implementation of

innovations, and, according to Mañez et al. (2013), it greatly contributes to reduce

the problem of observational equivalence.10 It is worth to note that in our analysis of
9We also include a set of industry-year dummies. The estimates of the probit models used to

estimate the propensity score can be found in in Appendix C1.
10Further, including lagged TFP to calculate the propensity score "strengthens causal effect

identification strategy, as the TFP measure captures all (firm) specific unobservable factors that
could be generating additional productivity gains, conditional on inputs and inputs shares", see
Mañez et al. (2013), page 1389.
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the returns to innovation, we can only use the 2009-2010, 2011-2012 and 2013-2014

cohorts of first time innovators (as defined in section 1.3). We cannot consider the

cohort of first-time innovators in 2015-2016 as we do not have data to calculate the

TFP growth rate.

In the second step, we construct the counterfactual for the second term in (1.21)

using the nearest neighbors matching procedure. This procedure matches first-

time innovators with an average of the k non-innovators with the closest propensity

score. Therefore, if we aim to obtain an estimate of the extra productivity for first-

time process innovators for period t + s to t + s + 1, we will compare the average

productivity growth of first-time process innovators and the average productivity of

the matched non-innovators (counterfactual for the unobserved productivity growth

that first-time process innovators would have experienced had they not implemented

innovations).

At this point is necessary to make some methodological remarks. Given the

structure of the Colombian innovation survey (and most innovation surveys), we

only know whether the firm introduced an innovation in a given period of two years,

but we do not know the exact year in which the innovation was actually implemented.

This implies to take some relevant decisions regarding the calculation of the rate of

growth of first-time innovators.

Let us use as example the cohort of first-time innovators in 2009-2010, for which

we know that they implemented an innovation in the two-year period 2009-2010,

but we do not know in which of the two years. In order to test for the returns to

innovation, we could consider 2009 as the first year to calculate the rate of growth of

productivity. However, not all firms would have introduced an innovation in 2009,

as some of them might have implemented their innovations in year 2010. Therefore,

we would be mixing data of firms that have implemented innovations and firms that

have not implemented them. A second alternative, that is the one we use, is to

consider 2010 as the first year to calculate the rate of growth of productivity. This

alternative ensures that all first-time innovators have introduced their innovations,

and so we are calculating rates of growth that should be affected by the introduction

of innovations. The result of using this procedure to calculate the TFP rates of
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growth, is that for the cohort of first-time innovators in 2009-2010, we can calculate

∆z0−1 (the rate of growth of productivity for 2010-2011), ∆z1−2 (the rate of growth

of productivity for 2011-2012), ∆z2−3 (the rate of growth of productivity for 2012-

2013), ∆z3−4 (the rate of growth of productivity for 2013-2014), ∆z4−5 (the rate of

growth of productivity for 2014-2015) and ∆z5−6 (the rate of growth of productivity

for 2015-2016).

However, due to data availability, for the cohort of first-time innovators in 2011-

2012, we are able to calculate ∆z0−1 (the rate of growth of productivity for 2012-

2013), ∆z1−2 (the rate of growth of productivity for 2013-2014), ∆z2−3 (the rate of

growth of productivity for 2014-2015) and ∆z3−4 (the rate of growth of productivity

for 2015-2016). Finally, for the cohort of first-time innovators in 2013-2014 we can

only obtain ∆z0−1 (the rate of growth of productivity for 2014-2015) and ∆z1−2 (the

rate of growth of productivity for 2015-2016).

Finally, not having data after 2016 prevents from calculating any growth rate for

first-time innovators in 2015-2016. As for the growth rate of non-innovators (firms

that do not implement any innovation over the years they are in the sample), we

measure its growth rate of productivity as their average growth rate over the years

they are in the sample. In order to test for the existence of returns to innovations

with a minimum number of observations that ensure the reliability of our results,

we use matching techniques to compare the growth rate of first-time innovators and

the corresponding matched non-innovators for the periods t to t + 1 (∆z0−1), t + 1

to t+ 2 (∆z1−2), t+ 2 to t+ 3 (∆z2−3) and t+ 3 to t+ 4 (∆z3−4).11

In Table 5, we show the main results. Column 3 displays the extra productivity

growth (EPG) for first-time innovators. We provide EPG estimates for the periods

t+s and t+s+1 with s=0,. . . ,3 to analyse EPG persistence for first-time innovators.

Both process and product innovations produce an extra productivity growth

for first-time process innovators/first-time product innovators over non-innovators.

Also, both for first-time process innovators and for first-time product innovators,

the effect of starting to innovate on productivity is not immediate but it arises with
11The number of first-time process (product) innovators for which we can calculate rates of

growth of productivity beyond ∆z3−4 is too small. Therefore, we refrain from extending our
analysis beyond the comparison of ∆z3−4 for first-time innovators and matched non-innovators.
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some lag: one year in the case of first-time process innovators, and two years in the

case of first-time product innovators. Furthermore, the extra productivity growth

stemming from introducing either a process or a product innovation for the first

time only lasts one year. Thus, first-time process innovators obtain a 3.9% extra

productivity growth (over non-innovators) from t+1 to t+2; and, first-time product

innovators are rewarded with a 5.2% extra productivity growth from t+ 2 to t+ 3.

Therefore, our results should be considered as evidence in favour of the hy-

pothesis of returns to innovation: both the implementation of process and product

innovations results in an extra productivity growth for the firms implementing the

innovations. Furthermore, it is important to note that this extra productivity growth

is not immediate but happens with some lag, and it only lasts one period.12

Table 5: Returns to innovations.
Process innovations

Observations Period EPG s.e.

1,771 (26,607) t/t+ 1 -0.002 0.010
1,373 (20,364) t+ 1/t+ 2 0.039* 0.022
1,282 (15,524) t+ 2/t+ 3 0.001 0.009
997 (11,723) t+ 3/t+ 4 -0.008 0.017

Product innovations
Observations Period EPG s.e.

284 (24,264) t/t+ 1 0.002 0.030
227 (17,845) t+ 1/t+ 2 0.039 0.083
212 (15,713) t+ 2/t+ 3 0.052** 0.022
197 (11,737) t+ 3/t+ 4 0.029 0.041

Notes:
1. EPG stands for extra productivity growth of first-time process
(product) innovators over matched non-innovators.
2. Standard errors have been calculated using. Abadie and Imbens
(2006) correction.
3. In the observation column, we report the number of first-time
process (product) innovators and the number of control observations
in parentheses, imposing common support.
4. s.e. stands for standard errors.
5. ***, ** and * indicate significance at the 1%, 5% and 10%,
respectively.

12Similar results have been found in Spain under propensity score matching techniques for process
innovations (Mañez et al., 2013), where the EPGs are close to 4.5% in the period t/t+ 1. Further,
they also obtain that in the remaining periods the effects are not significant, as we obtain for the
Colombian case.

80



The scarce duration of the extra productivity growth enjoyed by FTI, could be

related to the fact that the innovations introduced by most Colombian manufactur-

ing firms are low-impact innovations. They mainly consist of embedded technologies

in machinery/equipment or are the result of copying or imitating other firms. This

may also reflect problems of appropriability of the knowledge created in Colombia.

Similar empirical studies for developing countries are pretty scarce. However,

our results can be compared with a previous study for Latin America carried out by

Demmel et al. (2013) using a similar methodology. They found that upper-middle

income countries, such as Argentina and Mexico, obtain returns to innovation in

terms of productivity for all innovation types; but, they do not find evidence for

innovation rewards in the lower-middle income countries, such as Colombia and

Peru, neither for process nor for product innovations.

1.4.3 Quality of the matching analysis

There exist various approaches to assess whether, when conditioning on the propen-

sity score, the matching procedure balances the distribution of the relevant vari-

ables both for process (product) innovators and matched non-innovators. Following

Sianesi (2004), we show in Table 6 as matching quality indicators the pseudo R2 and

a test of joint significance. Additionally, we also report, following Rosenbaum and

Rubin (1985), the median absolute standardized bias before and after the matching.

More specifically Sianesi (2004) proposes re-estimating the propensity score us-

ing only the matched sample (i.e. only first-time process (product) innovators and

matched non-innovators) and comparing the pseudo R2 before and after the match-

ing. The probit pseudo R2 measures the ability of the covariates (X) to explain the

probability of introducing a process (product) innovation for the the first time. Since

after the matching, we should not observe systematic differences in the distribution

of the covariates between first-time process (product) innovators and matched non-

innovators, the pseudo R2 of a probit performed on the matched sample should be

quite low. It is possible to observe in Table 6 that both for process and product

innovations the pseudo R2 corresponding to the probit regressions using just the

matched sample are quite small (the highest one is 0.005).
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Furthermore, Sianesi (2004) suggests evaluating the quality of the matching com-

paring a joint significance test of the probit regressors before and after the matching.

If the propensity score properly balances the samples of first-time process (product)

innovators and non-innovators, the null of non-significance of the regressors should

be rejected before the matching but it should not be after the matching. As shown

in Table 6, this is the result that we obtain both for process and product innovations.

A third statistic that we use to evaluate the distance in marginal distributions of

the X variables is the median bias. This bias refers to the mean standardised bias

before and after the matching, and it is calculated over all regressors (see Rosenbaum

and Rubin, 1985). For a regressor Xi, the standardised difference before matching

is the difference of the sample means of first-time process (product) innovators and

non-innovators as a percentage of the square root of the of the average of the sample

variances from the two samples (first-time process (product) innovators and non-

innovators, respectively). We calculate the standardised difference after matching

in the same way but just using the corresponding values for the matched samples.

As shown in Table 6 our matching procedure produces a substantial reduction of

the standardised bias. 13

All in all, we believe that is reasonable to say that our matching procedure per-

forms quite well, as it ensures that the propensity score distribution is not different

between first-time process (product) innovators and non-innovators.

1.4.4 The links between process and product innovations.

After studying the self-selection and returns-to-innovation hypotheses, in this sec-

tion we analyze the firm’s joint decision to implement process and/or product in-

novations. We will not focus on first time innovators but will consider all firms

implementing both types of innovations. When studying this joint decision, we will

account for sunk/continuation costs associated to this decision.

We will consider that a firm will implement a process and/or product innova-

tion in year t whenever the current increase to gross operating profits associated
13One potential problem in interpreting the standardised approach is that there is no clear

indicator of the success of the matching procedure
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Table 6: Quality of the matching analysis.
Process Innovation Product innovation
Before After Before After

(a) Probit pseudo R2a

t/t+1 0.105 0.000 0.105 0.002
t+1/t+2 0.119 0.000 0.099 0.004
t+2/t+3 0.115 0.000 0.094 0.005
t+3/t+4 0.131 0.000 0.081 0.003
(b) p>chi2 (LR test of joint significance
of the coeffcients in the Probit regression)b

t/t+1 0.000 0.941 0.000 0.991
t+1/t+2 0.000 1.000 0.000 0.945
t+2/t+3 0.000 0.890 0.000 0.905
t+3/t+4 0.000 1.000 0.000 0.966
(c) Median bias in the probit regressionc

t/t+1 32.100 1.000 66.200 5.200
t+1/t+2 35.300 0.100 65.500 9.200
t+2/t+3 34.800 0.900 66.400 7.400
t+3/t+4 36.700 1.000 59.200 6.000

Notes:
a Probit pseudo R2 for process (product) innovators before the matching and in matched samples (after
matching).
b p > χ2 is the p-value after the matching. This a test of the joint hypothesis that the the regressors are
jointly non signficant, i.e., that they are well balanced in the two samples.
c Median bias refers to the median standardised bias before and after the matching.

with that decision plus the discounted expected future returns in year t exceed the

sunk/continuation costs. The existence of such costs implies that firm’s current

innovation strategies (process or product) depend on past respective choices.14

Our empirical model of the joint likelihood of implementing process and product

innovations will be specified in terms of the lagged innovation status (in both im-

plementing process and product innovations) and a reduced-form group of variables

proxying for the payoffs to each activity and, hence, firms’ capabilities to push their

expected profits above sunk entry/continuation costs. It should be noted that in

this framework, the lagged innovation status estimate could be capturing sunk costs

but also path dependency (those firms that innovate in the past are more likely to

innovate today) and learning effects. When we talk about learning effects, we refer

to learning-by-doing, learn-to-learn and dynamic increasing returns processes that
14See for example Sutton (1991), Aw et al. (2011), or Manez et al. (2009), for a framework on

the estimation of sunk costs for firms’ export and/or R&D decisions.
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characterize firms’ innovation activities.

Therefore, we estimate a dynamic panel data discrete choice model for the deci-

sions to implement a process and/or product innovation, in which the choice prob-

abilities in year t are conditioned on the previous vector of state variables for that

year:

Processit =



1 if θprc
0 Processit−2 + θprc

1 Productit−2 + βprcZprc
it−2 + γ̄prc

i0 Prcio + µprc
t

+sprc
j + εprc

it 0

0 otherwise
(1.24)

Productit =



1 if θprd
0 Productit−2 + θprd

1 Processit−2 + βprdZprd
it−2 + γ̄P rd

i0 Prdio + µprd
t

+sprd
j + εprd

it 0

0 otherwise
(1.25)

where θ0 identifies the sunk/continuation costs and possible path dependence or

learning effects; θ1 captures the impact of introducing a process (product) innovation

in the past on the likelihood of introducing a product (process) innovation today.

Zit−2 is a vector of control variables that accounts for TFP15, size, R&D intensity and

whether the firm exports and imports, variables that might affect firm’s expected

returns to implement process and product innovations; µt is a vector of year dummies

and sj is a vector of industry dummies. Finally, εit is an error term that we assume

has two components, a permanent firm-effect and a transitory component. Our

estimation methodology will consider the potential simultaneity of the two firm’s

decisions through the estimation of a bivariate probit, in which we also account for
15We include TFP to consider a process of self-selection/continuation of the more productive

firms into implementing process and/or product innovations. TFP has been calculated by industry
using the method proposed by Wooldridge (2009). This method has been modified to consider an
endogenous Markov process for the law of motion of productivity that allows current productivity to
depend on past process and product innovations, see Mañez et al. (2013), for a detailed explanation.
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correlated individual effects.16

It is important to note that we consider possible cross effects between types of

innovations (the estimates of θprc
1 and θprd

1 will capture these effects). We aim to

account for the possibility that product (process) innovation experience might fos-

ter implementing process (product) innovations. For many firms, once they start

innovating (either process or product), they take advantage of the knowledge ac-

quired, in any of the innovations they implement, to get involved in other types of

innovation. We propose two channels to describe this process.

On the one hand, firms enjoy a learning process since they have gained experi-

ence in several aspects such as: the acquisition of innovations abroad (mainly for

emerging economies), by the investment and management of R&D laboratories, by

hiring skilled labour, through managing the legal regulations associated with obtain-

ing new knowledge, and innovation marketing, among others. On the other hand,

as explained in Mantovani (2006), the firm invests in process (product) innovations

and then compares the profitability with the investment in product (process) innova-

tions. This decision is taken under two criteria: the relative efficiency of innovating

in process (product) vs. product (process) and the expansion of the market in the

presence of cost reductions. That is, the first criterion compares the costs of imple-

menting the different innovative activities and the second considers the role of the

initial conditions in making that decision.

Further, we consider the role of international trade on the firms’ decision to

undertake innovation activities. For that reason, we include past imports of in-

termediates and output export experience in the analysis. Following Aghion et al.

(2018), firms’ previous exporting activities might enhance their market scope and

this may foster innovation. In the case of imports, these activities allow firms to ob-

tain product innovations from abroad embodied in machinery or equipment (Crespi

and Zuniga, 2012), especially in developing countries. Further, importing also im-

plies that firms would need to implement/improve some process innovations in order

to have access to foreign suppliers.
16We will control for correlated unobserved firm’s heterogeneity using the fixed effects approach

developed by Blundell and Bond (1998) and Blundell et al. (2002).
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Since we do not observe firms’ process and product innovation choices before

they appear in the dataset for the first time, we might have an “initial conditions”

problem. To solve this problem, we control for correlated unobserved individual het-

erogeneity using the fixed effects approach developed by Blundell and Bond (1998).

Blundell et al. (2002). Following their approach, the initial values of the dependent

variable (process and product innovations Prcio ; Prdio) are sufficient statistics for

the unobserved fixed effects.17 Finally, it is worth to mentioning that we consider

simultaneously the two innovation decisions at the firm level. For that reason we use

a bivariate probit model assuming correlated error terms between the two equations.

Table 7 shows the estimates obtained from estimating the two equations using

a biprobit model. To compare the incidence of unobserved fixed effects we consider

two specifications: in the first one, we do not include pre-sample means of the

dependent variables; and, in the second one, to control for (the potential) initial

conditions problem we include pre-sample means of the dependent variables. As

it is possible to observe in Table 7, including pre-sample means of the dependent

variables to control for unobserved heterogeneity results in a small reduction of the

estimates of the explanatory variables although none of them changes sign or losses

significance.
17Blundell and Bond (1998) suggest that the permanent effects might be captured by the entry

pre-sample means of the dependent variables.
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Table 7: Biprobit estimation of product and process innovators
Specification 1 Specification 2

Process Product Process Product
Processit−2 0.589*** 0.295*** 0.559*** 0.264***

(0.023) (0.046) (0.023) (0.047)
Productit−2 0.272*** 0.599*** 0.249*** 0.522***

(0.051) (0.069) (0.052) (0.070)
TFPit−2 0.035* 0.077** 0.030* 0.084**

(0.021) (0.035) (0.021) (0.036)
Sizeit−2 0.221*** 0.224*** 0.210*** 0.202***

(0.009) (0.002) (0.010) (0.021)
Xit−2 0.088*** 0.178*** 0.083*** 0.161***

(0.025) (0.056) (0.025) (0.057)
Mit−2 0.050** 0.339*** 0.045** 0.331***

(0.026) (0.054) (0.026) (0.056)
R&D intensityit−2 0.026 0.034 0.027 0.037

(0.027) (0.058) (0.027) (0.057)
Prcio 0.232***

(0.022)
Prdio 0.373***

(0.057)
Y ear/Sector YES YES YES YES
Constant -2.214*** -3.365*** -2.219*** -3.354***

-0.068 -0.131 -0.068 -0.137
Observations 30,119 30,119
Log-L -12136.482 -12055.846
RHO 0.425*** 0.415**

(0.025) (0.025)
Wald test rho=0
Chi(2) 288.677 214.683
p-value 0.000 0.000

Notes:
1. Robust standard errors are reported in parenthesis.
2. ***, **, * denote level of significance at 1%, 5% and 10%, respectively.

Our results show that the estimated coefficient for lagged process (product) in-

novation, (θ̂prc
0 , θ̂prd

0 ), in the process (product) equation is positive and statistically

significant (regardless of specification considered) which provides evidence of high

persistence in the implementation of process (product) innovation activities; i.e.,

past experience in implementing a process (product) innovation affects positively

the current probability to implement process (product) innovations. Further, the

size of these estimates does not change much when we include in estimation pre-
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sample means of the dependent variable. As pointed out above, this persistence in

the implementation of process/product innovations could be due to existence of sunk

costs related to the introduction of process/product innovations (once a firm over-

comes the initial sunk costs associated to implement a process/product innovation

for the first time, to continue implementing them may result much easier), path-

dependence and learning effects (in our set up we are not able to distinguish among

these alternative explanations which are not necessarily exclusive). It is also impor-

tant to remark, that our estimates suggest that persistence on the implementation

of process innovations is more intense than on the implementation of product inno-

vations (both in specifications 1 and 2, the estimate corresponding to lagged process

innovation in the process innovation equation is larger than that corresponding to

lagged product innovation in the product innovation equation). Furthermore, the

role of persistence is reinforced by the initial conditions (pre-sample means of the de-

pendent variables) that capture the permanent impact through the firm’s individual

effects. As far as we know, this result is the first empirical evidence on innovation

persistence (in process and product innovation activities) for Colombian manufac-

turing; since the scarce related literature is focused in analysing self-selection and

learning by innovating using a CDM framework.

A second important result is related to the existence of cross effects between

process and product innovations. In fact, the estimated parameters associated with

cross lagged product and process innovations (θ̂prc
1 , θ̂prd

1 ) in the process and product

equations are positive and statistically significant. This indicates that undertaking

one of the innovations activities increase the probability of undertaking the other

one; i.e., firms introducing product innovations today, have a higher probability to

implement process innovations in the future and vice versa. Furthermore, the feed-

ing effects of past process innovations on the likelihood of implementing product

innovations is larger than those of past product innovations on the probability of

implementing process innovations. A possible explanation could be that introducing

productivity enhancing process innovations improves the competitiveness of Colom-

bian manufacturing firms and allows them to generate the necessary resources to

implement product innovations.
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As regards the control variables, our estimations show evidence of self-selection

/continuation of the more productive firms into the implementation of process and

product innovations. The estimated parameters associated with lagged TFP are

positive and significant for both type of innovations regardless on whether we control

for initial conditions. However, the impact of past productivity on current likelihood

of innovation seems to be greater for product innovation than for process innovations

(the estimates of TFPt−2 in the product innovation equation about 0.08 are larger

than those in the process innovation equation about 0.03).

As for the impact of firms’ internationalisation strategies, our estimates confirm

that both past experience importing intermediates and exporting have a positive

impact on the likelihood of implementing process and product innovations. In-

terestingly, whilst the positive impact on the likelihood of implementing process

innovation is larger for exporting than for importing, for product innovations the

opposite is true.

If we consider that Colombia is an emerging economy, the higher impact of ex-

porting on the probability of implementing process innovations could be related to

the need of adopting productivity enhancing (cost reducing) process innovations that

may allow Colombian manufacturing firms to remain competitive in international

markets. 18 As for the higher impact of importing intermediates in the probability

of implementing product innovations it could be signalling that importing interme-

diates grants access to Colombian manufacturing firms to a wider range of (very

likely) higher quality inputs that eases the introduction of product innovations.

Our estimates also suggest that firms’ size has a positive effect both on the

likelihood of introducing process and product innovations. The linkages between

innovation and firm size are many in emerging economies: lower average fixed costs,

economies of scope and diversification in R&D activities, and a better appropriation

of spillover effects (Crespi and Zuniga, 2012). The lack of significance of the past

R&D intensity estimate is unsurprising, since in an emerging country as Colom-

bia, firms’ innovations could be related to firms’ informal innovation activities not
18It should be considered than price and so cost is a crucial determinant in the exports of an

emerging country like Colombia
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necessarily caught by firms’ R&D expenditure.

Finally, as we consider simultaneously both firms’ product and process innovation

decisions, at the bottom of the Table 7 we report the Wald test for the correlation of

these activities. We strongly reject the null of no correlation between the error terms

of the process and product innovation equations in the two biprobit specifications

(with p-values=0.000). Therefore, the joint estimation of the two equations is the

correct estimation strategy.

All in all, we can point out that process and product innovations are two closely

related activities strategies within the firm. They are also influenced by other vari-

ables such as productivity, exports and imports. In this sense, previous productivity

of the firm boosts the probability of implementing product and process innovations

in the future. Moreover, import and export activities foster firm’s innovations,

which implies that the recent international trade liberalization in Colombia could

contribute to technology diffusion and innovation.

1.5 Concluding remarks

This article has analyzed the relationship between innovation and productivity for

the Colombian manufacturing industry by exploring: the hypotheses of self-selection

and learning by innovating, and the linkages between process and product inno-

vations. For this purpose, we have introduced the innovation experience in the

Markov process to estimate firm’s productivity, using De Loecker (2010) approach

and Wooldridge (2009) estimation procedure. We based our estimates in three dif-

ferent econometric methods: probit model, propensity score matching and bivariate

probit model.

Our main empirical results may be summarized as follows: i) we find evidence

that the most productive firms self-select into implementing process and/or product

innovations in the future; ii) We also find that the most innovative firms (in prod-

uct and/or process) increase their future productivity (returns to innovation) but

only in one period. Hence, there is evidence of self-selection but we find weak evi-

dence of learning by innovating in Colombian manufacturing; iii) There is a strong
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link between product and process innovation, since there are a high persistence and

complementarity in both activities; and, iv) Other results show that the most pro-

ductive, larger and internationalised firms increase the likelihood to introduce both

process and product innovations.

In spite of the low proportion of innovative firms, the low expenses in R&D

activities, the small proportion of qualified employees and the scarce contact with

international markets, implementing process and product innovations play an im-

portant role in the Colombian manufacturing industry. In fact, not only because

they cause and affect future performance of the firms, but also because there ex-

ists a two-way relationship between process and product innovations, which implies

that a firm implementing only process (product) innovations can boost its perfor-

mance through product (process) innovations. This is quite important in emerging

economies due to the predominance of process innovations over product innovations.

With all of the above, we consider that there is a high potential in the local

industry as a source of economic growth despite the poor indicators of innovation.

The processes of self-selection and learning by innovating exist and can even be

stronger and achieve greater impacts in the economy if the policy on innovations is

correct. In this sense, we recommend increasing the amount of public resources to

boost innovations, reinforce the system of patent protection and offer credit facilities

in private banking, especially to SMEs in order to allow them to acquire new and

better technologies. This will improve their productivity and competitiveness in

national and international markets. And equally important, to convince small en-

trepreneurs of the advantages of introducing innovations in the productive processes

for the future performance of the firm.
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Appendix

A1. Input elasticities

Sector Labor Capital Materials Obs. sector
Food/Beverages 0.208*** 0.068*** 0.752*** 11,050
Manufacture of textiles 0.316*** 0.052*** 0.583*** 8,280
Tanning and Leather 0.276*** 0.042*** 0.713*** 2,321
Wood 0.205*** 0.085*** 0.728*** 1,167
Paper 0.200*** 0.084*** 0.747*** 1,028
Publishing 0.324*** 0.097*** 0.516*** 3,722
Coking of refined petroleum 0.088*** 0.078*** 0.829*** 314
Chemical 0.274*** 0.054*** 0.710*** 5,397
Rubber and Plastic 0.257*** 0.045*** 0.708*** 5,095
Non-Metallic Mineral Products 0.214*** 0.111*** 0.748*** 2,832
Metallurgical Products 0.289*** 0.043*** 0.756*** 1,105
Metal products 0.293*** 0.096*** 0.583*** 4,584
Machinery and equipment 0.365*** 0.064*** 0.569*** 3,679
Manufactures of Office 0.542*** 0.185** 0.373*** 83
Machinery and Electrical Appliance 0.188*** 0.054*** 0.749*** 1,197
Instrument Making Medical 0.526*** 0.074** 0.498*** 542
Motor Vehicles 0.242*** 0.053*** 0.743*** 1,295
Ships and boats 0.166*** 0.069** 0.702*** 290
Furniture 0.237*** 0.055*** 0.706*** 4,624
Total Observations 76,031

Note:1. ***, **, * denote level of significance at 1%, 5% and 10%, respectively.
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B1. Variables definition

Variable Definition

FTI
First time innovator. A firm that declares to have introduced
an innovation in that period and not having implemented any
innovation since the first year it was observed in the sample.

TFP Logarithm of total factor productivity
Size Logarithm of number of employees.

Export (X) Dummy variable that takes the value of 1 if the firm exports
output in the current period t, and 0 otherwise.

Import (M) Dummy variable that takes the value of 1 if the firm imports
intermediates in the current period t, and 0 otherwise.

R&D Ratio of R&D expenditures over sales

Process Dummy variable that takes the value of 1 if the firm obtain
a process innovation in the current period, and 0 otherwise.

Product Dummy variable that takes the value of 1 if the firm obtain
a product innovation in the current period, and 0 otherwise.

Process pre-sample mean
( ¯Prcio)

Mean of process innovations in the years 2007-2009.

Product pre-sample mean
( ¯Prdio)

Mean of process innovations in the years 2007-2009.

Year dummies Dummy variables taking value 1 for the corresponding year,
and 0 otherwise.

Industry dummies Industry dummies accounting for 19 industrial sectors of the
OECD classification.
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C1. Probit models for propensity score

First-time process innovator First-time product innovators
TFPit−2 -0.009 -0.033

(0.020) (0.032)
Sizeit−2 0.197*** 0.172***

(0.019) (0.037)
Capitalit−2 0.037*** 0.022***

(0.011) (0.226)
Xit−2 -0.012 0.044

(0.037) (0.065)
Mit−2 -0.064 0.194***

(0.041) (0.066)
R&D dummyit−2 0.701*** 0.414***

(0.034) (0.053)
Skilled labourit−2 -0.033 0.18

(0.351) (0.231)
N of Observations 28,391 24,551
Pseudo R2 0.227 0.177
Log-L -5147.359 -1285.23

Notes:
1. Robust standard errors are reported in parenthesis.
2. ***, **, * denote level of significance at 1%, 5% and 10%, respectively.
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Essay 2

Imports and exports in Colombian

manufacturing

Abstract

This chapter analyses the dynamic linkages between firms’ imports of intermediates

inputs and exports for Colombia, an emerging economy. We use data for Colombian

manufacturing firms from the Annual Manufacturing Survey spanning 2007-2016.

We pay special attention to the identification of direct and indirect effects of past im-

porting/exporting experience on the likelihood of exporting and importing interme-

diates. We understand by indirect effects those that firms accrue from past exporting

and importing intermediates experience to the probability of exporting/importing

intermediates through increased productivity. Further, we analyse both within ex-

porting effects and cross effects of exporting on importing; and, within importing

effects and cross effects of importing on exporting. Finally, we quantify the role

of sunk costs and learning in explaining exporting and importing experience. The

estimation results suggest the relevance of both direct and indirect effects (direct

and cross) to explain firms’ exports and imports of intermediates decisions.
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2.1 Introduction

The recent evolution of firms’ imports of intermediate inputs and exports in the

Colombian manufacturing industry shows a particular behaviour, as the evolution

over time of both activities is quite similar since the beginning of new millennium.

In fact, the expansions and contractions of exports and imports of intermediates

always show a high degree of synchronicity and the rates of growth are not much

different. In a recent study, Elliott et al. (2019) also find that Chinese exporting

and importing firms show similar behaviours and figures.

According to DANE (the Colombian Institute of Statistics), before the outbreak

of the Great Recession, between 2000 and 2008, the average annual growth rate for

exports and imports was about 16.8% and 14.4%, respectively. This growth has

been usually attributed to the free trade agreements signed with the United States,

the European Union and China. The Great Recession severely hit exports and

imports, the annual rate of growth of exports and imports fell to 10.7% and 7.1%,

respectively. After, a brief recovery in the years 2010 and 2011, in which growth rates

hiked to 32.1% for exports and 28.5% for imports, the Colombian manufacturing

has experienced a marked decrease of both exports and imports (between 2012 and

2018 the average rate of growth was, -9.8% and -3.1%, respectively). This fall is

explained by the process of import substitution and the recession in the Colombian

economy.

Furthermore, it results interesting to acknowledge that the imported content of

manufacturing exports has grown steadily along the last 10 years, increasing from

12.1% to 16.2% on average. Further, the sectors with a higher export growth are

those with higher content of imports in their exports. Thus, the sectors with the

greatest relation to international markets such as Motor vehicles, Coking and re-

fining products; Metallurgical products and Transport Equipment show the highest

average annual growth rates of exports in the period 2007-2016. These sectors are

also the ones with higher rates of growth of imports of intermediate inputs (8% on

average in the same period)

The similar evolution over time of exports and imports in the Colombian manu-
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facturing since 2000 suggests the existence of a strong link between these activities.

Ex-ante, this relationship could be attributable to some economic facts. Imports

boost exports through a practice that is quite common in emerging economy firms:

the purchase of technologies incorporated in foreign capital goods allows firms to

increase quality, reduce costs and so prices. This contributes to improve firms’ per-

formance in local and foreign markets. Further, it should be considered that the

sunk costs of importing are usually lower than those of exporting, at least for the

developing economies Seker (2009). Therefore, we firmly believe in the convenience

of a joint analysis of the determinants of firms’ exports and imports of intermedi-

ates decisions. This analysis result especially relevant since both activities may have

an impact on firms’ productivity and, therefore, on country’s competitiveness and

economic growth.

In this framework, the aim of this chapter is to contribute to the analysis of the

dynamic linkages between firms’ imports of intermediate inputs and export decisions.

Using as starting point Timoshenko (2015a) model of export participation (which

allows to separately quantify the role of sunk costs and demand learning on the

firm’s likelihood of exporting), we propose the estimation of a dynamic bivariate

probit model which will allow us analysing the dynamic interactions between both

trading activities and the role of sunk costs and learning (demand learning in the

case of exports and import supply learning in the case of imports).

In our analysis, following Máñez Castillejo et al. (2020) and Máñez et al. (2020),

we explore the possible direct and indirect links between firms’ exporting and im-

porting of intermediates strategies and firms’ likelihood of importing intermediates

and exporting. We understand as indirect effects of importing (exporting) those that

firms accrue to the likelihood of exporting and/or importing through their potential

productivity enhancing effects. We understand as direct effects of importing and ex-

porting, those that may be attributed to importing and exporting strategies once we

have controlled for indirect effects through enhanced productivity. It is relevant to

remark here, that we will consider not only how past export experience may have a

direct/indirect effect on the likelihood of exporting itself (we will name them within

exporting direct/within exporting indirect effects) but also possible direct/indirect
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effects of past export experience on the likelihood of importing (we will name them

cross direct/indirect effects of exporting). Analogously, we will also consider within

importing effects and cross effects of importing distinguishing between direct and

indirect effects.

Figure 1: Direct and Indirect links between firms’ exporting and importing.

A central element in the identification of within exporting and within importing

direct effects is acknowledging that both exporting and importing intermediates

may involve incurring some cost that are sunk in nature, and that exporting and

importing intermediates are subject to learning processes susceptible of generating

dynamic increasing returns to scale. In the next paragraphs, we discuss sunk cost

issues and learning processes in turn.

Exporting sunk costs stems from factors such as the need of setting up marketing

and distribution channels, exploring foreign demand and competition, customising

own products characteristics to adapt them to foreign tastes and/or to meet other

countries’ quality and security legislation. As for the sunk costs related to importing

intermediates, one should consider that firms have to invest resources to access higher

quality inputs, a larger range of inputs or the foreign technology incorporated in
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intermediate inputs (Bustos, 2011). Recognising the existence of sunk costs implies

that current imports of intermediates and exports depend on past import and export

trajectories, and, that therefore, transitory changes in trade policy and/or economic

conditions may have permanent effects on trade status. Thus, the existence of sunk

costs generates hysteresis in trade flows.

Roberts and Tybout (1997) estimates a dynamic discrete choice model of the de-

cision to export of Colombian manufacturing in which firms’ past export decisions

affect future exports decisions. Further, they suggest that the estimated parame-

ter for the past export decision, capturing state dependence, should proxy for the

existence of export sunk costs.1 In our analysis of the firms’ joint decisions of ex-

porting and importing intermediates, we extend Roberts and Tybout (1997) sunk

costs identification strategy and allow both past export decisions to affect future

export decisions and past import decisions to affect future import decisions (for a

similar strategy see Kasahara and Rodrigue, 2008 or Kasahara and Lapham, 2013).

The aim is identifying both exports and imports sunk costs.

Notwithstanding, Timoshenko (2015a) suggests that state dependence of cur-

rent exports should not be fully attributed to sunk costs as it could be the result

of sunk costs, learning about export markets or both. With regard to the learning

about export market, Arkolakis et al. (2018) and Timoshenko (2015b) consider that

when firms start exporting they face some uncertainty about the external demand

for their products and must learn about it. In the same line, we hypothesize that

state dependence of current imports may be related to import sunk costs, learning

about import supply opportunities or both of them. When firms start importing

intermediates are uncertain about the quality and/or price of imported inputs. Nev-

ertheless, as they gradually acquire experience importing uncertainty is reducing,

what fosters to continue importing.

In what follows, we explain the rationale behind direct cross effects of export-

ing and importing. Direct cross-effects of importing on the likelihood of exporting
1Other works using the same strategy to identify the existence of export sunk costs are Bernard

and Jensen (2004) for the US and, Campa (2004) and Máñez et al. (2008) for Spanish manufac-
turing.
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may work through various channels.2 First, it should be considered that if foreign

sourcing results in lower prices for intermediates, and this cost reduction is at least

partially transmitted to prices, this may contribute to international competitiveness.

Second, if importing firms have access to a wider range of inputs, to higher quality

inputs3 or to the technology embodied in the intermediate inputs, this can favour

product quality upgrading and/or the introduction of new products, what may fos-

ter competitiveness in export markets (Goldberg et al. 2010; Fernandes and Paunov

2013; Bas and Strauss-Kahn 2015; Fieler et al. 2018; Feng et al. 2016). Third, in-

ternational markets experience gained through importing intermediates may be a

valuable asset to sell abroad.

As for the direct cross effects of exporting on the likelihood of importing, they

may arise from various channels. First, foreign markets experience gained export-

ing may ease foreign sourcing. Second, more intense price competition in foreign

markets may force exporters to import inputs when imported inputs are cheaper

than domestic ones. Finally, if international markets put a high weight on product

quality and importing higher quality inputs allows exporters to upgrade the quality

of their products, we expect exporters to be more prone to import intermediates.

However, one cannot properly identify the set of direct effects described above

without accounting for the indirect within and cross effects. Analysing the indirect

effects of exporting and importing on the likelihood of exporting and on the likeli-

hood of importing intermediates involves acknowledging which are the links between

exporting and importing, and productivity; and, the links between productivity and

the likelihood of exporting and importing intermediates.

The relationship between exporting and productivity has been extensively ex-

plored. Since Bernard and Jensen (1999) a plethora of papers have found empirical

evidence suggesting that exporters are more productive that non-exporters. This

exporting premium could be explained by a process of self-selection into exporting

of the more productive firms and/or from potential productivity gains related to ex-
2Damijan and Kostevc (2015) find a positive effect of importing on exporting for Spanish man-

ufacturing, but they do not distinguish between importing of intermediates and other imports.
3Castellani et al. (2010) finds that firms more exposed to international markets are better

performers. They suggest that the better performance of importers of intermediate inputs is related
to the fact that they import mainly high quality intermediates from major European countries.
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porting. In the trade literature, the potential productivity gains related to exporting

are associated to the process of learning-by-exporting (LBE, hereafter) that export

participation may trigger. The gains in productivity associated to exporting are

usually linked to growth in sales that allows firms to profit from economies of scale,

knowledge flows from foreign customers and increased competition in international

markets that forces firms to behave more efficiently. Whereas there is widespread

evidence of self-selection into exporting, evidence on LBE is mixed and far from con-

clusive, and among those that find evidence on LBE there are important differences

about the magnitude and the duration of the LBE effect.4

The analysis of the impact of importing intermediates on productivity has de-

served increasing attention in recent times. The productivity gains associated to

importing intermediates are related to the process of learning-by-importing (LBI,

hereafter) that importing intermediates may start up. Foreign sourcing of inter-

mediate inputs may affect productivity through two possible channels. On the one

hand, when foreign sourcing intermediates, firms gain access both to a wider range

of inputs and/or to higher quality inputs (Halpern et al., 2015). On the other

hand, importing intermediates may allow firms to access lower prices inputs, with

the associated reduction in marginal costs, and therefore, increase in total factor

productivity. The joint consideration of both channels implies that when importing

intermediates firms might pay lower quality-adjusted price for intermediates. As it

happens with LBE, empirical evidence on LBI using firm level data is mixed. Kasa-

hara and Rodrigue (2008), Amiti and Konings (2007) and Halpern et al. (2015) find

evidence suggesting a positive impact of importing intermediates on productivity

for Chile, India and Hungary, respectively. Conversely, Muendler (2004) only finds

a small contribution of imported intermediates and investment goods on Brazilian

firms productivity; and, results in Van Biesebroeck (2003) suggest that Colombian

firms’ productivity growth is more strongly correlated to export status than to im-

porting intermediates.
4See for example Silva et al. (2012) who offers a detailed survey on the LBE literature; Martins

and Yang (2009) who provide a meta-analysis for 33 empirical studies; or, Singh (2010) who con-
cludes that evidence on self-selection of the more productive firms into export markets overwhelms
works that find evidence in favour of the existence of learning-by-exporting.
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The literature that jointly analyse the effects of exporting and importing interme-

diates on productivity is scarcer. Among the few, it is worth mentioning Kasahara

and Lapham (2013) who estimate a structural model in which heterogeneous final

good producers simultaneously choose whether exporting and importing interme-

diates. Their results using Chilean plant data suggest the existence of aggregate

productivity and welfare gains associated to exporting (firms’ final goods) and im-

porting intermediates. Máñez Castillejo et al. (2020), Máñez et al. (2020) using

firm level data for Spain also obtain evidence suggesting that both exporting and

importing intermediates have a positive impact on firms’ productivity.

To properly control for the potential effect of past exports and imports of interme-

diates experience on firms’ future productivity requires to depart from Timoshenko

(2015a) assumption of an exogenous Markov process for the law of motion of pro-

ductivity (in Timoshenko, 2015a TFP is modelled as and AR1 process).5 Instead,

in our TFP estimation, we consider a more general Markov process in which we

allow both past export and imports of intermediates experience to affect productiv-

ity. 6 As suggested by Máñez et al. (2020), using this endogenous (to past export

and import experience) Markov process allows analysing supply side learning effects

such as learning-by-exporting and learning-by-importing effects that the exogenous

Markov process assumed by Timoshenko (2015a) does not allow to consider.

After controlling for possible within exporting indirect effects and cross indirect

effects of importing (which increase the likelihood of exporting through increased

productivity) and cross direct effects of importing, the within exporting direct effect

should proxy for demand learning effects. Likewise, applying the same logic, after

controlling for within importing direct and indirect effects and cross indirect effects

of exporting, the within importing direct effect should proxy for import supply
5De Loecker (2013) points out that tests of LBE based on the residual of a production func-

tion estimated using Olley and Pakes (1996) or Levinsohn and Petrin (2003) methods under the
assumption of an exogenous Markov process for the law of motion of productivity could be flawed.
The problem is that they suffer from a problem of internal inconsistency. They aim to check
whether past exporting experience increases future TFP while neglecting this possibility in the
production function estimation itself. This argument can be made extensive to those tests of LBI
based in the same type of TFP estimates.

6De Loecker (2013), analysing the effect of exporting on productivity, and Kasahara and Ro-
drigue (2008), when exploring the impact of importing intermediates in TFP, use a similar ap-
proach.
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learning effects.

Our test of the indirect within and cross effects of exporting and importing

implies two steps: first, we have to check whether past exporting and importing

of intermediates experience have any effect on current TFP; and, second, we have

to check whether productivity affects the likelihood of exporting and importing in

our dynamic bivariate probit model of the decisions of exporting and importing

intermediates.

Our contribution to the stream of the trade literature analysing the relationship

between exporting and importing intermediates is twofold. First, to best of our

knowledge, this is the first work that analyses the direct and indirect effects of

past exporting/importing experience on the likelihood of exporting and importing

intermediates (as explained above we understand by indirect effects those that accrue

from past exporting and importing of intermediates experiences to the likelihood of

exporting and importing intermediates through increased productivity). Second,

we analyse not only the relative importance of sunk costs and demand learning to

explain export persistence (Timoshenko, 2015a) but also the relative importance of

sunk costs and import supply learning to explain import persistence.

We perform this analysis using a representative sample of Colombian manufactur-

ing firms for the period 2007-2016, drawn from the Encuesta Anual Manufacturera

(EAM, hereafter). This survey provides information on exports and import of final

goods and the necessary variables to estimate the total factor productivity, a crucial

variable in our analysis.

To anticipate our results, we find that firms past experience has a positive effect

on the probability of exporting and vice versa. These effects take place not only

through a direct channel, but also through an indirect channel: both importing and

exporting experience have a positive impact on current productivity, and, current

productivity affects the future likelihood of exporting and importing. Furthermore,

direct effects of past export (import) experience on the probability of exporting

(importing) result both from the existence of export (import) sunk costs and the

process of learning triggered by continuity in these activities. Lastly, our results

suggest that the relative importance of learning to explain persistence is larger in
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the case of imports than in the case of exports.

The rest of the chapter is organised as follows. In section 2 we describe the

data and present some descriptive analysis in which we pay special attention to

the relationship between exporting and importing intermediates. In section 3, we

present our empirical model and discuss methodological issues. Section 4 reports

and comments our main results. Finally, section 5 concludes.

2.2 Data and descriptive statistics

The data used in this chapter are drawn from two databases. The Annual Manu-

facturing Survey (EAM) and the Technological Development and Innovation Survey

(EDIT), published by the Colombian National Administrative Department of Statis-

tics (DANE).

The EAM is the annual census for industrial establishments (identified according

to the ISIC Revision 3 adapted for Colombia) with 10 or more employees or, failing

that, firms that record an annual production value equal or greater than a value

specified for each reference year by the EAM, which is indexed by the product price

index (PPI). It collects annual information at the firm level for variables such as

value added, number of employees, energy consumption, among others. The EDIT

is a biannual survey whose objective is to characterise the technological dynamics,

innovation activities and technological development for manufacturing Colombian

firms. It is a census of firms with establishments employing 10 or more workers or,

failing that, have an annual production value equal or greater than a value specified

for each reference year by the EAM. The statistical office uses, as in the case of the

EAM, the ISIC Rev. 3, adapted for Colombia.

The variables related with innovations that we use in this chapter (R&D ex-

penditures and skilled labour) come from five waves of the EDIT (EDIT IV, for

2007-2008; EDIT V, for 2009-10; EDIT VI, for 2011-2012; EDIT VII, for 2013-2014;

and, EDIT VIII, for 2015-2016). We do not use previous versions of the EDIT due

to important changes in the process gathering information on firms’ innovations,

Villarreal et al. (2014). Using the data available in the EAM survey, we calculate
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firms’ total factor productivity (TFP, hereafter) for the years to 2007 to 2016. From

the total sample we will drop firms with missing data on key variables, as well as

some outliers7. Also, due to the small number of observations in specific sectors,

these are jointed to the following industries: 15 with 16; 17 with 18; and, 30 with

32.8 So now we have 19 industries instead of 22.

After merging ten EAM waves with five EDIT waves, we end up with an unbal-

anced panel data of ten years (2007-2016) with 49,331 observations. The panel is

unbalanced due to the existence of missing observations in critical variables, so the

final sample that we select is composed by firms that provide information for output,

capital, materials, number of workers, imports and exports, R&D expenditures, and

other control variables used in the different econometric analyses carried out in this

chapter.

Table 8: Firms exporting and/or importing, 2007-2016
Neither Export only Import only Both

Full sample Observations 49,331 7,719 4,905 9,870
Percentage 68.68 10.75 6.83 13.74

Estimation sample Observations 30,097 4,599 2,877 6,234
Percentage 68.56 10.48 6.55 14.41

Table 8 shows the distribution of firms’ observations according to trading strate-

gies, both for the full sample and our estimation sample. It is possible to observe that

both distributions are almost identical, thus henceforth all our descriptive statistics

will refer to the estimation sample. The predominant strategy among Colombian

manufacturing firms is not trading as 68.56% of the firms neither export nor import.

Further, 14.41% are both importers and exporters, 10.48% are only exporters and

6.55% are only importers. Furthermore, importing intermediates is more frequent

among exporters than among non-exporters, whilst 57.89% of the exporters import

intermediates, for non-exporters this percentage is much lower (8.72%). Likewise,
7We only consider the observations in relevant variables without missing data that are included

between centiles 1 and 99.
8We join these industries as they produce related outputs. The Industry 15 now is Bever-

age/Food and Tobacco; the industry 17 now is Textiles, Textile products, Leather and Footwear;
and, 30 is Manufacture of Office, Accounting and Computing Machinery, Radio, TV and Commu-
nications Equipment.
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whereas 68.73% of the importers also export, only 13.25% of the non-importers are

involved in exporting activities.

Figure 2: Evolution of the percentage of firms exporting and importing, 2007-2016

It is possible to observe in Figure 2 that the proportion of firms classified accord-

ing to trade status remains quite constant along the period of analysis. Just to point

some general trends, the number of two-way traders, and only exporters increases

3% and almost 2%, respectively; while the number of only importers and firms that

neither import nor export and only import decreases 2% and 3%, respectively.

2.2.1 Persistence in exporting and importing

Our first approach to the relevance of persistence in exporting/importing consists in

analysing firms’ annual transition rates between the exporter (importer) and non-

exporter (non-importer) status for a sample of 1958 continuously operating firms, in

the period 2007-2016. It is possible to observe in Table 9 that along all the period

considered exit rates from the exporter status are substantially higher than entry
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Table 9: Annual transition rates from the exporter/non-exporter and importer/non-
importer statuses

Exporter to
Non-Exporter

Non-Exporter to
Exporter

Importer to
Non-Importer

Non-Importer to
Importer

2007-2008 17.38 10.38 20.70 7.77
2008-2009 14.90 3.95 17.54 7.83
2009-2010 13.68 4.18 24.32 5.57
2010-2011 12.08 4.31 21.38 4.71
2011-2012 9.60 4.53 20.75 5.74
2012-2013 15.00 4.39 21.93 5.80
2013-2014 11.45 3.74 19.29 4.55
2014-2015 9.63 4.08 17.60 4.78
2015-2016 10.18 5.28 17.76 6.27
Average 12.56 5.02 20.22 5.91

rates (for most of the years exit rates more than double entry rates) suggesting a

high rate of turnover in exporting. Evidence on importing is similar, for all the

period analysed, exit rates from the importer status more than treble entry rates.

Thus, these figures suggest that the rate of turnover in importing is even higher

than in exporting. Notwithstanding, the interpretation of these results should be

cautious as we are analysing the period just after the start of the Great Recession,

that had critical implications in world trade. In any case, transition rates for the

last two years of our sample (2015-16) reproduce to a large extent average patterns

for the full sample.

Columns (1) and (2) of Table 10 show the percentage of exporting (importing)

and non-exporting (non-importing) firms that have the same status in one of the

subsequent 9 years.9 In the upper panel of the Table 10 it is possible to notice that

82.62% of the firms exporting in 2007 were also exporting in 2008, 79.85% in 2012

and 77.08% in 2016 (after 9 years). In the lower panel of Table 10, the correspond-

ing figures for importing are also high but substantially lower, thus 79.30% of the

firms importing in 2007 also imported in 2008 and this figure for 2012 and 2016 are

68.83% and 68.08%, respectively. This is a first piece of evidence suggesting that

persistence in the exporting status is higher than in the importing status. Con-
9It is important to recall that when calculating these percentages we do not require firms to

export (import) or not to export (not to import) all the intermediate years between year 2007 and
year t = 2009, . . . , 2016.
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Table 10: Persistence in the Exporter/Importer status and Non-exporter/No-
importer status

(1)
Exporters
Actual

(2)
Non-exporters

Actual

(3)
Exporters
Expected

(4)
Non-exporters

Expected
2008 82.62 89.62 82.62 89.62
2009 80.35 90.01 75.57 87.12
2010 77.08 89.37 69.77 84.75
2011 78.34 89.24 66.75 83.02
2012 79.85 88.28 64.48 81.10
2013 74.56 87.64 60.20 79.37
2014 75.31 87.89 58.19 78.16
2015 75.82 87.19 56.93 76.94
2016 77.08 85.84 55.67 74.95

(1)
Importers
Actual

(2)
Non-importers

Actual

(3)
Importers
Expected

(4)
Non-importers

Expected
2008 79.30 92.23 79.30 92.23
2009 79.55 89.60 72.32 86.45
2010 74.81 90.43 64.84 82.98
2011 72.82 91.52 60.35 81.05
2012 68.83 90.49 54.86 78.74
2013 69.08 90.82 52.12 76.88
2014 66.33 90.82 48.63 75.27
2015 67.83 91.07 47.13 74.05
2016 68.08 89.60 45.14 72.38
Note: In the upper part of the Table, Figures in columns (1) and (2)

represent the percentage of exporters (non-exporters) in 2007 that were
in the same export status in the listed years. We do not distinguish
between firms that export (do not export) continuously and firms that
change status. For example, in the percentage of 2011 in column 1
we include both firms that exported every year from 2007 to 2011
and firms that exported in 2007 and 2011, but not in one or more of
the years between. Figures in columns (3) and (4) show the expected
percentage if firms were chosen randomly with annual transition rates
given by the data. For example, we know that 82.62% of exporters in
2007 were exporting in 2008. Of these 82.62% of firms, 91.46% (that
is 75.57% of these exporters in 2007) were also exporting in 2009.
Figures in the lower part of the table follow the same reasoning but
for Importers/Non-Importers
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versely, persistence in the non-importing status is higher than in the non-exporting

status (whilst 89.62%, 88.28% and 85.84% of the firms that did not export in 2007

nether did it in 2008, 2012 and 2016, respectively; for non-importers these figures

are 92.23%, 90.49% and 89.60%). It is also important to note that both persistence

in non-exporting status is larger than in the exporting status, and persistence in the

non-importing status is larger than persistence in the importing status.

Columns (3) and (4) in Table 10 show the predicted (expected) rates of firms’

persistence exporting (importing) and non-exporting (non-importing). These rates

have been calculated using the annual transition rates provided by the data. Both

for exporting and for importing expected persistence is lower than actual persistence.

We can derive two implications from this empirical evidence: first, lower expected

rates in column (3) than in column (1) suggest that both for exporting (import-

ing) there is an important rate of re-entry of firms formerly exporting (importing);

second, lower figures in column (4) than in column (2) reveal that firms without

previous exporting (importing) experience are more likely to stop exporting.

We can gain further insight on the issue of persistence in exporting/importing

observing in Figure 3 the Kaplan-Meier (KM, henceforth) exports and imports sur-

vivor functions (for the unbalanced sample used in estimation). The KM (empirical)

survivor function shows the percentage of exporting (importing) spells that continue

in operation after a given number of years. We define an export (import) spell as

a period of uninterrupted exporting (importing), that is the number of consecutive

years exporting (importing). An export (import) spell is considered as starting in

year t if the firm did not export (import) in year t−1 but exports (imports) in year t.

Analogously, an export (import) spell is computed to end in year T if this is the first

year in which the firms declares not exporting (importing), after one or more years

of consecutive years exporting (importing). Thus, we proxy persistence in exporting

(importing) by the extent of continuous engagement in exporting (importing).

It is interesting to note that the export survival function is always above the im-

port survival function, indicating that the export spells are longer than the import

spells. Thus, whereas the median duration of import spells is 3 years that of export

spells is 4 years. Additionally, we can observe that both in the case of export and

116



Figure 3: Kaplan-Meier export and import survival functions
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Figure 4: Average log-exports and imports of surviving firms
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import spells, the percentage of firms that quit exporting and importing decreases

as firms age in the corresponding trading activity (both Kaplan-Meier survival func-

tions get flatter as duration lengthens). This could be seen as a signal of negative

duration dependence that Love and Máñez (2019) relate in the case of exports to

learning processes arising from continuous exporting, and we believe that is related

to similar processes in the case of importing.

2.2.2 On the relationship between exporting and importing

We devote this section to analyse the interactions between export and import strate-

gies. In this sense, most of the analysis in this section seeks to find correlations

between exporting and importing strategies. Correlations that do not necessarily

mean causality.

We start the descriptive analysis of the relationship between importing inter-

mediates and exporting, exploring both the impact of import experience over the

probability of starting to export and export experience over the probability of start-

ing to import. With this aim, we estimate the following reduced form probit equation

both for export starters and import starters

StarterJ
it = β0 + β1Experience

K
it−1 + γXit−1 + νs + νt + uit and J 6= K (2.1)

where J = export,import and K = export,import. We consider as an export starter

a firm that did not export either in t − 2 or t − 1 but it exported both in t and

t + 1. Analogously, we define as an import starter a firm that did not imported

either in t − 1 or t − 2 but it imported both in t and t + 1. 10. We use two

alternatives proxies for export (import) experience: in Specification 1, we proxy it

using a dummy variable taking value 1 if the firm was an exporter (importer) in

period t − 1; and, in Specification 2 , we proxy it using export (import) age up to

period t − 1, defined as the count of continuous years exporting (importing) up to
10We require firms to export (import) at least two consecutive years to get rid of occasional

exporters (importers)
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period t−1. Xit is a set of control variables (lagged one period to avoid problems of

endogeneity) that includes the log total factor productivity and the log of firm size.

νt is a vector of year dummies and νs is a vector of industry dummies.11

The marginal effects corresponding to the estimation of both the export and

import starters equations are shown in Table 11. It is possible to observe that

regardless of whether we proxy import experience using lagged import participation

or import age, firms with past import experience are more likely to start exporting

(both the marginal effects of the lagged import participation dummy and the import

age variable are positive and statistically significant). We obtain symmetric results

in the estimation of the imports starters equation: both firms that exported in

period t−1 and firms with longer exporting experience (as measured by export age)

are more likely to import. Furthermore, our results suggest that larger and more

productive firms in t− 1 are more likely to start exporting and importing in t. 12

Table 11: Impact of import (export) experience in the probability of becoming an
export (import) entrant. Marginal effect

Export Import
Spec. 1 Spec. 2 Spec. 1 Spec .2

Import Dummyt−1 0.0116***
(0.00252)

log(Import Age+1)t−1 0.00643***
(0.00208)

Export Dummyt−1 0.0175***
(0.00221)

log(Export Age+1)t−1 0.0112***
(0.00158)

TFPt−1 0.00244** 0.00247** 0.00152* 0.00160*
(0.00106) (0.00108) (0.00073) (0.00075)

log(Size)t−1 0.0129*** 0.0131*** 0.0134*** 0.0134***
(0.000949) (0.00104) (0.00104) (0.00105)

Observations 23,456 23,456 23,929 23,929
R2 0.0716 0.0692 0.1109 0.1072

Notes:1. Industry and fixed years are included. 2. Robust standard errors are in
parenthesis. 3. *** p-value<0.01, *** p-value<0.05 ; *** p-value<0.1.

Next, we explore the influence of import status in export persistence and vice
11In estimation, we control for export age and import age using log(ImportAge + 1) and

log(ExportAge+ 1) to be consistent with the rest of analysis in the chapter.
12This last result could be considered as first evidence in favour of the existence of selection into

exporting and selection into importing processes in Colombian manufacturing firms.
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Figure 5: Kaplan- Meier export survival function by import status

versa making use of exporting and importing empirical survival functions (Figures

5 and 6). Figure 5 shows the Kaplan-Meier (KM, henceforth) exports survivor

function corresponding to importers and non-importers; and, Figure 6 the imports

Kaplan-Meier survivor function corresponding to exporters and non-exporters.

It is interesting to observe in Figure 5 that the KM exports survivor function of

importers is always above that of non-importers, suggesting that exporting spells of

importers are larger than those of non-exporters (the observed median duration of

exporting spells for importers and non-importers is 7 and 3 years, respectively). In

addition, a non-parametric rank test of equality of the survival functions of importers

and non-importers rejects the null of equality (χ2(1) = 148.95 with a p-value=0.000).

Analogously, in Figure 6 the KM imports survivor function of exporters is always

above that of non-exporters signalling that importing spells of exporting firms are

larger than those of their non-exporting counterparts (the median duration of im-

porting spells of exporters is 4 and that of non-exporters 2). Furthermore, a rank-test
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Figure 6: Kaplan- Meier import survival function by export status

of equality of the import survivor functions of exporters and non-exporters rejects

the null of equality (χ2(1) = 231.82 with a p-value=0.000). Therefore, our analysis

above points out that importers show a larger export persistence and that exporters

enjoy a larger import persistence.

Next, we aim to analyse whether firms with a longer import experience show a

higher export persistence and whether firms with a longer export experience show a

larger import persistence. We perform this analysis using survival models. In par-

ticular, we estimate a discrete time proportional hazard model in which the duration

of exports (imports) spell is treated as a discrete time, not because it is intrinsically

discrete but because data are available on a yearly basis (interval-censored data).

Although the underlying transition process between exporting (importing) and not-

exporting (not-importing) may happen in a continuous way, we only observe these

transitions annually. This estimation methods allows for a flexible specification of

the baseline hazard and to control for unobserved heterogeneity, which helps to
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better identify the correlation between import (export) experience and exports (im-

ports) persistence. More specifically, we estimate the discrete time representation

of the following underlying continuous time proportional hazard function:

h
(
t, Exp.Jit−1, Xit−1

)
= h0 (t)K exp

(
β0 + γExpJ

it−1 + βXit−1 + νs + µt

)
νi for J 6= K

(2.2)

where J = Export, Import and K = Export, Import and h
(
t, Exp.Jit−1, xit−1

)
is the

hazard function of continuing exporting or importing; h0 (t)K , the baseline hazard, is

proxied by export survival time in the export survival equation and import survival

time in the import equation. ExpJ
it−1 is firm’s import experience (measured as the

log(ImportAge+1)t−1 in the export survival equation and firm’s exports experience

(measured as the log(ExportAge+ 1)t−1) in the import survival equation; Xit−1 is a

vector of control variables including one-period lagged log of firm size and TFP. In

estimation we also include a vector of year (µt) dummies and a vector of industry

dummies (µs). Unobserved heterogeneity (νi) is incorporated multiplicatively. The

reason is that in this way, it measures a proportional increase or decrease in the

hazard rate of a given firm, relative to an average firm. In estimation, we assume

that the unobserved heterogeneity (frailty) follows a gamma distribution (see Allison,

1982 and Jenkins, 2005 for details).13 It is important to remark that in proportional

hazard survival models, the baseline hazard (h0 (t)K for K = export, import) is the

hazard that, after controlling for covariates and unobserved heterogeneity, can be

attributed to the passage to time, i.e., the number of continuous years of exporting

(importing) in the export (import) survival equation. We expect that sunk costs

and learning will induce a pattern of negative duration dependence for the baseline

hazard.14

Table 12 shows the estimates of the export and import survival equations; es-
13We estimate the survival models using S. Jenkins Stata’s routine pgmhaz8 that implements a

cloglog model with a gamma distributed unobserved heterogeneity. It is available by typing ssc
install pgmhaz8 inside Stata.

14The dependent variable of the export/import survival models, that we use to analyse ex-
ports/imports persistence is not measured directly (in terms of number of years of continuous
exporting/importing) but consists of a binary variable taking value 1 for the survival period in
which the firms quits exporting/importing and 0 as long as they remain exporting/importing.
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timated coefficients indicate the effects of covariates on the hazard of termination

of export of import spells. Positive coefficients should be interpreted as an increase

in the hazard rate, and they are associated to a reduction in the expected duration

of the export or import spell. On the contrary, negative coefficients should be re-

lated to a reduction in the hazard rate, as they are associated to an increase in the

expected duration of exporting or importing spells.

Table 12: Export survival and import experience. Import survival and export ex-
perience

Export Survival Import Survival
log(Export Surv. time) -0.924***

(0.403)
log(Import Surv. time) -0.903***

(0.037)
Iog(Import Age+1)t−1 -0.312***

(0.065)
Iog(Export Age+1)t−1 -0.240***

(0.043)
log(Size)t−1 -0.231*** -0.182***

0.019
TFPt−1 -0.054** -0.072***

(0.027) (0.027)
Number of observations 12,411 10,441
Number of spells 3,908 3.769
Log-likelihood -4,562.07 -4686.14

Notes:1. Industry and years fixed effects are included. 2. Standard
errors are in parenthesis. 3. *** p-value<0.01, *** p-value<0.05 ;
*** p-value<0.1

We devote the rest of the section to analyse the estimates corresponding the

export survival and import survival equations in turn. The negative estimate for

log(Export Surv. Time) in the export survival equation is evidence in favour of a

pattern of negative duration dependence (i.e. the probability of termination of the

export spell decreases with the length of the spell), which could be related both to

the existence of exporting sunk costs (Roberts and Tybout, 1997) and learning-by-

exporting (Timoshenko, 2015b). Further, the estimated coefficient for the proxy of

import experience is also negative and statistically significant suggesting that import

experience is associated to longer duration of the exporting spells. Our estimates

also suggest that larger and more productive firms enjoy longer exports spells.
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The estimates corresponding to the import survival equation also suggest the

existence of a pattern of negative duration dependence because the coefficient of

log(Import Surv. Time) is negative and significant. Again, we believe that this

duration pattern is very likely related to the existence of sunk import costs and the

processes of learning associated to continuous importing. As for the relationship

between import persistence and export experience, the negative and statistically

significant estimate for the export experience variable signals that firms with more

export experience enjoy longer imports spells. Larger and more productive firms

also endure longer importing.

2.3 Empirical modelling

2.3.1 Joint modelling of the export and import decisions

We specify our model of the joint decision of exporting and importing intermediates

in terms of sunk costs (Roberts and Tybout, 1997), learning (Timoshenko, 2015a)

and a set of variables that proxy for the payoffs of each trading activity. We devote

the rest of the section to justify the choice of this specification.

Both when starting to export and when making the choice of importing interme-

diate inputs firms have to incur sunk costs. Exporting sunk costs stem from factors

such as setting up marketing and distribution channels, exploring foreign demand

and competition, customising own product characteristics to adapt it to foreign

tastes and/or to meet other countries quality and security legislations. Regarding

to the sunk costs related to import intermediates, it should be considered that firms

must invest resources to access higher quality inputs, a larger range of inputs, or to

the foreign technology incorporated in intermediate inputs (Bustos, 2011). The ex-

istence of sunk costs related to both exporting and importing intermediates entails

that firm’s past export and import decisions should be considered as state variables

in the firm’s current export and import of intermediates decisions.

After Roberts and Tybout (1997) research, the state dependence of exports and

imports has been attributed to the existence of sunk starting-up and ceasing costs.15.
15Both Roberts and Tybout (1997) and Timoshenko (2015a) develop these arguments in the
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Nevertheless, Timoshenko (2015a) notes that the state dependence of current export

status should not be fully attributed to sunk costs as it could be the result of sunk

costs, demand learning in export markets or both. Analogously, we believe that

state dependence of current imports may be related to sunk costs, import supply

learning or both of them. As for the demand learning in exports markets, Arkolakis

et al. (2018) and Timoshenko (2015b) assume that firms when start exporting are

uncertain about the appeal of their products and must learn about it. As firms

continue exporting they learn about their appeal. In the same line, we hypothesize

that when firms start importing intermediates they face some uncertainty about

the novelty and quality of imported inputs. However, as firms gradually acquire

experience importing intermediate inputs this initial uncertainty about intermediate

input supply gets reduced and so eases to continue importing intermediates. Thus,

following Timoshenko (2015a) in order to disentangle the effect of export sunk costs

and demand learning in the export decision, and the effect of import sunk costs

and import supply learning in the imports of intermediates decision, we include as

additional regressors the log of export age (log(EA + 1)) and the log of import

age (log(MA + 1)) in the export and imports equations, respectively.16 Using the

terminology proposed in the introductory section, we consider both export sunk

costs and demand learning effects within exporting direct effects. Analogously, the

import sunk cost effect and the import supply learning effects proxy for the within

importing direct effect.

In this dynamic framework, a firm will export and/or import intermediates in

year t whenever the current increase in gross operating profits associated to the

decision of exporting and/or importing intermediates plus the discounted expected

future returns from being an exporter (importer) in year t exceed sunk costs.

Insofar as the value function of a firm that decides to import intermediates may

be influenced by its optimal past export decisions and vice versa, our joint likelihood

includes firms’ past imports of intermediates experience as a variable explaining the

estimation of an export decision equation. However, we believe that they are also valid when
analysing firms’ import decisions.

16The log transformation of the Export Age variables is specified as log(EA+1) and the log(MA+
1), as this contribute to identification and avoids the problem of calculating the log value of 0 for
firms without export or import experience.
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current probability of exporting, and firms’ past exports experience as a variable

explaining the current probability of importing. These two variables capture cross

direct effects of importing on exporting and cross direct effects of exporting on

importing, respectively.

Furthermore, when the sunk exporting/importing costs are non-negligible and

export/import past experience may affect future productivity, the proper identi-

fication of within and cross direct effects of experience exporting and importing

intermediates requires to explicitly considering the role of past export and import

experience in shaping current productivity (see De Loecker, 2013 for exports and

Kasahara and Rodrigue, 2008 for imports). If firms’ exporting and importing expe-

rience contribute to rise current productivity, as argued in the introductory section,

then they will result in an increase of net benefit from exporting and importing inter-

mediates, and, therefore, in an increase of the probability of exporting and importing

intermediates. We are just endogeinizing the familiar self-selection mechanism which

states that if firms past import/export experience increases productivity it will in-

crease the probability of firms self-selecting or continuing in such trading activities.

Therefore, we include total factor productivity (TFP) in our model of firms’ decision

to export and import intermediates. As advanced in the introductory section, we

refer to the effects of exporting experience on the likelihood of exporting and the

likelihood of importing intermediates that are channelled through enhanced produc-

tivity, as indirect within exporting effects and cross indirect effects of exporting,

respectively. Likewise, we refer to the effects of importing experience that accrue

to the likelihoods of importing and exporting, through increased productivity, as

within importing direct effects and cross indirect effects of importing, respectively.

It should be noted that allowing past import/export to shape firms’ current pro-

ductivity implies departing from Timoshenko (2015a) assumption of an exogenous

Markov process for the law of motion of productivity. Instead, as anticipated in

the Introduction and explained in detail in the next section, we consider a more

general Markov process in which we allow past export and import experience to

affect productivity, that will allow us to analyse learning-by-exporting and learning-

by-importing processes not explicitly considered in Timoshenko (2015a) analysis of
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firms’ export decisions.

Moreover, proper identification of within and cross effects requires to control for

other variables that, in addition to productivity, may potentially affect the payoffs

related to exporting and importing, and therefore firms’ export and import decisions.

Thus, we control for observable firm/market characteristics, for macro conditions

(including a vector of time dummies µt) and for industry specific effects (including

a vector of industry specific dummies, µs).

The vector of control variables, Zit, includes firm’s size, firms’ markup, demand

evolution, wage per worker and firm complementary assets such as the intensity of

skilled labour or whether firms performs R&D. We lag the set of control variables one

period to avoid potential problems of simultaneity. The aim of including the vector

of time dummies, µt, is capturing macro-level changes in market conditions that are

common across firms, such as the business cycle, credit market conditions, overall

changes in demand and other time varying factors. The inclusion of the vector of

industry dummies, µs, aims to control for unobservable characteristics on the specific

behaviour of firms in each industry. Finally, there may be firm unobserved factors

that may affect firms’ imports and export decisions such as managerial skills or the

ability of the personnel in the firm’s exports or purchasing departments. Thus, we

assume that the error term, uit, has two components, a permanent firm specific

effect (ηi) and a transitory component εit, then uit = ηi + εit. Hence, we allow for

two sources of serial correlation in uit. This is an important issue since, whether or

not εit are independent across t, uit will be always serially correlated because of ηi.

The econometric model we estimate is a dynamic bivariate probit model for

the joint decisions of exporting and importing intermediates.17 We condition these

decisions on the set of variables above described:
17Appendix A2 display the variables definition.
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Xit =γX
0 + γX

1 Xit−1 + γX
2 log(EAit + 1) + γX

3 log(MExpit−1) + γX
4 TFPit−1+ (2.3)

+ βXZit−1 +
3∑

i=1
γ̃X

it−jX̃it−j + µX
t + µX

s + uX
it

Mit =γM
0 + γM

1 Mit−1 + γM
2 log(MAit + 1) + γM

3 log(XExpt−1) + γM
4 TFPit−1+

+ βMZit−1 +
3∑

i=1
γ̃M

it−jM̃it−j + µM
t + µM

s + uM
it

where Xit is a dummy variable taking value 1 if firm i exports in period t and zero

otherwise. Analogously,Mit is a dummy variable taking values 1 if the firm i imports

in period t and zero otherwise.

In the system of equations (2.3) positive and significant estimates for γX
1 and/or

γX
2 should be considered as evidence in favour of the existence of within exporting

direct effects: γX
1 measures the export sunk cost effect and γX

2 measures the demand

learning effect. Analogously, positive and significant estimates for γM
1 and/or γM

2

suggest the existence of within importing direct effects. Whilst γM
1 measures the

import sunk cost effect, γM
2 measures the import supply learning effect. At this

point, it is relevant to deepen into the differences of a model without demand learning

and import supply learning effects. Let us use as example the export equation: in a

model without demand learning the total within exporting direct effect of one-year

export experience is given by γX
1 and it is fully attributed to export sunk costs.

Nevertheless, in a model with demand learning effects, the total within exporting

direct effect of one-year experience is γX
1 + γX

2 log(EA + 1) = γX
1 + γX

2 log(2), and

it can be decomposed in the corresponding export sunk costs effect γX
1 and the

demand learning effect γX
2 log(2). Therefore, to the extent that the estimate of γX

2

results positive and significant in a model without demand learning we would be

overestimating the true sunk cost effect. An identical argument can be applied

to the decomposition of total within importing direct effect of one year importing

experience into the import sunk cost effect (γM
1 ) and the import supply learning

effect (γM
2 log(2)).

As for the cross direct effects of past export experience on the probability of
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importing and past import experience on the probability of exporting, we consider

two different proxies for past export (import) experience: whether the firms ex-

ported (imported) in period t− 1 and the number of years of continuous exporting

(importing) up to t − 1. Positive and significant estimates of γX
3 and γM

3 suggest

that past import experience positively affects the probability of exporting and past

export experience positively affects the probability of importing, respectively.

In addition, the estimates γX
4 and γM

4 should provide evidence on the existence

of a self-selection/continuation mechanism of the most productive firms into ex-

porting and importing. It should be considered that for firms that start export-

ing/importing they capture the well-known self-selection mechanism into exporting

and importing. In contrast, for firms already exporting/importing, γX
4 and γM

4 cap-

ture an endogenous self-selection mechanism (Máñez et al., 2020) that is at work

when firms’ previous export and import experience shape future productivity, and,

therefore the probability of continuing exporting and importing. More specifically,

a positive and significant estimate of γX
4 is a necessary condition for the existence of

the within exporting indirect effect and the cross indirect effect of importing expe-

rience. Likewise, a positive and significant estimate of γM
4 is a necessary condition

for the existence of the within importing indirect effect and the cross indirect effect

of exporting experience.

Timoshenko (2015a) theoretical model assumes full depreciation of sunk costs

and export experience once a firm stops exporting. Nevertheless, as she does in her

empirical application, it is sensible to assume that this depreciation happens grad-

ually as firms remain without exporting/importing. To account for the possibility

of lower sunk start-up costs for firms that re-start exporting (importing) after j

years without doing so, we follow Roberts and Tybout (1997) and widen the export

decision equation to include X̃it−j (for j = 2, ..., J) and the import decision equation

to include M̃it−j (for j = 2, ..., J). X̃it−j is a dummy variable taking value one if the

last time the firm exported was in t − j; and, analogously, M̃it−j is a dummy vari-

able taking value one if the last time the firm imported was in t− j. Furthermore,

observation of the evolution of γ̃X
it−j and γ̃M

it−j as j increases will allow us to infer

the pattern of depreciation of export and import experience.

130



Finally, the estimation of the bivariate probit (2.3) poses an initial conditions

problem as for the first year firms are in the dataset we do nor observe former export

(Xit) and (Mit) imports decisions. To tackle this problem, we control for correlated

unobserved individual heterogeneity using the fixed effect approach developed by

Blundell et al. (1999) and Blundell et al. (2002). Following their approach, the pre-

sample means of the dependent variables (X̄i0 and M̄i0) are sufficient statistics for

the unobserved fixed effects (ηit). We consider as the pre-sample period the years

2007 to 2009.

2.3.2 Production function estimation

We assume that firms produce a homogeneous good using a Cobb-Douglas technol-

ogy:

yit = β0 + βllit + βkkit + βmmit + ωit + ηit (2.4)

where yit is the natural log of the production (in revenue terms) of firm i = 1, ..., N

in period t = 1, ..., T (in general T = Ti); lit is the log of labour; kit is the log

of capital; and, mit is the log of materials. As for the unobservables, ωit, is the

productivity (not observed by the econometrician but observable or predictable by

the firm) and ηit is a standard i.i.d. that is neither observable nor predictable by

the firm. As for the timing assumptions for estimation, we can distinguish two types

of inputs: those that are chosen in the same period as they are consumed (free or

variable inputs, such as e.g. labour and, materials) and those that are chosen before

the period they are consumed (fixed inputs, such as e.g. capital).18

Olley and Pakes (1996) show how to obtain consistent estimates of the produc-

tion function coefficients using a two-step procedure in which a single equation is

estimated in each step: the first one using OLS and the second one using linear

GMM (see also Levinsohn and Petrin, 2003 and Ackerberg et al., 2015 for closely

related estimation strategies). However, Wooldridge (2009) shows that the mo-
18It is assumed Kit is accumulated according to a dynamic investment process, Kit = (1 −

δ)Kit−1 + iit−1, where it−1 is the firm investment in period t−1 chosen after observing ωit−1. The
implicit assumption is that it takes a full time period for the new capital to be ordered, delivered,
installed and become fully productive
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ment conditions employed in these procedures can actually be jointly estimated by

GMM. In the resulting two-equation system specification, the first equation tack-

les the problem of endogeneity of the non-dynamic inputs (i.e., the freely variable

factors) whereas the second equation deals with the law of motion of productivity.

Next, we consider these issues (i.e., equations) in detail.

First, the correlation between ωit and the free inputs complicates the estimation

of the production function in (3.1) for it makes the OLS estimation biased (Marschak

and Andrews, 1944). Further, Griliches and Mairesse (1995) show that fixed effects

and instrumental variables are also scarcely reliable. Olley and Pakes (1996)(OP,

hereafter) use a control function approach to address this problem, proxying the

unobserved productivity with the investment demand. Levinsohn and Petrin (2003)

(LP hereafter), facing the problem of lumpiness of investment, use the same ap-

proach, but use instead the demand of materials. In both cases, the approach relies

on the assumptions that the proxy demand function, mit(·) has a single unobservable

among its arguments (scalar unobservable assumption); and, that it is strictly mono-

tonic in unobserved productivity (monotonicity assumption). Further, given that in

equilibrium the demand of the proxy variable only depends on state variables, fol-

lowing the LP approach we can write the demand of materials as mit = mt (kit, ωit).

Under the above assumptions, the demand of intermediate materials can be inverted

to generate:

ωit = m−1
i (kit,mit) = ht (kit,mit) (2.5)

Following a similar approach to De Loecker (2007, 2013), for export status, we

assume that firms’ trading strategies may influence the demand of intermediate

inputs. Thus, we consider that the demand of intermediate materials depends not

only on kit and mit but also on whether the firm exports or not and whether the

firm imports intermediates or not. Thus, we rewrite the inverse demand function

as:

ωit = ht (kit,mit, dxit, dmit) (2.6)
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where dxit and dmit are dummy variables that take value 1 for exporters and non-

exporters, respectively. Then, substituting equation (2.6) in equation (3.1) we get

our first estimation equation:

yit = β0 + βllit + βkkit + βmmit + ht (mit, kit, dxit, dmit) + ηit (2.7)

where given that ht is assumed to be a general function of their arguments, the

parameters β0, βm and βk are not identified from equation (3.4). Rather, the identi-

fication of these parameters is achieved in the second equation of the GMM-system

considered by Wooldridge (2009).

This second equation deals with the law of motion of productivity. OP assume

that productivity evolves according to the following exogenous Markov process (see

LP and Ackerberg et al., 2015 for a similar approach):

ωit = E [ωit|ωit−1] + ξit = f (ωit−1) + ξit, (2.8)

where here t = 2, 3, ..., T , f is an unknown function that relates productivity in t

with productivity in t− 1, and ξit is an innovation term uncorrelated by definition

with kit.

However, both De Loecker (2013) analysis of the effect of exporting on pro-

ductivity and Kasahara and Rodrigue (2008) analysis of the effects of imports of

intermediates on productivity stress the importance of endogenizing the law of mo-

tion of productivity to allow firms’ past trading decisions to affect productivity. The

argument is that an exogenous Markov process is only appropriate when productiv-

ity shocks are exogenous and not if future productivity is endogenously determined

by firm trading choices. Thus, those analyses of the effects of firms trading decisions

on productivity based on the residual of a production function estimation that do

not incorporate an endogenous Markov process suffer from an internal inconsistency

as they do not allow past firms’ trading decisions to affect productivity. Therefore,

to explicitly allow past firms’ exports and imports to affect current productivity, we

reformulate equation (2.8) as:
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ωit = E [ωit|ωit−1, dxit−1, dmit−1] + ξit = f (ωit−1, dxit−1, dmit−1) + ξit, (2.9)

Furthermore, using (2.6) we can rewrite (3.5) as

ωit =f [ht−1 (kit−1,mit−1, dxit−1, dmit−1) , dxit−1, dmit−1] + ξit = (2.10)

= gt (kit−1,mit−1, dxit−1, dmit−1) + ξit

Lastly, plugging (2.10) in the production function (3.1), we get the second esti-

mation equation of the model:

yit = β0 + βllit + βkkit + βmmit + gt (kit−1,mit−1, dxit−1, dmit−1) + uit (2.11)

where uit = ξit + ηit.

In order to proceed to estimation, there are still two issues that need consider-

ation: first, the presence of the unknown functions h (·) and g (·); and, second, the

choice of instruments for the GMM estimation.

The usual approach to deal with the unknown functions h (·) and f (·) is to

approximate them using third degree polynomials. In mathematical terms:

ht (kit,mit, dxit, dmit) = λ0 + c(kit,mit, dxit, dmit)λ1 (2.12)

where c (kit,mit, dxit, dmit) is a 1 × Q0 vector of functions and λ1 is a vector of

parameters of the same dimension. As for the function f , we assume

f(ω) = ρ0 + ρ1ωt−1 (2.13)

Using (2.12) and (2.13) we can rewrite the system of equations (3.4) and (3.6)
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as:

yit = α0 + βllit + βkkit + βmmit + citλ1 + ηit (2.14)

yit = η0 + βllit + βkkit + βmmit + ρ1 (cit−1λ1) + uit (2.15)

where t = 2, ..., T in (2.15), cit is a third-degree polynomial function in their argu-

ments, α0 = β0 + λ0 and η0 = β0 + ρ0. Notice that β0, λ0 and ρ0 are not identified.

With respect to the choice of instruments, a possible set for (2.14) is:

zit(1) =
(
1, lit, kit, c

1
it

)
(2.16)

where c1
it is cit without kit. 19 As for the instruments for equation (2.15), we may

use

zit(2) = (1, kit, lit−1, cit−1) (2.17)

Therefore, the matrix of instruments that we use in estimation is:

Zit =

 zit(1) 0

0 zit(2)

 (2.18)

We estimate the production function (3.1) for each of the 19 industries. Then,

we use the estimates of the production function coefficients to calculate log revenue

TFP of firm i at time t in industry j as:

ω̂j
it = yj

it − β̂
j
l lit − β̂

j
kkit − β̂j

mmit (2.19)

2.4 Estimation results

Table 13 presents the estimation results of our dynamic bivariate probit model for

the decisions to export and import intermediates (equation 2.3). Specification 1

shows the estimation results corresponding to a model in which we do not allow

either demand learning effects or import supply learning effects. Specification 2 in-

cludes learning effects both in the export and import decisions equations. Both in
19These are the instruments proposed by LP and OP for the first stage of their procedure.
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specification 1 and 2, we use as proxies for the cross-direct effects of importing on

exporting and cross-direct effects of exporting on importing the one-period lags of

import status and export status, respectively. The only difference between Specifi-

cations 2 and 3 is that in Specification 3 we proxy cross direct effects by import age

and export age in the export and import equations, respectively.

Before analysing our estimation results, it is worth to note that the positive and

statistically significant estimated correlation of the error terms (ρ coefficients), in the

three specifications considered (see bottom of Table 13), confirms the simultaneity

of firms’ exports and imports of intermediates strategies, and that, therefore, the

joint estimation of both equations is the right estimation strategy.
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Table 13: Bivariate model estimations for Export and Import activities
Specification 1 Specification 2 Specification 3

Export Import Export Import Export Import
Export Dummyt−1 2.119*** 0.280*** 1.403*** 0.266*** 1.395***

(0.0337) (0.0260) (0.0544) (0.0252) (0.0544)
Import Dummyt−1 0.179*** 1.729*** 0.163*** 1.050*** 1.089***

(0.0290) (0.0331) (0.0283) (0.0513) (0.0513)
log(EA+1)t−1 0.679*** 0.675*** 0.159***

(0.0422) (0.0428) (0.0173)
log(MA+1)t−1 0.665*** 0.123*** 0.636***

(0.0407) (0.0205) (0.0417)
TFPt−1 0.168*** 0.173*** 0.171*** 0.168*** 0.172*** 0.173***

(0.0390) (0.0400) (0.0375) (0.0389) (0.0374) (0.0389)
Markupt−1 -0.120*** -0.219*** -0.124*** -0.212*** -0.123*** -0.213***

(0.0378) (0.0386) (0.0365) (0.0374) (0.0365) (0.0374)
log(Size)t−1 0.178*** 0.159*** 0.167*** 0.148*** 0.167*** 0.152***

(0.0112) (0.0108) (0.0109) (0.0103) (0.0108) (0.0104)
Skilled labourt−1 0.0225* 0.0268*** 0.0210* 0.0264*** 0.0210* 0.0267***

(0.0130) (0.00980) (0.0124) (0.00960) (0.0124) (0.00958)
R&D dummyt−1 0.120*** 0.144*** 0.122*** 0.144*** 0.121*** 0.143***

(0.0250) (0.0235) (0.0247) (0.0233) (0.0248) (0.0233)
Postive growth sales dummyt−1 -0.0144 0.0157 -0.000329 0.0311 0.00253 0.0336*

(0.0208) (0.0197) (0.0209) (0.0198) (0.0209) (0.0198)
log(Wage per worker)t−1 0.0543** 0.143*** 0.0477** 0.134*** 0.0471** 0.136***

(0.0229) (0.0207) (0.0222) (0.0199) (0.0222) (0.0200)
ỹExp

it−2 0.793*** 0.909*** 0.908***
(0.0420) (0.0418) (0.0418)

ỹExp
it−3 0.528*** 0.649*** 0.647***

(0.0562) (0.0561) (0.0561)
ỹExp

it−4 0.300 0.438 0.435
(0.241) (0.2941) (0.2942)

ỹImp
it−2 0.704*** 0.826*** 0.823***

(0.0383) (0.0382) (0.0383)
ỹImp

it−3 0.290*** 0.416*** 0.414***
(0.0522) (0.0519) (0.0520)

ỹImp
it−4 0.0719 0.206 0.199

(01692) (0.1691) (0.1692)
ȳExp

i0 0.786*** 0.563*** 0.565***
(0.0360) (0.0369) (0.0370)

ȳImp
i0 0.769*** 0.557*** 0.562***

(0.0351) (0.0358) (0.0358)
Constant -3.774*** -4.173*** -3.561*** -3.967*** -3.546*** -3.992***

(0.226) (0.203) (0.219) (0.195) (0.219) (0.196)

Observations 43,897 43,897 43,897 43,897 43,897 43,897
ρ 0.514 (p-val=0.000) 0.514 (p-val=0.000) 0.514 (p-val=0.000)
Log pseudo-likelihood -18570.341 -18465.17 -18479.32

Notes:1. Industry and fixed years are included. 2. Robust standard errors are in parenthesis. 3. *** p-value<0.01,
*** p-value<0.05 ; *** p-value<0.1

2.4.1 Within exporting and within importing direct effects

We devote this section to the discussion of the results on within exporting direct

effects and within importing direct effects, in turn. Recall that the within exporting
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direct effect are composed of the export sunk costs effect and the demand learning

effect. Likewise, the within importing direct effect is the sum of the import sunk

cost effect and the import supply learning effect.

It is possible to observe in the estimates corresponding to the export equation

in Table 13, that regardless of whether we proxy within exporting direct effect

just using one-year lagged export participation (Specification 1) or one-year lagged

export participation plus export age (Specifications 2 and 3), within exporting direct

effects are positive and statistically significant, i.e. past export experience has a

direct positive effect on the probability of exporting. However, it is important to note

that not including export age in the estimation leads to an overestimation of the real

sunk cost effect. Comparison of the estimate corresponding to Specification 1 (2,119)

with those corresponding to Specifications 2 and 3 (1.403 and 1.395, respectively)

reveals that including export age (to capture demand learning effects) results in

approximately a 35% reduction in the estimated sunk costs parameters. Further,

the positive and significant estimate of the export age variable suggest that demand

learning effects have a positive impact on the likelihood of exporting (these estimates

are 0.679 and 0.675 in Specification 2 and 3, respectively).

We can use the estimates corresponding to Specification 2 to show the decomposi-

tion of the total effect of one-year export experience (within exporting direct effect).

Thus, the increase in the firm’s latent utility of exporting in period t from one-year

export experience can be calculated as γX
1 +γX

2 ln (EAit + 1) = 1.403+0.679×ln(2) =

1.950. Therefore, 71.9% of the one-year within exporting direct effect corresponds

to export sunk cost and the remaining can be attributed to learning. Timoshenko

(2015a), also for Colombia, attributes a larger weight to the learning effect (52.68%

of the total within exporting effect of one-year export experience).20 Nevertheless,

it should be taken into account that (Timoshenko, 2015a) considers an exogenous

Markov process for the law of motion of productivity that precludes the existence

of within exporting indirect effects and that very likely results in a higher estimate

of the learning component of the within exporting direct effect.

As for the within importing direct effects, we can observe in the estimates for
20See column 4 of Table 5 in Timoshenko, 2015a.
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the imports equation in Table 13 that in all specifications the variables used to cap-

ture within importing direct effects are positive and statistically significant (Mit−1

in Specification 1; and Mit−1 and log(MAit + 1) in Specifications 2 and 3) sug-

gesting that import experience is a relevant determinant of the probability of im-

porting. As it happens in the export decision equation, comparison of the sunk

costs coefficient of Specification 1 with those of Specifications 2 and 3 suggest that

not considering the possibility of import supply learning effects (i.e. not including

log(MAit + 1) in estimation) leads to an overestimation of the real import sunk

cost. When considering the learning effect in the within importing learning effect,

the estimate of the sunk costs effect experiments a reduction of almost 40% (from

1.729 in Specification 1 to 1.050 and 1.089 in Specifications 2 and 3, respectively).

The increase in the firm’s latent utility of one-year experience can be calculated as

γM
1 + γM

2 ln (MAit + 1) = 1.050 + 0.679 × ln(2) = 1.510. Thus, 58% of the total

within importing direct effect corresponds to import sunk costs and the remaining

42% to import supply learning. Therefore, our estimations suggest that the weight

of the learning component of the within importing direct effect is larger than that of

the within exporting learning effect, i.e. the scope for import supply learning seems

to be higher than that of demand learning.

The high export and import of intermediates persistence implied by the within

exporting and within importing direct effects is reinforced by the positive and highly

statistically signficant effects of the pre-sample means (capturing their permanent

effect through the firms’ individual effects).

At this point it is interesting analysing the pattern of depreciation of export and

import experience. The estimates for the variables ỹExp
it−2, ỹ

Exp
it−3 and ỹExp

it−4 in the ex-

ports equation capture the reduction in the starting-up export sunk cost for a firm

that last exported 2, 3 or 4 year ago, respectively (in comparison to the starting-up

sunk cost that must face a firm that has never exported before). Analogously, the

estimates for the variables ỹImp
it−2, ỹ

Imp
it−3 and ỹImp

it−4 in the imports equation measure the

reduction in starting-up import sunk costs for firms that last imported 2,3 or 4 years

ago, as compared to the starting-up import sunk costs that must incur a firm that

has never imported before. The estimates corresponding to the variables capturing
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the depreciation of export experience show in all specifications a decreasing pat-

tern, suggesting that the reduction in the starting-up export sunk costs is inversely

related to the number of years since last the firm exported (thus, for example, in

Specification 3, the estimates for ỹExp
it−2, ỹ

Exp
it−3 are for 0.908 and 0.647, respectively.).

Furthermore, the estimate for ỹExp
it−4 is not statistically significant in any specification

suggesting that firms that last exported four years ago do not enjoy any reduction

in sunk cost if they restart exporting.

As for the pattern of depreciation of import experience, firms that last imported

two or three years ago enjoy an import sunk cost reduction if they restart importing,

that is decreasing with the number of years without importing (in Specification 3,

for example, the estimates for ỹImp
it−2 and ỹImp

it−3 are 0.823 and 0.414, respectively) .

Further, firms that last imported four years ago do not enjoy any reduction in sunk

costs if they decide to restart importing (the estimate of ỹImp
it−4 is not significant in

any specification).

2.4.2 Indirect effects of exporting and importing

As explained above, we consider as indirect effects of exporting on importing and

vice versa to those that happen through enhanced productivity, e.g. past export ex-

perience contributes to increase current productivity and this has a positive impact

on the probability of importing. Therefore, detection of an indirect effect of export-

ing (importing) requires, first, to test whether past export and import experience

up to t − 2 has a positive effect on TFPt−1; and, second, whether TFPt−1 has a

positive impact on the probability of exporting (importing).

Our starting point to analyse the effects of past exporting and importing experi-

ence on productivity are equations (3.6) and (2.19). Combining these two equations,

as in Máñez Castillejo et al. (2020), we get:

ω̂j
it−1 =yj

it−1 − β̂
j
l lit−1 − β̂j

mmit−1 − β̂j
kkit−1 = (2.20)

= β0 + gt (kit−2,mit−2, dxit−2, dmit−2) + uit−1
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Further, if following Aw et al. (2011) and Máñez Castillejo et al. (2020), if we

linearly specify the conditional expectation in (3.5), we get the equation we use to

analyse the impact of past export and import experience on future productivity:

ω̂it−1 = β0 + λ1ω̂it−2 + λ2dxit−2 + λ3dmit−2 + νs + eit−1 (2.21)

where eit is an error term that allows for the potential existence of unobserved

heterogeneity. To account for the fact that in this estimation we pool the TFP

estimated for all industries, we include in equation (2.21) a set of industry dummies

(νs). Additionally, we control for other factors that may affect the evolution of

productivity by including a vector of observed firm characteristics (Xit−1), and year

effects (µt) aimed to capture time effects that are common across industries.The

vector Xit−1 includes firm’s size, markups, the proportion of skilled labour, whether

the firm perform R&D activities and the firm’s demand evolution. Thus, our final

estimation equation is:

ω̂it−1 = β0 + λ1ω̂it−2 + λ2dxit−2 + λ3dmit−2 + γXit−2 + νs + νt + eit−1 (2.22)

We estimate two different specifications of (2.22). In the first specification, we

proxy past export/import experience using lagged export/import participation dum-

mies (ExportsDummyt−1 and ImportsDummyt−1. In the second specification, we

use export/import age (measured by log(EA+1)t−1 and log(MA+1)t−1) . A positive

sign of λ1 signals the existence of productivity persistence. Positive and significant

estimates of λ2 and λ3 should be interpreted as evidence of learning-by-exporting

and learning-by-importing, respectively.

We estimate (2.22) using a panel-data estimator that treats the "initial condi-

tions" problem by means of controlling for the existence of correlated individual

effects. Following Blundell et al. (1999, 2002) this requires including as an addi-

tional regressor the pre-sample mean of ωit (we consider as pre-sample period the

years 2007 to 2009).

The estimates shown in Table 14 suggest a high degree of persistence in the
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evolution of productivity over time (the estimated coefficient for ωit−2 is positive

and statistically significant). Furthermore, regardless of the proxy used for past

export/import experience, our estimates suggest the existence of a positive effect of

past export/import experience (the estimates for the variables proxying for export

and import experience are positive and statistically significant), i.e. both past export

and import experience pay positive rewards in terms of productivity. Hence, our

estimates should be considered as evidence in favour of the existence learning-by-

exporting and learning-by-importing effects.

Table 14: Total factor productivity on Export and Import experience
Specification 1 Specification 2

TFPit−2 0.272*** 0.273***
(0.00467) (0.00466)

Export Dummyit−2 0.0295***
(0.00389)

Import Dummyit−2 0.0171***
(0.00398)

log(EA+1)it−2 0.0224***
(0.00280)

log(MA+1)it−2 0.0123***
(0.00302)

log(Markup)it−2 0.209*** 0.209***
(0.00469) (0.00469)

log(Size)it−2 -0.00175 -0.00241
(0.00149) (0.00149)

Skiled Labourit−2 0.00418*** 0.00417***
(0.000666) (0.000666)

log(R&D Dummy)it−2 0.00581* 0.00578*
(0.00307) (0.00306)

log(Positive growth dummy)it−2 0.0182*** 0.0187***
(0.00227) (0.00227)

TFP Pre-sample mean 0.0722*** 0.0720***
(0.00388) (0.00388)

Constant 1.014*** 1.024***
(0.0285) (0.0286)

Observations 43,855 43,855
Firms 8,996 8,996
R2 0.254 0.255

Notes:1. Industry and fixed years are included. 2. Robust standard
errors are in parenthesis. 3. *** p-value<0.01, *** p-value<0.05 ; ***
p-value<0.1
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With regard to the results for the vector of control variables included in the two

specifications of equation (2.22), they suggest that firms with higher markups, a

higher proportion of skilled labour, involved in R&D activities and facing an expan-

sive demand enjoy a higher productivity. However, once we control for these other

variables, the size variables are not significant. Finally, the productivity persistence

suggested by the positive estimate for lagged productivity is reinforced by the posi-

tive and highly significant effect of the productivity pre-sample mean (capturing its

permanent effect through firm’s individual effect).

As put forward above, once we have found evidence of a positive effect of both

past export and import experience on productivity, the empirical confirmation of

export and import indirect effect requires to check the sign and the statistical signif-

icance of TFPit−1 in equation (2.3). Both in the exports and the imports equations

(and regardless of the specification) the estimated coefficient for TFPit−1 is positive

and statistically significant (and quite similar in size for the exports and imports

equations, about 0.27). However, the fact that both export and import experience

have a positive effect on productivity precludes the separated identification of the

within exporting indirect effect and the cross indirect effect of importing on export-

ing, on the one hand; and, of the within importing indirect effect and the cross

indirect effect of exporting on importing, on the other hand.

Positive and significant estimates for λ2 and γX
4 suggest the existence of a positive

within exporting indirect effect. Analogously, positive and significant estimates for

λ3 and γX
4 are evidence in favour of a positive cross indirect effect of importing

on exporting. Nevertheless, the fact that both past export and import experience

enhance current productivity prevents the separate identification of each effect.

Likewise, positive and significant estimates for λ3 and γM
4 should be interpreted

as evidence of a within importing indirect effect; and, positive and significant es-

timates of λ2 and γM
4 suggest that cross indirect effects of exporting on importing

are in operation. Again, the problem is that given that both past import and ex-

port experience positively impact on productivity, we cannot identify each effect

separately.

All in all, although we can not identify some of the indirect effects separately,
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our results suggest the existence of both within and cross indirect effects of both

exporting and importing experience. These effects are linked, on the one hand, to

processes of learning-by-exporting and learning-by-importing that enhance produc-

tivity; and, on the other hand, to a process of self-selection/continuation of the more

productive firms into exporting and importing intermediates.

2.4.3 Cross direct effects of exporting and importing

Finally, we explore the direct effects of firms’ importing experience on export par-

ticipation and firms’ exporting experience on import participation in turn.

Estimation results of the different specifications of the export equation in Table

13 suggest the existence of cross direct effect of import experience on the likelihood

of exporting. Whereas in Specifications 1 and 2, we proxy past import experience

using one-period lagged import participation (ImportDummyt−1), in specification

3 we use the log of import age (log(MA+ 1)t−1), with the aim of capturing possible

learning effects associated to continuous importing. Our estimates for the export

equation in Specifications 1 and 2 suggest that firms that imported in t-1 are more

likely to export in period t (the estimate for the variable ImportDummyt−1 is in

both specifications positive and statistically significant, 0.179 and 0.163, respec-

tively). Estimates for Specification 3 of the export equation suggest that firms with

more import experience (higher import age) are also more likely to export in pe-

riod t (the estimate of log(MA + 1)t−1 is 0.123) . Therefore, as in Máñez et al.

(2020) for Spanish manufacturing, our estimates suggest the existence of a process

of learning-by-importing in terms of the probability of exporting. As sketched in the

introductory section there are two possible channels that explain this process: the

price channel and the quality channel. As for the price channel, if importing allows

firms accessing lower price intermediates and this is at least partially translated to

prices, the result would be that firms improve their competitiveness in international

markets. With respect to quality channel, if importing firms access higher quality

inputs, it may contribute to upgrade firm’s product quality fostering international

competitiveness.

Regardless of the proxy we use for export experience in the imports equation, we
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find that past export experience has positive cross direct effect on the likelihood of

importing. In Specifications 1 and 2, where we use as proxy for export experience

one-period lagged export participation (ExportDummyt−1), the estimated coeffi-

cient of this variable in the import decision equation is positive and statistically sig-

nificant (0.280 and 0.266 in Specification 1 and 2, respectively). Also in Specification

3, where we proxy past export experience using export age (ln(EA+1)t−1), the esti-

mate of the past export experience variable is positive and significant (0.159). Thus,

our estimation results suggest the existence of a process of learning-by-exporting in

terms of the probability of importing. As already put forward in the introduc-

tory section, the positive direct effect of past export experience on the likelihood of

importing may arise from various channels: i) profiting from international market

characteristics gained exporting; ii) if international markets are more competitive,

exporting firms may be forced to seek lower price intermediates in international mar-

kets; and, iii) if international markets demand higher quality products, a possibility

to upgrade product quality may be importing higher quality inputs.

The estimates for the vector of control variables are robust to the different spec-

ifications of equation 13 considered and quite similar in the exports and imports

equation. Thus, larger firms, firms with a higher percentage of skilled workers, with

higher average wage and facing an expansive demand are more likely to both im-

port and export. However, firms with higher markups are less likely to export and

import.

2.5 Concluding remarks

In this chapter we have analysed in depth the dynamic links between exports and

imports of intermediate inputs decisions. We have analysed not only the direct

links between exports and imports of intermediates, but also the possible indirect

links channelled through enhanced productivity resulting from firms exports and

imports of intermediates experience. Furthermore, we have been able to quantify

the importance of sunk costs and learning as determinants of firms’ exporting and

importing of intermediates persistence.
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Our estimation results confirm both the direct and indirect links between export-

ing and importing. Past exporting (importing intermediates) has a positive direct

impact on the current likelihood of importing (exporting). Further, experience in

both trading activities contributes to enhance productivity (this is evidence support-

ing LBI and LBE), and current productivity has a positive impact on the likelihood

of both exporting and importing. Therefore, as stated above, we find evidence not

only of direct effects of exporting (importing) experience on importing intermedi-

ates (exporting) decisions but also evidence on indirect effects through increased

productivity.

Our estimates also shed light on the quantification of the relative importance

of sunk costs and learning on exporting and importing intermediates persistence.

Both sunk costs and learning are relevant determinants of exports and imports per-

sistence, but our estimates suggest a higher weight for learning in the case of imports

of intermediates than in the case of exports. Furthermore, considering an endoge-

nous Markov process in the estimation of total factor productivity (differently to

Timoshenko 2015b) allows us to distinguish between the well-known LBI and LBE

processes in terms of productivity; and the demand learning linked to export experi-

ence and the import supply learning related to imports of intermediates experience.

These results turn out to be highly relevant in the design of economic policies

for an emerging country such as Colombia. First, facing the evidence that both ex-

porting and importing intermediates contribute to increase productivity, economic

policies should be addressed to ease firms’ export participation and avoid protec-

tionist measures that difficult the imports of intermediate materials. Very likely, a

country like Colombia will profit from the imports of high quality intermediate ma-

terials that incorporate foreign technology. Further, our results show that importing

intermediates fosters export participation and therefore is a crucial element in firms’

competitiveness.

Moreover, our results show that both exporting and importing intermediates are

self-fuelled activities (as the probability of continue undertaking them increases with

the years of experience in these activities). This is especially relevant in the case

of exports, as it suggests that to maintain a base of firms continuing exporting,
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an emerging country like Colombia should launch economic measures aimed not

only to ease the access of firms to sell in international markets but also help firms to

continue exporting during some initial years. After these initial years, the probability

of continuing exporting increases dramatically.
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Appendix

A2. Variables definition

Variable Definition
Output Production in revenue terms deflated using firm level price deflators.
Labour The number of hired workers per year.

Capital Real value of the stock of capital measured using the perpetual inventory
method.

Materials Real value of intermediate materials.

Exporters Dummy variable that takes the value of 1 if the firm exports output in the
current period t, and 0 otherwise.

Importers Dummy variable that takes the value of 1 if the firm imports intermediates in
the current period t, and 0 otherwise.

log(EA+1) Logarithm of export age.
log(MA+1) Logarithm of import age.
log(XExp) Export experience.
log(MExp) Import experience.
TFP Total Factor Productivity using endogenous Markov process.
TFP Pre-sample mean Pre-sample mean of the TFP in the years 2007 to 2009.

Markup
The output elasticity of the materials variable input divided by the revenue
share of this variable input lagged in one period. The revenue share is defined
as the total cost of that input over firm’s total output.

log(Size) Logarithm of number of employees.
Skilled labour Proportion of high skill labour in the firm’s labour force.

R&D Dummy variable taking value 1 if the firm invests in R&D activities, and 0
otherwise.

Positive growth sales Dummy variable that takes the value of 1 if the firm shows positive growth
sales , and 0 otherwise.

Demand evolution Dummy variable that takes the value of 1 if the firm declares to face an expan-
sive demand, and 0 otherwise.

log (wage per worker) Logarithm of the wage per worker.

Depreciation of exports experience Reduction in the starting-up export sunk cost for a firm that last exported 2,
3 or 4 year ago.

Depreciation of imports experience Reduction in the starting-up import sunk cost for a firm that last imported 2,
3 or 4 year ago.

Export Initial Conditions Pre-sample means of the dependent variables in export equation the years 2007
to 2009.

Import Initial Conditions Pre-sample means of the dependent variables in import equation the years 2007
to 2009.

Year dummies Dummy variables taking value 1 for the corresponding year, and 0 otherwise.

Industry dummies Industry dummies accounting for 19 industrial sectors of the OCDE classifica-
tion.
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Essay 3

On the substitutability and/or

complementarity among firms

internationalisation strategies

3.1 Introduction

The impact of trade activities on manufacturing firms’ productivity has been exten-

sively analysed both in the theoretical and empirical trade literature, and mainly for

developed countries. Most of the studies analyse either the possibility that export-

ing boosts firms’ productivity (learning-by-exporting, LBE hereafter) or the impact

of importing intermediate inputs on firms’ productivity (learning-by-importing, LBI

hereafter). 1

In recent years, some studies like Bernard et al. (2005), Bernard et al. (2007),

Muûls and Pisu (2009), Aristei et al. (2013) or Máñez et al. (2020) recognise the

linkages between firms exporting and importing activities. In this line, in the for-

mer essay, we analysed the links between imports and exports activities using a

framework that allowed us to consider both the effects of sunk costs and learning.

However, only a few empirical studies explore simultaneously the effects of im-
1See Silva et al. (2012), Martins and Yang (2009), Singh (2010) for evidence on LBE; and

Kasahara and Rodrigue (2008), Amiti and Konings (2007) and Halpern et al. (2015) for evidence
on LBI.
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porting intermediates and exporting on productivity at the firm level. Among them,

it is worth mentioning, Kasahara and Lapham (2013) and Máñez et al. (2020). Kasa-

hara and Lapham (2013) propose a model with heterogeneous final good producers

who simultaneously choose whether to export their output and to use imported in-

termediates. They estimate a structural model with Chilean plant-level data that

confirms that there are aggregate productivity and welfare gains due to trade in both

final goods and intermediates. Máñez et al. (2020) estimate total factor productivity

(TFP, hereafter) using a modified version of the control approach method (see Olley

and Pakes, 1996; Levinsohn and Petrin, 2003), in which they allow past import and

export experience to affect productivity. Then, they use this estimated TFP as the

dependent variable of an equation in which they test for LBI and LBE while ex-

plicitly recognising the existence of productivity persistence. Their results suggest

that, whereas large firms benefit both from LBI and LBE in terms of productivity,

large firms only benefit from LBI.

This essay attempts to contribute to the existing literature measuring the effects

of internationalisation strategies on firm’s productivity. More specifically, we aim to

explore the effect of different firms’ internationalisation strategies (only importing,

only exporting and both importing and exporting) upon total factor productivity.

Particularly, we are interested in testing the possible existence of complementar-

ity/substitutability relationships between importing and exporting in terms of pro-

ductivity.

Analysing complementarity/substitutability between exporting and importing

requires to acknowledge that both internationalisation activities may have both

direct and indirect effects on productivity. We introduce direct and indirect effects in

turn. We consider as direct effects of exporting on productivity, the potential gains

in productivity that stem from export participation and usually related to LBE.

These productivity gains are usually associated to growing sales that allow firms

to profit from economies of scale, from knowledge flows from foreign customers (in

the form of innovations that help reducing costs and/or improving the quality of

the firm’s products), and also from increased competition in export markets, forcing

exporters to become more efficient (Máñez-Castillejo et al., 2010; Manjón et al.,
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2013; Crespi et al., 2008). Evidence on LBE is mixed and far from conclusive. Some

studies do not find any evidence on LBE, and among those that provide evidence in

favour, there is no agreement either in the magnitude or the duration of the LBE

effect.

We consider direct effects of importing intermediates on productivity those usu-

ally related to LBI. Importing of intermediates can result in productivity increases

if it allows firms to access to a wider variety of inputs, and/or to higher quality

inputs and lower price inputs (mainly in developed countries), adopt or imitate new

technologies from foreign markets, and to obtain knowledge embodied in imported

inputs (Halpern et al., 2015), (Bekes and Altomonte, 2009). This last possibility is

especially relevant for firms in emerging economies. The empirical evidence on LBI

is scarcer and also mixed. Van Biesebroeck (2003) using Colombian data, finds that

productivity growth is correlated more strongly with firm’s export status than with

the use of imported inputs; and, similarly, Muendler (2004) finds a small contribution

of foreign materials and investments goods on output, for Brazil. In contrast, Kasa-

hara and Rodrigue (2008), Amiti and Konings (2007) and Halpern et al. (2015) find

that importing intermediates has a positive effect on firms’ productivity for Chile,

Indonesia and Hungary, respectively.

We understand for indirect effects, the effects of firms’ exporting (importing)

strategies that accrue to productivity through their possible enhancing effects on

the probability of importing (exporting). Should exporting (importing) results in

productivity gains and reduces the sunk costs associated to start importing (export-

ing), exporting (importing) firms will be more likely to start importing (exporting)

than firms without previous exporting (importing) experience; and, start importing

(exporting) could trigger the LBI (LBE) mechanism what would bring additional

productivity increases.

As for the sunk cost reduction, Aristei et al. (2013) points out that there are some

sunk costs that may be common to both activities. The acquisition of knowledge

obtained in the import/export activities, through contacts with providers or cus-

tomers, learning from international laws, government regulations, taxation, among

others (Kasahara and Lapham, 2013), allows firms gaining expertise in the interna-
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tional markets that very likely will contribute to reduce the sunk costs to start selling

output abroad or importing intermediates. Additionally, as raised by Aristei et al.

(2013) or Albornoz and Garcıa-Lembergman (2019), the new contacts among ex-

porters might create new information channels that incentive importing high quality

inputs to improve the characteristics of the products firms sell abroad.

With respect to the increase in productivity associated to exporting (importing)

that may increase the probability of importing (exporting), it is just related to the

self-selection mechanism of the more productive firms into importing (exporting)

(Melitz, 2003). Complementarities between firm’s importing and exporting activities

(in terms of higher productivity) stem from these indirect effects, which contribute

to reinforce the possible positive effects on productivity of performing already only

one of the two internationalisation strategies considered.

Nevertheless, becoming a two-way trader when the firm is only-exporting or

only-importing is not without risk.2 For a firm, starting to export when it is already

importing might suppose detracting resources devoted to efficiently importing. It

might imply that the firm devotes less resources to access lower price and/or high-

quality inputs, that it has less possibilities to learn about new technologies from

foreign markets, and it might make more unlikely to obtain knowledge embodied in

foreign inputs. The consequence is that the possibilities of profiting from LBI get

diluted. Furthermore, if even detracting resources from importing, the firm is not

able to allocate enough resources to establish an efficient exporting activity, then

the opportunities of the firm to profit from the productivity enhancement associated

to exporting substantially decrease.

Analogously, if a firm that is already exporting needs to withdraw resources

from the export activity to start importing, possible consequences are that foreign

sales may suffer (reducing the possibilities of profiting from economies of scale) and

knowledge flows from foreign customers would be less likely. Therefore, withdrawing

resources from exporting to allocate them to start importing might imply a reduction

in the firm’s possibilities of benefiting from the LBE mechanism. Moreover, if even

after withdrawing resources from exporting, the firm is not able to obtain enough
2We will refer as two-way traders to the firms that both export and import.
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resources to start a successful importing activity, then it will find difficult to profit

from the possible productivity improvement associated to importing.

In those cases in which a firm needs to withdraw resources from an internation-

alisation strategy to start another, may arise a substitutability relationship between

exporting and importing.

Limited availability of resources to start importing (exporting) when the firm is

already exporting (importing) or the need of withdrawing resources from exporting

(importing) to start importing (exporting) may be quite common among SMEs

operating in emerging countries. SMEs in emerging countries are very likely to be

short of internal resources and face difficulties to access to external financing. Thus,

in our analysis for Colombia we will not be surprised if we find a relationship of

substitutability between exports and imports.

To test for complementarities/substitutabilities between exporting and import-

ing, we use a two-stage procedure. In the first stage, we use a modified version

of the generalised method of moments estimator proposed by Wooldridge (2009)

to jointly estimate the parameters of the production function and the coefficients

capturing the effects of firms’ internationalisation strategies on productivity. More

specifically, in line with De Loecker (2013) (for exports) and Kasahara and Rodrigue

(2008) (for imports) or Máñez et al. (2020) (for exports and imports), we consider

a more general law of motion of productivity in which we include a set of dummy

variables fully characterising firms’ past internationalisation strategies. In the sec-

ond stage, we use the coefficient estimates of the internationalisation strategies to

test for complementarity/substitutability between internationalisation choices (im-

porting and/or exporting) using the methodology suggested by Carree et al. (2011)

and applied in Añón-Higón et al. (2018). Moreover, we aim to analyse whether

the effect of firms’ internationalisation strategies on productivity depends on the

technological regime in which the firm operates. Thus, we break down our analysis

by the technological intensity of the sectors, according to the OECD classification

(Hatzichronoglou, 1997). We perform the analysis using an unbalanced sample of

Colombian manufacturing firms extracted from the Annual Manufacturing Survey

(EAM) for the period 2007-2016. Analysing the impacts on productivity of firms’

159



internationalisation strategies for an emerging country like Colombia is especially

interesting. Typically, in emerging countries a disproportionate proportion of firms

are SMEs (91% in the case of Colombia). Since these firms are more likely to suffer

from financial constraints, the need of detracting resources from an internationali-

sation strategy (either importing or exporting) when starting another one, may give

rise to a pattern of substitutability between exporting and importing.

To anticipate our main results, our analysis uncovers that whether export and

imports are complements or substitutes (in terms of productivity) depends upon the

technological regime in which the firm operates. Whereas in low tech and low-med

tech sectors exports and imports appear to be substitutes in terms of productivity,

in the med-high tech sector our estimations suggest that they are complements. A

possible reason behind this differential result is that most of the companies in the

low tech and med-low tech sectors do not have access to the necessary resources

to efficiently start a second internationalisation strategy; or, even, to start the new

internationalisation activity they have to reduce the volume of resources devoted

to that internationalisation activity they were already carrying out (very likely due

to financial constraints). Nevertheless, firms in the med-high tech sector may have

better access to the resources needed to implement a second internationalisation

strategy.

The remainder of the essay is organised as follows. Section 2 presents the em-

pirical strategy and discuss estimation methods. Section 3 describes the data and

section 4 presents the empirical results. Finally, section 5 concludes.

3.2 Empirical strategy

3.2.1 Production Function

To capture substitutability and complementarity among different internationalisa-

tion strategies, we follow a procedure to estimate productivity that is similar to that

used in previous essays. This is, we assume that firms produce a homogeneous good

using a Cobb-Douglas production technology. Thus,
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yit = β0 + βllit + βkkit + βmmit + ωit + ηit (3.1)

where yit denotes the natural log of firm’s i output in period t; lit is the natural

log of the effective hours worked; kit is the log of capital stock; and, mit is the

log of the consumption of materials. Finally, wit is the productivity that is not

observable to the econometrician but observable or predictable by the firm, and ηit

is a standard i.i.d. error term that is neither observed nor predictable by the firm.

We also assume that capital is a state variable, whereas total hours of labour and

intermediate materials are variable factors.

To obtain consistent estimates of the inputs elasticities and estimates of TFP

residuals, we follow Wooldridge (2009), who argues that both Olley and Pakes (1996)

and Levinsohn and Petrin (2003) and semiparametric estimation methods can be

reconsidered as consisting of two equations that can be jointly estimated by GMM.

The first equation deals with the problem of endogeneity of the variable inputs; and,

the second one, deals with the issue of the law of motion of productivity. In the first

equation, to solve the problem of endogeneity of labour and materials, we follow a

modified version of Levinsohn and Petrin (2003), suggested by De Loecker (2013),

in which we consider that the demands of intermediate materials are different for

firms with different internationalisation strategies. Thus, we write the demand of

materials as:

mit = mInt (kit, ωit) (3.2)

where the subscript Int denotes different demands of intermediate materials accord-

ing to firms’ internationalisation strategies (only-exporter ; only-importer ; two-way

traders; and, non-traders).

Under the scalar unobservable and monotonicity assumptions, we can invert

equation (3.2) and express unobserved firm productivity in terms of observables:3

3The scalar unobservable assumption implies that the only unobservable in mInt(·) is ωit. The
monotonicity assumption implies that the demand of intermediate materials mInt(·) is strictly
monotonic in unobserved productivity, ωit.
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ωit = m−1
Int (kit,mit) = hInt (kit,mit) (3.3)

where hInt is an unknown function of kit and mit. Substituting (3.3) in (3.1), we

obtain the first estimation equation of the GMM system:

yit = β0 + βllit + βkkit + βmmit + hInt (kit,mit) + ηit (3.4)

since hInt is proxied by third-degree polynomials in its arguments, the parameters

βk and βm in (3.4) cannot be identified. This problem is solved by the inclusion

of a second equation in the GMM system that deals with the law of motion of

productivity. Following Añón-Higón et al. (2018), we consider that productivity

follows an endogenous Markov process in which ωit does not depend only on ωit−1

but also on firm’s past import and export experience captured by a set of dummy

variables fully characterising firms’ internationalisation strategies.4 Thus,

ωit = f(ωit−1) + γ1,0s(1, 0)it−1 + γ0,1s(0, 1)it−1 + γ1,1s(1, 1)it−1 + ξit, (3.5)

where f(·) is an unknown function that relates productivity in t to productivity

in t − 1. s(exp, imp)it−1 (for exp = {0, 1}, imp = {0, 1}) is an indicator of firm i

internationalisation strategy in t − 1. Four possible internationalisation strategies

are possible: i) only-exporter, s(1, 0); ii) only-importer , s(0, 1); iii) two-way trader,

s(1, 1); and, iv) non-trader, s(0, 0). Finally, ξit is an innovation term uncorrelated

by definition with kit.

Substituting (3.5) in (3.1), we obtain the second estimation equation of the GMM

system:

yit =β0 + βllit + βkkit + βmmit + gt (kit−1,mit−1) +

γ1,0s(1, 0)it−1 + γ0,1s(0, 1)it−1 + γ1,1s(1, 1)it−1 + uit

(3.6)

4See Doraszelski and Jaumandreu (2013) and De Loecker (2013) for similar approaches for R&D
and exports, respectively
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where gt (kit−1,mit−1) = f(hInt (kit−1,mit−1)) is a unknown function to be proxied by

third degree polynomial in its respective arguments and uit = ωit +ηit is a composed

error term.

Following Wooldridge (2009), equations (3.4) and (3.6) can be estimated jointly

under appropriate instruments and moment conditions for each equation. The in-

strumental variables for equation (3.4) are:

zit(1) =
(
1, lit, kit,mit, c

1
it

)
(3.7)

where c1
it is a third-degree polynomial in kit and mit without including kit. The

instruments for equation (3.6) are:

zit(2) = (1, kit, lit−1,mit−1, cit, s(1, 0)it−1 + s(0, 1)it−1 + s(1, 1)it−1) (3.8)

where cit is a third-degree polynomial in kit and mit. This procedure allows us

to obtain both the coefficient estimates of the production function (for the three

technological intensity sectors considered) and the productivity estimates, that are

obtained as a residual:

ωj
it = yj

it − β
j
l lit − β

j
kkit − βj

mmit (3.9)

where ωit is the estimated productivity in logs for firm i at time t belonging to

industry j.

3.2.2 Test for complementarity and/or substitutability

To test for complementarity/substitutability between importing and exporting, we

use the set of parameters γ, introduced in the law of motion of productivity to

characterize firms’ past internationalisation strategies. Following Añón-Higón et al.

(2018) and Carree et al. (2011), and given that s(0, 0) is the reference category, the

null hypothesis of complementarity between exporting and importing would require

that the following inequality strictly holds:
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H0 : γ(1,1) − γ(1,0) − γ(0,1) > 0 (3.10)

If inequality (3.10) holds, then an internationalisation strategy that combines

exporting and importing renders a larger positive effect on productivity than the

sum of the results of only-exporting and only-importing. Conversely, the null of

substitutability between importing and exporting would imply:

H0 : γ(1,1) − γ(1,0) − γ(0,1) < 0 (3.11)

Therefore, if inequality (3.11) holds the sum of the positive effect on productivity

of exporting and importing individually is larger than that associated to combine

importing and exporting.

3.3 Data and descriptive analysis

To analyse complementarity/substitutability between importing and exporting strate-

gies on productivity, we match the Annual Manufacturing Survey (EAM) and the

Technological Development and Innovation Survey (EDIT). Firms with missing data

on key variables are removed from the sample, as well as some outliers.5 Further,

due to the small number of observations in specific sectors, we merge some sectors

as follows: industry 15 with industry 16; industry 17 with industry 18; and, indus-

try 30 with industry 32.6 Thus, we have 19 industries that are classified into three

technological intensity sectors, according to the OECD technological intensity clas-

sification (Hatzichronoglou, 1997).7 After merging ten EAM waves with five EDIT

waves, we end up with an unbalanced panel data for ten years (2007-2016) with

71,825 observations corresponding to 10,863 firms.
5We only consider those observations for the relevant variables that do not have missing data

and that are included between the centiles 1 and 99.
6We join these industries as they produce related outputs. After merging, industry 15 includes

Beverage/Food and Tobacco; industry 17 includes Textiles, textile products, leather and footwear;
and, industry 30 includes Manufacture of Office, accounting and computing machinery, Radio, TV
and communications equipment.

7Due to low number of observations in the high tech sector, we merge it with the med-high tech
sector.
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Next, we focus on the patterns of firms’ internationalisation strategies. Table 15

displays some descriptive statistics for the internationalisation strategies, by tech-

nological intensity sector and firm size.

In the top panel of Table 15, we report the descriptive statistics for the full

sample of firms. We observe that the majority of firms are not actively involved

in international trade activities (about 69% of the observations correspond to firms

that neither export nor import). Further, for the full sample, observations that cor-

respond to two-way traders (13.7%) exceed those that correspond to only-exporters

and only-importers (10.8% and 6.8%, respectively). These figures are similar across

the different technological intensity sectors except for the med-high one. For this

sector, the percentage of observations corresponding to two-way traders (23.1%)

more than doubles that corresponding to only-exporters (12.5%) and it is almost

four times that corresponding to only-importers (7.9%).

In the middle panel of Table 15, we report the descriptive statistics for the SMEs

sample. Both in the low tech and med-low tech sectors the percentage of observations

that correspond to non-traders (more than 70%) is substantially larger than in

the med-high tech sector. Furthermore, the percentages corresponding to firms

involved in different active internationalisation strategies are quite different across

technological intensity sectors. In the low-tech sector, the percentage of observations

that correspond to only-exporters (10.1%) almost doubles that corresponding to

only-importers and two-way traders (5.2% and 5.7%, respectively). In the med-low

tech sector, the percentage of observations that correspond to only-exporters, only-

importers and two-way traders are quite similar (9.5%, 9.1% and 9.9%, respectively).

Finally, in the med-high tech sector the percentage of observations corresponding

to two-way traders (17.58%) is about 5 and 7 percentage points higher than those

corresponding to only-exporters and only-importers, respectively.

In the bottom panel of Table 15, we can observe that large firms are much more

likely to participate in international trade than SMEs (whereas the percentage of

observations corresponding to non-traders for small firms is 73.5% for large ones is

20.47%). Among large firms actively involved in international trade, regardless of

the technological intensity sector, the prevalent internationalisation strategy is both
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to import and export (for small firms involved in international trade, except in the

med-low tech sector, the most common strategy is only-exporting). Further, it is

interesting to highlight three interesting observational facts that relate firms’ inter-

national trade strategies to the technological intensity of the sector in which firms

operate: i) the percentage of observations corresponding to non-traders decreases

as technological intensity increases; ii) the percentage of observations corresponding

to two-way traders increases with technological intensity; and, iii) the percentage

of observations corresponding to only-exporters and only-importers decreases with

technological intensity.

Table 15: Share of internationalisation strategies by technological intensity sectors
All firms Low Med-Low Med-High

All firms
Only-exporter 10.75% 10.47% 9.91% 12.53%
Only-importer 6.83% 5.63% 8.96% 7.90%
Two− way-trader 13.74% 9.97% 15.27% 23.08%
Non-trader 68.68% 73.93% 65.86% 56.48%
SMEs
Only-exporter 10.53% 10.13% 9.53% 12.58%
Only-importer 6.67% 5.23% 9.10% 10.02%
Two− way-trader 9.06% 5.73% 9.91% 17.58%
Non-trader 73.75% 78.91% 71.46% 59.83%
Large firms
Only-exporter 14.87% 13.85% 13.72% 9.55%
Only-importer 9.73% 9.81% 7.47% 5.83%
Two− way-trader 69.79% 53.25% 68.89% 72.80%
Non-trader 20.47% 23.09% 9.92% 11.82%

All in all, we can conclude that internationalisation is not a widespread phe-

nomenon among Colombian manufacturing firms, as less than one third of firms

are involved in these activities. Moreover, it is interesting to note that the active

participation in international trade is much more common among large firms than

among small firms and that firms’ internationalisation strategies seem to be related

to the technological intensity of the sector in which the firm operates.

Next, we use a simple regression analysis to identify some stylised facts about

only-exporters, only-importers and two-way traders. The aim of these regressions is

to investigate the link between firms’ internationalisation strategies and some basic

firm’s characteristics. With this objective, we estimate the following reduced form
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equation:

log(yit) = β0 + β1,0s(1, 0)it + β0,1s(0, 1)it + β1,1s(1, 1)it + αlog(sizeit)+
19∑

j=2
λjindj +

2016∑
t=2007

λtyeart + εit

(3.12)

where the dependent variable can be alternatively: output per worker, capital per

worker, materials per worker and size (measured as the number of employees). The

variables s(0, 1)it,s(1, 0)it and s(1, 1)it represent firms’ internationalisation strategies,

as defined above. We also include size, and industry and year dummies as controls.8

The differences, in percentage, between only-exporters/only-exporters/two-way

traders and non-traders, computed from the estimated coefficients βI (for I =

(1, 0), (0, 1), (1, 1)) as 100×(exp(βI)−1), indicate the average percentage differences

for each of the four characteristics under analysis, once we control for industry, year

and firms’ size. Results of this regression analysis, shown in Table 16, suggest that

firms actively involved in international trade are larger, more productive (in terms

of output per worker) and more capital and materials intensive than non-traders.

These significant differences provide empirical support to our decisions when esti-

mating TFP: i) considering different demands of intermediate material according

to firm internationalisation strategies; and, ii) endogenizing the law of motion of

productivity to allow past trading experience to affect current productivity.

Table 16: Differences between exporters and importers
Difference in %

(Only exporters)
Difference in %

(Only importers)
Difference in %

(Both)
Output per worker 50.61***(0.012) 78.86***(0.013) 140.181***(0.012)
Capital per worker 36.98***(0.017) 72.27***(0.021) 167.56***(0.018)
Materials per worker 51.68***(0.014) 93.15***(0.015) 164.36***(0.014)
Size 136.37***(0.014) 143.28***(0.017) 617.05***(0.013)

Notes:1. Robust standard errors are reported in parenthesis. 2. ***, **, * denote level of significance
at 1%, 5% and 10 %, respectively.

8We exclude size from the set of control variables when size is the dependent variable.
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3.4 Empirical results

We show in Table 17 the estimates of the revenue production function (3.1). The top

panel of Table 17 show the elasticities of labour, materials and capital. The bottom

panel presents the estimates of the effects of firms’ internationalisation strategies

on firms’ productivity (the reference category is non-traders, s(0, 0)). These are the

parameters of the endogenous law of motion of productivity (3.5) which were jointly

estimated with the rest of the parameters of the production function. In column (1)

we report the results for the full sample, and in columns (2) to (4) the breakdown

by technological intensity sector.

Results for the full sample provide evidence of a positive and significant effect of

active internationalisation strategies on productivity (in comparison to non-traders).

Whereas the positive impact of only-exporting and only-importing is quite similar

(6.4% and 5.9%, respectively), being a two-way trader pays higher rewards in terms

of productivity (11.4%). The breakdown by technological sectors reproduces this

pattern, except for the low-tech sector. For this sector the internationalisation

strategy with the highest positive effect on productivity is only-importing (6.3%).

It is also worth to note that the positive effect of only-exporting and both importing

and exporting is increasing in the technological intensity of the industry in which

the firm operates. Nevertheless, the highest effect of only-importing corresponds to

firms operating in med-tech industries.

Table 17: Effect of the internationalisation strategies on firm productivity
Full sample Low Med-Low Med-High

Labour 0.274***(0.001) 0.250***(0.001) 0.236***(0.002) 0.263***(0.003)
Materials 0.871***(0.011) 0.830***(0.015) 0.865***(0.018) 0.948***(0.023)
Capital 0.063***(0.004) 0.061***(0.005) 0.045***(0.007) 0.082***(0.011)
Internationalisation strategies
Only-Exporter, s(1,0) 0.064***(0.003) 0.042***(0.004) 0.069***(0.007) 0.120***(0.008)
Only-importer, s(0,1) 0.059***(0.004) 0.063***(0.006) 0.080*(0.007) 0.044***(0.010)
Two-way traders, s(1,1) 0.114***(0.003) 0.038***(0.005) 0.130***(0.006) 0.200***(0.007)
Observations 56,900 32,764 12,873 11,263

Notes:1. The dependent variable is (log) gross output. 2. Robust standard errors are reported in parenthesis. 3.
***, **, * denote level of significance at 1%, 5% and 10 %, respectively.

Next, we use the estimated coefficients for firm internationalisation strategies

(shown in Table 17) to formally test for complementarities/substitutabilities between

internationalisation strategies. With this aim, we define:
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δ̂ = γ̂1,1 − γ̂1,0 − γ̂0,1 (3.13)

where δ̂ measures the difference between the returns (in terms of productivity) of

combining exporting and exporting (returns for two-way traders) and the sum of the

returns of only-exporting and only-importing. Following Añón-Higón et al. (2018),

we test for complementarities/substitutabilities using a two-step procedure. In the

first step, we test whether δ̂ is statistically significantly different from zero (two-

sided test). If we reject the null of δ̂ = 0, then we proceed to the second stage: if δ̂

is positive we test for complementarity (one-sided test); and, if it is negative, then,

we test for substitutability (one-sided test). A positive and significant estimate for δ̂

should be considered as a sign in favour of the existence of complementarity between

exporting and importing, i.e. the productivity returns of combining exporting and

importing (as two-way traders do) are higher than the sum of the returns of only-

importing and only-exporting. In contrast, a negative and significant estimate for δ̂

should be interpreted as evidence in favour of substitutability between exporting and

importing: the sum of the productivity returns of only-importing and only-exporting

outweigh those of combining exporting and importing.

Table 18: Testing for complementarity and substitutability
Full sample Low Med-Low Med-High

Complementary test
δ̂ -0.009 -0.067 -0.021 0.035
χ2(1) 2.870 69.530 3.740 6.940
Two-sided test p-value 0.090 0.000 0.053 0.008
One-sided test p-value 0.045 0.000 0.026 0.004

Results of the tests of complementarity/substitutability are shown in Table 3.4.

First, we show the value of δ̂ and the p-value corresponding to the null δ̂ = 0 (two-

sided test). Second dependent upon δ̂ being positive or negative, and statistically

significant according to the p-value of the corresponding one-sided test, we will

obtain evidence of complementarity or substitutability. In column (1) we report the

result of the test for the full sample, and in the columns (2) to (4) the breakdown

by technological sectors.
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For the full sample of firms, we find evidence of substitutability since δ̂ is neg-

ative and statistically significant. As for the technological intensity breakdown, we

find also evidence of substitutability for the med-low and low tech intensity sec-

tors. Nevertheless, in the med-high tech sector we find evidence of complementarity.

Therefore, our results suggest that in Colombian manufacturing the existence of

complementarity/substitutability between exporting and importing depends on the

technological regime in which the firm operates: only in the med-high tech sector

importing and exporting are complementary, in terms of productivity.

As already pointed out in the introduction, the result of substitutability, between

exporting and importing, in the low and med-low technological industries in Colom-

bian manufacturing is not surprising. Many firms operating in these sectors in an

emerging country, such as Colombia, are very likely to be short of internal resources

and with difficulties to access external financing. This may imply that when already

involved in an internationalisation activity (exporting or importing), they may lack

the ability to generate enough resources to efficiently set up a second international-

isation activity. It may be even the case that they need to detract resources from

the ongoing activity in order to start the new activity. This may bring forth nega-

tive consequences on firm productivity: on the one hand, without securing enough

resources to perform a second internationalisation strategy, it is difficult to profit

from LBI, in case this second activity is importing, or from LBE, in case it is export-

ing; on the other hand, detracting resources from the ongoing internationalisation

activity may halt the positive effects of this activity on productivity,

Nevertheless, it seems that firms operating in Colombian med-high tech indus-

tries are less likely to have to detract resources from one internationalisation activ-

ity when starting another. This would allow them to fully profit of productivity

enhancement linked to LBE and LBI.

3.5 Conclusions

This essay sheds light on the existence of complementarities/substitutabilities be-

tween exporting and importing in the manufacturing sector of an emerging economy,
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namely Colombia. Our results suggest that whereas importing and exporting are

substitutes (in terms of productivity) for low-tech and med-low tech industries, they

are complements in for med-high industries.

Our results suggest that Colombian firms operating in low and med-low tech

sectors lack the resources to adequately combine exporting and importing. Should

these firms start a second internationalisation activity when they are already per-

forming one, they might lack the necessary resources to start up efficiently this

second activity. In many cases, these firms will need to withdraw resources from

the ongoing internationalisation strategy. This poses two problems that may give

rise to the observed substitutability between exports and imports: on the one hand,

under investing in setting up the second activity may prevent firms from profiting

from LBI, if the second activity is importing, or from LBE, if it is exporting; on

the other hand, detracting resources from the ongoing internationalisation strategy

may halt the productivity enhancement effects associated to this activity.

Firms in med-high tech sectors seem to better suited to combine importing and

exporting activities. Very likely for these firm is easier to access the necessary

resources to perform both activities efficiently. This would allow them to profit

from the productivity enhancement effects of both activities, and would contribute

to explain the pattern of complementarity between exports and imports observed

for this group of firms.

With respect to the policy recommendations and managerial implications, our

results suggest that firms operating in low and med-low tech sectors should con-

centrate their efforts in a single-activity internationalisation strategy. Unless they

are able to secure the resources to efficiently start up a second internationalisation

strategy without withdrawing resources from the ongoing one, they should not get

involved in a second internationalisation strategy. Otherwise, it could have negative

effects on productivity. The role of public policy is to ease these firms the access to

the necessary resources to efficiently perform both activities. Evidence suggest that

firms operating in med-high tech sectors that are endowed with these resources are

able to profit from both internationalisation activities jointly.
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Essay 4

The impact of ICT on exporting

activities for a developing country:

firm-level evidence from Colombia

Abstract

The aim of this chapter is to study the influence of ICT on firms’ export activities

using micro-level data for the Colombian manufacturing industry. In doing so, we

pay special attention to the firm’s export decision (propensity) and to their per-

formance on international trade markets (intensity). We contribute to the scarce

empirical literature mostly in Latin America by exploring this linkage and including

some novelties as the cross effect of imports on exports, the role of initial conditions

problem and the depreciation of export experience. Initially we consider a Tobit

II-Heckman framework to deal with the selection problem, but due to the insignifi-

cance of Inverse Mills ratio, we assume an uncorrelated process and then we estimate

both equations by separated using a random effects probit model for propensity and

a Generalized Linear Model (GLM) for intensity. For this purpose, we merge three

data bases at level of firms: The Annual Manufacturing Survey (EAM); the Techno-

logical Development and Innovation Survey (EDIT) and the Annual ICT Manufac-

turing Survey (EAM-TIC); published by the National Administrative Department

of Statistics (DANE) in four waves since 2013 to 2016. Our main results suggest
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that the impacts of information technologies on export propensity are always pos-

itive regardless the ICT analysed, while their influence on export intensity is also

positive but discretionary. Other results show persistence on exports, cross effects

between exports and imports, also there is evidence of self-selection into the export

markets as well as depreciation of export experience.

4.1 Introduction

Information and communication technologies (ICT) are the set of computer equip-

ment, communication media, software and systems of computer network used to

manage, process, store and transmit information for any person, organisation or

firm.1 ICT have an important effect in our societies as they have changed how

people live and interact and how firms produce goods and services. In fact, they

contribute to creative destruction (Schumpter, 1942), since they transform the soci-

ety through constant change of old technologies by new ones, and establishing new

social orders that modify not only human beings interactions, like communication

(e-mail) or education (e-learning/e-competences), but also firms’ key aspects such

as production routines (Böckerman et al., 2019) through e-banking (Pezderka et al.,

2012), or e-marketing, (Eden and Gaggl, 2014), and exports and imports activities

(e-commerce) (Terzi, 2011; Xing, 2018), among others

The advantages related to invest and use ICT for firms are diverse: ICT re-

duce transaction costs (such as costs of information or transport), improve firms’

administrative management, boost of economies of scale, increase business oppor-

tunities, expand market reach and foster innovations, (Barba-Sánchez et al., 2007;

Grazzi et al., 2016). In other words, ICT have an important impact on firm’s com-

petitiveness in local and international markets and fosters its growth (Jorgenson

et al., 2000). Most of the studies in developed and developing countries investigate

the relationship between ICT and firm’s productivity or the ICT-innovation link
1Specifically, ICT are conformed by computer equipment as desktops, personal computers, cell

phones, portable audio, video players, game consoles (denominated communication technologies,
CT). It also includes communication media like television, radio or conventional telephony (de-
nominated information technologies, IT). Additionally, they also consist in software and systems
of computer network such as Internet, Intranet or Extranet.
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(Cordelia, 2006). Yet, the analysis of the influence of ICT on internationalization

strategies is quite recent, both in developed and emerging economies, especially for

exporting (Añon and Bonvin, 2019; Hagsten and Kotnik, 2017). In Latin America

this topic is barely explored, and as far as we know there is only one study in this

direction carried out by Mathews and Bianchi (2010) for Chile.2 It is worth to

mentioning that in Colombia this topic remains unexplored.

The Economic Commission for Latin America and the Caribbean (CEPAL) un-

derlined that some of the main causes behind the slow internationalization of Latin

American firms are: the lack of information on foreign markets, commercial and

non-commercial barriers, and inadequate network connections, (Ueki et al., 2005).

However, Parker and Castleman (2007) or Higón (2012) consider that the adoption

and use ICT are key for firms’ survival in the current globalized economy, regardless

of the country where firms are located. In this line, a first piece of evidence for Latin

America is Mathews and Bianchi (2010), who uncover that ICT play an important

role in the export process of Chilean firms. Thus, even in the case of emerging

economies, the adoption of ICT by firms might allow to reduce the technological

gap with local and foreign competitors.

In the case of Colombia, we consider that manufacturing firms have gradually

incorporated in international markets though the adoption of ICT, specially SMEs

in the last decade. This hypothesis is supported by several empirical facts. There

is a strong correlation between the increasing in imports and exports in Colombian

manufacturing and the use of ICT.3 Colombia is the fourth largest economy in Latin

America (after Brazil, Argentina and Mexico) and it has initiated trade agreements

with the United States, the European Union and China in the new millennium. The

Ministry of ICT was created in 2009 to promote business competitiveness and help

the massive adoption of ICT by firms (especially SMEs). The ministry has been

investing around US$300 million on average per year in the last decade, which rep-

resents about 1% of Colombian GDP. 4 According to the National Administrative
2There is another piece of research for Peru (Peña-Vinces et al., 2012) but this is related to

firm’s competitiveness.
3https://www.dane.gov.co/files/investigaciones/boletines/tic/pres_tic_empresas_2016.pdf
4https://www.mintic.gov.co/portal/604/w3-propertyvalue-566.html

178

https://www.dane.gov.co/files/investigaciones/boletines/tic/pres_tic_empresas_2016.pdf
https://www.mintic.gov.co/portal/604/w3-propertyvalue-566.html


Department of Statistics (DANE), SMEs represent more than 91% of total manufac-

turing firms, and in recent years 99.5 % have been using ICT (such as computers and

internet), and 72.4% have a website.5 This intensification of ICT has represented

about a 10% reduction in firms’ costs and a similar increase in sales. Finally, prelimi-

nary evidence for Colombian firm’s competitiveness (not exclusively in international

trade), suggests a positive link between the use of ICT and the internationalization of

firms (Escandon and Hurtado, 2017). All the above evidence provides arguments to

expect that investment on ICT is facilitating exports by Colombian manufacturing

firms.

The objective of this chapter is to examine whether ICT affects firms’ exporting

activity in Colombian manufacturing industry. Specifically, we focus both on the

propensity and on the intensity processes to sell abroad. The relationship between

ICT and exporting, might be explained by two channels. A direct one, that sug-

gests that firms use basic ICT to establish business relations with their customers.

For instance, the use of extranet serves to share the firm’s inner information with

customers, the use of the internet reduces transaction costs to find customers, or

having a website reduces uncertainty between traders (Añon and Bonvin, 2019).

Further, when a firm uses more advanced ICT, such as e-commerce, it allows more

fluid transactions (Laudon et al., 2016). The indirect channel operates through the

link between exports and imports. That is, if firms use ICT for their importing

activities (to find suppliers, contact them, share information or buy abroad), this

might provide them with experience that would facilitate their subsequent exporting

activities.

For the empirical exercise we use firm level information for Colombia. These

data are obtained by merging three data bases. The Annual Manufacturing Survey

(EAM), the Technological Development and Innovation Survey (EDIT), and the

Annual ICT Manufacturing Survey (EAM-TIC). All these data sets are published

by the National Administrative Department of Statistics (DANE) and cover four

waves, from 2013 to 2016.6 To study the effect of ICT on the propensity to export
5https://www.dane.gov.co/files/investigaciones/boletines/tic/pres_tic_empresas_2017.pdf
6We are unable to consider a longer period of analysis given that the information in EAM-TIC

starts in 2013.
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we estimate a random effects probit model, and for the export intensity process we

use a Generalized Linear Model (GLM) (similarly to Hagsten and Kotnik (2017)

and Añon and Bonvin (2019)).

Our contribution to the empirical literature is threefold. First, we contribute to

the scarce empirical literature that explores the ICT-exports link, as the common

pattern is to study the ICT-productivity link, in Latin America and specifically

in Colombia. Second, in our specifications we consider the relevant role of import

experience into export propensity and export intensity, accounting for the role of

sunk costs and the initial conditions problem, that emerges when the unobserved

individual heterogeneity might be correlated to the previous export decisions. Fi-

nally, we include the depreciation of export experience to capture the decrease in

the starting-up export sunk costs.

Our main results indicate that all the ICT considered have a positive and sig-

nificant impact on the firms’ decision to export. Specifically, the strongest impacts

are obtained by those ICT that ease the external communication of the firms and

by those related to internal firm’s communication. In the case of export intensity

only some ICT have a significant impact, such as the usage of electronic devices,

optical fiber and internet and/or intranet. Thus, when the firms operate in inter-

national markets, they adopt a mixed strategy that combines internal and external

ICT strategies.

The rest of the chapter consists of five sections. In section two we revise some

theoretical and empirical studies for Latin America and Colombia. Next, the em-

pirical methodology is explained in section three. Section 4 shows the data we use

and presents some descriptive analyses. Next, we present the empirical results in

section 5. Finally, section 6 provides some conclusions.

4.2 Literature Review

There is a large and diverse literature analysing the impact of ICT on firm’s per-

formance and other aspects of firm’s life. In particular, some papers have devoted

special attention to explore, both at the macro and at the micro levels, the impact
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of these technologies on productivity, innovation and competitiveness.

The studies at the macro level, that are more prolific so far than the micro

ones, include Brynjolfsson (1993), Loveman (1994), Oliner et al. (1994), Berndt and

Morrison (1995); Gordon (1999), Jorgenson et al. (2008) or Acemoglu et al. (2014),

among others. These studies are mainly focused into testing the productivity paradox

established by Solow (1987), that theorizes that the information technologies have

a modest impact on countries’ productivity. Most of these studies carried out in

the 90’s and implemented for U.S economy, supported the existence of the paradox.

In recent papers (Acemoglu et al., 2014; Haller and Lyons, 2015), there is evidence

of the Solows paradox at the industry level. However, Biagi et al. (2013) point out

that these studies suffer from several problems, such as weak causality, the use of

labour productivity rather than TFP and inaccurate assumptions on the returns to

scale. For these reasons, the studies at the micro-level have gained more interest in

the new millennium.

There are also some studies that explored the effect of ICT on countries interna-

tional trade. These include Rodríguez-Crespo and Martínez-Zarzoso (2019), Xing

(2018), Wang and Li (2017), Yushkova (2014), and Clarke and Wallsten (2006),

among others. Most of these studies analyse the impact of ICT on trade using

international trade gravity models, being in most of the cases the ICT variable

the internet connection. In all the studies mentioned, the ICT impact on trade is

positive and statistically significant (except in Clarke and Wallsten (2006)). It is

important noting that few studies include Latin American countries, and those that

do only include Brazil, Chile and Colombia.

The study carried out by Xing (2018) differently to most of the others, considers

a larger set of ICT measures. It inspects the influence of ICT on bilateral trade

between Global North and Global South, by using as proxies of information tech-

nologies the usage of telephone, cell phone, broadband, Internet, B2B and B2C. It

finds for the 51 developed and developing countries analysed (only Brazil is included

for Latin America) that the use of modern ICT, such as e-commerce, boosts trade

flows when the trade direction is from South to North, but there is no evidence in the

opposite direction. In the same vein but with a larger sample (152 countries devel-
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oped and developing countries), Wang and Li (2017) research whether the different

levels of ICT (internet and broadband) in the countries analysed foster the com-

parative advantage in international trade. They use information of bilateral trade.

Their results suggest that countries with more advanced ICT have a comparative

advantage in industries with intensive R&D activities. The investigation carried

out by Yushkova (2014) estimates the impact of the use of internet for commercial

purposes on exports for 40 countries (including Brazil). The results show a positive

effect on the export levels for high and medium-high technology products. Finally,

Clarke and Wallsten (2006), focused on emerging economies. In fact, they investi-

gate the effect of internet penetration on exports going from developing countries to

developed ones, dealing with the potential endogeneity of internet usage. The study

includes cross sectional data for 98 developed and developing countries (including

some Latin American countries as Colombia). The main outcome is that internet

affects positively exports when the direction of trade is from developing to devel-

oped countries, but they find no impact in the trade among high-income countries.

Finally, in the case of emerging economies, Ahmad et al. (2011) study the influence

of ICT (telephone subscribers, personal computers and internet users) on Malaysia

international trade with 36 countries. Their results suggest that development of

ICT infrastructure fosters the levels of exports for this country.

The papers that analyse the relationship between ICTs and trade for Latin Amer-

ica or Colombia are scarce. Rodríguez-Crespo and Martínez-Zarzoso (2019) analyse

the impact of ICT (measured as internet connection) on international trade account-

ing for the different level of knowledge and income of the country. Their sample con-

sists of 120 countries including Colombia, Brazil and Chile, among other few Latin

American Countries. The results reveal that internet usage has a significant and

positive impact on international trade, and the effect is related to product complex-

ity and less to the level of income of the country. Vemuri and Siddiqi (2009), who

establish the effect of internet on the volume of international trade for 64 countries

(including Colombia, Brazil, Chile and other Latin American countries). This study

accounts for the high correlation of the different ICT measures, which are treated

through factor analysis. Their results indicate that the usage of internet, PCs and
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telephones have a positive effect on international trade, although they recognize

these ICT are possibly not the only sources affecting this relationship.

Among the papers that provide micro-level investigations, the recent literature

includes Grazzi et al. (2016), Hall et al. (2013), Higón (2012) and Añón Higón and

Driffield (2011). Further, and within the micro-level studies, a few ones focus on es-

tablishing a link between ICT and exports at the firm level (Añon and Bonvin, 2019;

Hagsten and Kotnik, 2017; Hagsten, 2015). According to Añon and Bonvin (2019),

the fact that models only use one indicator of ICT (usually internet connection)

might imply some limitations as the ICT impact found may be distorted given that

the internet connection might not capture all firm’s communication capabilities. The

differences found among these studies basically come from the sample considered,

the estimation method used and some variants that are included to differentiate

from previous studies, for instance, the breakdown by differences in the degree of

knowledge or income among countries or the degree of product sophistication on

trade.

The paper by Hagsten and Kotnik (2017) explores the linkages between ICT

capacities (website, e-sales, broadband internet and ICT human capital) and the in-

ternationalisation (propensity to export and export intensity) of small and medium-

sized firms for 12 European countries. Their results uncover a positive and signif-

icant relationship between ICT and exports, although the impact depends on the

ICT type and the level of ICT development of the country considered. In a previous

related paper, Hagsten (2015) already explored the ICT usage (website, broadband,

e-sales) impact on the propensity to export for manufacturing and services firms

among 11 European countries. The main outcome from this research was that the

ICTs considered had a positive effect on export decision for most of the countries

analysed.

Finally, in a recent research carried out by Añon and Bonvin (2019), they ex-

plore the relationship between ICT (website, online trader or both) and international

trade. They analyse the decision to export and export intensity for Spanish man-

ufacturing firms, from 2000 to 2014. Their results suggest that firm’s ICT usage

increases the likelihood to export but not the export intensity. However, they fur-
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ther analyse the impact of ICT using a break down by the level of digitalization

among sectors. Their analysis reveals that in the high-digitalized sectors ICT boost

export intensity, a result not confirmed for the low-digitalized sectors.

As regards less developed countries, there are few studies using micro-data, and

are mainly focused on African countries. Differently to the results obtained for

developed countries, the results for developing countries are far from conclusive.

For example, Chowdhury and Wolf (2003) found that ICT neither fostered exports

nor productivity in Kenya, Tanzania and Uganda. Conversely, Hinson and Sorensen

(2006) for Ghana and Lal (2004) found for India that the more exporters get involved

in e-business activities the more internationalised they are. Further, Makanyeza and

Ndlovu (2016) investigate for Zimbabwe, the relationship between SMEs exports and

three ICT dimensions associated to intelligence, marketing and building relationship

capabilities. Their results indicate that only building relationship capabilities has a

positive and significant impact on export performance for SMEs.7

To the best of our knowledge, there are only a few studies analysing the ICT-

exporting link using micro level data for Latin America.8 On the one hand, Mathews

and Bianchi (2010) examine the relationship between internet usage and internet

marketing with exports, for 204 Chilean manufacturing and service firms. Their

results suggest a positive effect between ICT and exports. On the other hand,

there are some descriptive investigations carried out by CEPAL for: Brazil (Botelho

and Tigre, 2005), Chile (Ueki, 2005) and Argentina (Rodríguez Rodríguez, 2005).

These studies analysed whether the IT applications used by SMEs fostered trade

promotion, and found positive results for Brazil, but not for Argentina and Chile.9

7Other researches explore aspects related with competitiveness and ICT or the barriers to adopt
them. See Cuevas-Vargas et al. (2015), Peña-Vinces et al. (2012), Kapurubandara and Lawson
(2006), among others.

8The researches for Latin America are focused on the ICT-productivity link for manufacturing
industries. All of them find a positive impact of ICT on firm’s performance: Peña-Vinces et al.
(2012) for Peru; Commander et al. (2011) for Brazil; Brambilla and Tortarolo (2018) for Argentina;
Álvarez (2016) for Chile; and, Aboal and Tacsir (2015) for Uruguay. Finally, in the case of
Colombia Gutiérrez (2011) findings are similar to those found for other Latin American countries
for manufacturing, and Alderete and Gutiérrez (2012) provide evidence for the service sector.

9However, the three studies recognize that Latin American firms have some disadvantages in
relation to ICT in terms of: distrust with e-commerce, lack of experience in the firm’s personnel
for the management of ICT, implementing e-commerce is costly and lack of human resources and
digital infrastructure.
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The objective of this research is to contribute to the scarce empirical literature

available for developing countries, by analysing the impact of ICT on exporting

activities for Colombian manufacturing.

4.3 ICTs in manufacturing for Colombia and Latin

America

In Colombia, the adoption of ICT by firms has been a recent and slow process. With

the transformation of the old Ministry of Communications into the new Ministry of

Information and Communication Technologies in 2009, the generalization of the use

of information and communication technologies was promoted at all levels, includ-

ing the industrial sector. In particular, the "Plan Vive Digital Colombia" aimed to

strengthen the productive sectors and make Colombian firms more competitive in

international markets, especially to make them fitter to face the challenges that im-

ply recent international free trade agreements with the European Union, the United

States and China. Although, in general, the results attained have been positive, the

level of performance of the firms depends on the ICT analysed.

Table 19 shows the evolution of the adoption of five typical ICTs (from the most

basic to the most advanced): use of Internet, electronic devices, website, e-commerce

used for purchases and e-commerce used for sales.

Table 19: Evolution of several ICTs in Colombian Manufacturing Industry
2013 2014 2015 2016

Internet 99.1% 99.2% 99.5% 99.5%
Devices 70.7% 75.8% 82.0% 83.6%
Website 66.1% 66.9% 72.6% 72.1%
e-commerce (p) 28.2% 28.4% 31.4% 31.3%
e-commerce (s) 19.2% 18.2% 18.9% 19.8%

Source: Author’s calculations and DANE

As expected, the descriptive statistics show that internet connection (a basic

information technology) is the most spread ICT in Colombian manufacturing. In

fact, more than 99% of firms used it in the period of analysis. This observational

fact is consistent with the pattern of adoption observed in the studies considered
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in the previous section. The usage of electronic devices (another basic ICT), such

as personal computers, tablets, and smartphones, among others, is also widespread

in the Colombian manufacturing industry, since most of the firms use them (more

than 78% on average), and this shows a growing pattern over time. This evolution

is consistent with the usage of internet connection due to the high complementarity

that exists between both ICTs.

In the case of intermediate ICT, such as holding a website, the values we observe

are lower, as compared to internet and devices. Although the proportion of firms

that have a website shows a positive evolution, growing from 66.1% in 2013 to 72.1%

in 2016, this growth has been slow, and the degree of adoption is much lower than

for internet connection. According to the first large ICT survey in Colombia (GET),

conducted in 2017 by the ICT Ministry, 42.9% of the firms surveyed did not consider

important to have a website. This shows that Colombian manufacturing firms are

not fully conscious of the importance that web pages might have to increase sales,

generate confidence to customers or gain competitiveness.

In the case of electronic commerce, observation of Table 19 reveals that firms use

e-commerce more as a purchase channel than as a sales channel (the percentages of

adoption for purchasing and selling are around 30% and 20%, respectively). Fur-

thermore, whilst the percentage of adoption of e-commerce to purchase shows a slow

increase along the period of analysis, the percentage of adoption as a sales channel

remains stagnant slightly below 20%. This might be related to either the easiness

to buy as compared to sell through e-commerce (the cost starting to buy is almost

negligible while starting to sell requires to substantially upgrade the web-page ca-

pabilities and establishing a proper distribution network and methods of payment)

or the fact that the manufacturing firms needs to import some intermediates to

maintain its competitiveness and the only way to get them is e-purchase.

According to the GET survey, 79.5% of the firms do not use the shopping cart,

online payments or any software application (app) to sell or buy, and administrative

departments use more ICT than commercial departments. Finally, other indicators

show that as regards training of ITC staff, only 18% of firms allocate resources to

digital marketing, e-commerce or to install mobile applications. Likewise, the vast
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majority of them do not use advanced information technologies such as Cloud Com-

puting (64.9%), Big Data (81.3%), Artificial Intelligence (83.6%) or Data Analytics

(83.1%), just to mention a few. Further, firms do not use ICT as an instrument to

obtain innovations, and those that do (28%) are for reasons related to purchasing

infrastructure and personnel training.

All in all, we can conclude that the use of ICT by Colombian manufacturing

depends on the type of ICT: the basic ICT, such as Internet or devices, show a

good progress; the intermediate ICT show only an acceptable path; finally, the most

advanced ones, such as e-commerce, show a poor usage, especially for sales abroad.

Table 20 displays the use of some ICTs in several Latin American manufactur-

ing industries, by different firm sizes. This information has been extracted from

a study carried out by CEPAL et al. (2012) for largest economies of this region.

Unfortunately, this study does not include information for Mexico.
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Table 20: Use of some ICTs in Latin American manufacturing by firm’s size
Micro Small Medium Large

Transactions with goverment Argentina - 5% 66% 82%
Brazil - 66% 78% 87%
Chile 7% 83% 95% 97%
Colombia 39% 53% 68% 78%

Internet for e-banking Brazil - 83% 91% 94%
Chile - 77% 89% 93%
Colombia 67% 84% 91% 93%

Website Argentina - 62% 76% 83%
Brazil - 5% 75% 91%
Chile 9% 21% 53% 75%
Colombia 2% 23% 6% 77%
Uruguay - 45% 6% 75%

Intranet Argentina - 18% 34% 61%
Brazil 18% 35% 49% 72%
Colombia 19% 21% 37% 62%
Uruguay - 22% 38% 56%

Online orders placed Argentina - 22% 24% 25%
Brazil - 56% 68% 68%
Chile 5% 1% 15% 14%
Colombia 33% 43% 49% 49%
Uruguay - 36% 49% 54%

Online orders received Argentina - 18% 22% 23%
Brazil - 11% 14% 18%
Chile 4% 6% 1% 9%
Colombia 35% 45% 49% 46%
Uruguay - 37% 47% 44%

Source: CEPAL et al. (2012)

In general, regardless of the country or the ICT analysed, the larger the firm the

higher the percentage of using a specific ICT. Further, the biggest values usually

correspond to the Brazilian firms. The percentages reported point out that Latin

American industries have a different as regard usage of ICTs. In a first group, we

have Brazil, with the more intense use of ICTs; in a second group we have countries

like Colombia, Argentina and Chile, with an intermediate and more homogeneous

usage of ICTs; finally, in a third group we have countries with low use of ICTs, such

as Bolivia, Ecuador and Costa Rica (not shown in table).

In comparison to other large Latin American countries, there are some remark-

able differences of Colombia (a country in an intermediate position for most of the

ICT indicators reported). Thus, the use of internet for e− banking and e-commerce
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sales (online order received) are especially notable for Colombia. However, the lowest

figures correspond to the use of web pages.

4.4 Data and descriptive analysis

4.4.1 Data sources

To determine the impact of ICT on international trade, we use three databases pub-

lished by the Colombian National Administrative Statistics Department (DANE),

from 2013 to 2016. First, we obtain firm’s productivity, importing/exporting sta-

tuses and other firm’s characteristics using the Annual Manufacturing Survey (EAM,

for its acronym in Spanish). Second, the investment on R&D activities and other

innovation variables are drawn from the Technological Development and Innovation

Survey (EDIT, for its acronym in Spanish). Finally, the information of ICT is ob-

tained from the Annual ICT Manufacturing Survey (EAM-TIC, for its acronym in

Spanish).

The EAM is the annual census of establishments with ten or more workers or,

failing that, those firms with an annual production value equal or greater than a

value specified for each reference year, which is indexed by the product price index

(PPI). It collects yearly information at the firm level, such as value added, number

of employees, energy consumption, among others. The EDIT is a biannual survey

whose objective is to characterize the technological dynamics, innovation activities

and technological development for manufacturing Colombian firms. It is a census

of firms with establishments employing 10 or more workers or, failing that, have an

annual production value equal or greater than a value specified for each reference

year by the EAM. Lastly, the EAM-TIC is a database collected through modules

inserted in the EAM, trade (EAC) and services (EAS) surveys. The collection and

publication periodicity are annual.

These databases collect data for all industrial establishments that operate in

the country and are identified as industrial (according to the International Stan-

dard Industrial Classification, ISIC, Revision 3 adapted for Colombia). The firms

correspond to 22 industrial sectors according to the 2-digit ISIC classification for
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manufacturing. With the data available in the EAM, EDIT and EAM-TIC surveys,

we estimate productivity and obtain information about firms’ R&D and ICT ac-

tivities. Firms with missing data on key variables are removed from the sample,

as well as some outliers. Also, due to the small number of observations in specific

industries, these are grouped into wider industries.10 Also, due to the small number

of observations in specific industries, these are grouped into wider industries.11 Fi-

nally, it is worth to note that although the EDIT is a biannual survey, the required

information for this investigation related to R&D activities is reported annually.

After merging four EAM and EAM-TIC waves (2013-2016) with two EDIT waves

(EDIT VII, 2013-2014 and EDIT VIII, 2015-2016) we obtain an unbalanced panel

data of four years (2013-2016) with 30,381 observations corresponding to 10,094

firms. The panel is unbalanced due to the existence of missing observations in critical

variables. The final sample we use is composed by firms that provide information

for all periods analysed in key variables, such as output, workers, R&D, exports,

imports, and ICT.

4.4.2 International trade patterns

In Table 21 below, we report the proportion of firms that import and/or export

classified by firm size. Importing and exporting strategies are captured by dummy

variables. The importing dummy will take value 1 if the firm declares to purchase

intermediate inputs abroad and 0 in other case. The exporting dummy will take

value 1 if the firm declares to have sold output abroad and 0 otherwise. We will

classify firm in four groups: only-exporters (firms that export but do not import),

only-importers (firms that import intermediate goods but do not exports), two-way

traders (firms that both import and export), and non-trader (firms that neither

export nor import). Further, we classify as SMEs those firms with 200 or less
10Further, we only consider the observations in relevant variables without missing data that are

included between centiles 1 and 99.
11The criterion used to group industries with a small number of observations is the production of

related products. Thus, Industry 15 includes Beverage/Food (industry 15) and Tobacco (industry
16); industry 17 includes Textiles, textile products (industry 17) and leather and footwear (industry
18); and industry 30 Manufactures for Offices, accounting and computing machinery (industry 30)
and Radio, TV and communications equipment (industry 32).
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workers, and large ones as those with more than 200.

It results evident from Table 21, that most Colombian firms are not involved

in international trade activities since only 30% of the firms are actively involved in

international trade. Among those involved in international trade two-way traders

and exporters represent 13.6% and 11%, respectively. Only importing is the least

common strategy as only 6.3% of the firms only import.

A size group breakdown offers interesting insights. Thus, as it is possible to ob-

serve in Table 21, that most SMEs are non-traders (70%) and among those firms ac-

tively involved in internationalization strategies two-way traders and only exporters

represent similar percentages (9.1% and 10.7%, respectively) and only-importers

represent only 6.2% of the firms. For large firms the share of non-traders is much

smaller (about one fifth of the firms) than for SMEs. Furthermore, among large firms

actively involved in international trade, the dominant strategy is both to import and

export (58% of the firms are two-way traders), and the percentage of only-exporters

(14.6%) more than doubles that corresponding to only importers.

Table 21: Share of internationalisation strategies by firm’s size
All SMEs Large

Obs. % Obs. % Obs. %
Only-Exporter 3,353 11.0% 2,948 10.7% 405 14.6%
Only-Importer 1,908 6.3% 1,719 6.2% 189 6.8%
Two-way traders 4,135 13.6% 2,522 9.1% 1,613 58.0%
None 20,985 69.1% 20,410 74.0% 575 20.7%
Total 30,381 100.0% 27,599 100.0% 2,782 100.0%

Source: Author’s calculations and DANE

Therefore, we can conclude that SMEs, which represent 91% of the total number

of Colombian manufacturing firms, show a low degree of exposure to international

trade and when they participate, they mainly export. Nevertheless, involvement in

international trade is much more common for large firms, among which the domi-

nant strategy is both importing and exporting. This is consistent with the typical

behaviour of emerging economies in international trade. However, this is not very

encouraging for the Colombian economy, since international trade is a source of

economic growth and development. Despite the recent free trade agreements with

the United States, the European Union and China, in general Colombia continues
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exporting the same raw materials for decades. According to the Colombian Ministry

of International Trade, Colombia currently exports account for only 0.19% in the

world market and 3.5% of Latin American exports.

4.4.3 ICT patterns

Next, we focus on the firms’ international trade and ICT patterns. Firms’ ICT

variables are captured by a set of dichotomous variables (reported in the EAM-

TIC survey). In particular, these are five: the usage of electronic devices, optical

fiber, the use of intra and extranet, other different internet uses and the broad-

band and LAN internet connection. These are described in what follows. Electronic

devices include computers, laptops, tablets, cell phones, personal digital assistants

(PDAs), and mobile capture devices. The optical fiber is the fiber-optic commu-

nications, that allows firms to transmit information over longer distances and at

higher bandwidths than electrical cables. The intranet is the private network used

by companies that use the internet protocol technology to securely share informa-

tion, operating systems or computer services within an organization; and extranet

is similar but shares internal information with suppliers, buyers, partners, clients or

any other business or organizations. Other different internet uses refers to sending

or receiving e-mails, search for information on goods and services, official agencies

and authorities, electronic banking and other financial services. It also refers to

transactions with government agencies, customer service, online product distribu-

tion (delivery of products or services over the Internet), personnel training, internal

or external hiring, the use of applications for telephone calls or use of video con-

ferences. Finally, broadband and LAN internet connection is defined as the usage

of internet in one or more computers within a small and limited scope and with an

intermediate connection speed (between 2 and 10 Mbps).

Therefore, we do not focus on the traditional ICT measures used in most pre-

vious studies, such as having an internet connection or website, given that these

information technologies are very common and generic in the current organizations

or firms. In contrast, we are more interested in those ICT that contribute to gain

efficiency in the transmission of information in the export activity process. For
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instance, the use of optical fiber allows firms the transmission of any type of com-

munication with great speed and distance; the use of intra and/or extranet allows

firms sharing information in their premises, such as documents or reports and most

importantly, share information outside the firm with authorized suppliers, buyers,

partners, customers or any other firm. Finally, the broadband and LAN connection

internet, generally used by SMEs (Mo, 2016), which proliferate in the Colombian

manufacturing, allows firms wider internet usages as compared to the traditional

ones.12 We cannot include the e-commerce sales (a variable strongly related to ex-

ports) since the EAM-TIC survey does not distinguish the usage of this technology

between local and foreign sales.

Table 22 shows some descriptive statistics of the ICT variables classified by

international trade strategies and size groups, for Colombian manufacturing. For

the full industry (All), the figures show that regardless of ICT analysed, two-way

traders are the firms that use ICTs more intensively. Thus, 94.7% and 91.3% use

Electronic devices and extra/intranet, respectively. Further, firms that only export

or only import display similar usage of these technologies. Finally, non-trader firms

(strategy none) have a lowest usage of ICTs. This pattern found for all firms is

replicated when we present the percentages for the two size groups. However, while

the values for SMEs are similar to those reported for all the sample, for large firms

the values are always bigger. Therefore, we can conclude that the more the firm

is involved in international trade, the more the firm uses ICTs, especially for large

firms.
12In this sense we follow the technology area classification of “J tag” for ICT proposed by Inaba

and Squicciarini (2017).
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Table 22: Internationalisation strategies and ICT
Devices Fibopt Intra/Extra Int.Uses Broadband

All
Only-Exporter 87.1% 58.0% 84.3% 42.6% 52.6%
Only-Importer 87.5% 58.0% 84.0% 41.2% 58.2%
Two-way traders 94.7% 70.2% 91.3% 57.1% 64.8%
None 72.4% 49.7% 76.9% 25.1% 47.5%
SMEs
Only-Exporter 85.9% 55.8% 83.3% 40.6% 51.6%
Only-Importer 86.7% 56.2% 83.1% 39.5% 57.6%
Two-way traders 92.9% 65.2% 88.9% 52.3% 62.4%
None 71.8% 49.2% 76.6% 24.3% 47.0%
Large
Only-Exporter 96.1% 74.4% 91.9% 57.5% 60.0%
Only-Importer 95.2% 74.3% 91.6% 56.5% 64.4%
Two-way traders 97.4% 78.1% 95.2% 64.9% 68.7%
None 91.4% 67.5% 89.5% 53.0% 66.6%

Source: Author’s calculations and DANE

Finally, in table B4 of the Appendix we display the means and standard de-

viations of other variables that will be introduced in our specifications. In the

descriptives, we observe that regardless the variable analysed, SMEs operating in

low-tech sectors present similar values than the full sample. Contrarily, large firms

operating in medium-high tech sectors show a better performance for most of the

variables (for instance, for average labour productivity).

4.5 ICTs, the decision to export and export in-

tensity

4.5.1 The decision to export and firms’ ICT strategy

We consider that a firm decides to export in year t whenever the increase in gross

operating profits associated to export plus the discounted expected future returns

from being an exporter in t exceed sunk costs (Roberts and Tybout, 1997; Clerides

et al., 1998). The fundamental reason that motivates the consideration of sunk

costs is that when firms decide to start/continue exporting they have to engage in

some tasks that are associated only to exporting, such as establishing marketing
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and distribution channels, exploring foreign demand and competition, learn about

international taxation, and adapting the characteristic of the own product to meet

foreign preferences and/or fulfil other countries quality and security legislation. All

these activities are associated to sunk costs which the firm cannot recoup in case

it stops exporting. The existence of sunk costs associated to exporting entails that

firms’ current export choices depends on past export choices. In order to consider

this state dependence, we formulate our model of the likelihood of exporting in

terms of sunk cost (that we capture by firm’s export status in year t − 1) and a

reduced-form vector of variables proxying for the payoffs of exporting. This vector

of variables should capture firms’ capabilities to obtain expected profits above the

sunk costs associated to start/continue exporting. In this chapter, we will include

in this reduced form vector a series of variables capturing firm ICT strategies (see

Añon and Bonvin (2019) or Hagsten and Kotnik (2017) for similar approaches).

Therefore, we estimate the following dynamic discrete model of the decision to

export, in which firm’s export decision in period t is conditioned on the previous

vector of state variables for that year:

dXit =


1 if γdXit−1 + βICTit−1 + δZit−1 +∑3

j=1 φj
˜dX it−j + vt + st + uit0

0 Otherwise

(4.1)

where dXit is a dummy variable that takes value 1 if firm i exported in year

t and zero otherwise; and, the coefficient γ identifies the sunk cost of exporting;

(ICTit) is a vector of variables capturing firm i ICT strategy in t; and, Zit is a

vector of control variables (labour productivity, firm’s import intensity, a measure

of industry concentration, proportion of skilled labour whether the firm invest in

R&D, firm’s markup and wage per worker) that may affect firms’ expected returns

of exporting. It is important to note that including labour productivity will allow us

to test for the hypothesis of self-selection/continuation of the more productive firms

into exporting; and, including import intensity to explore the potential links between

exporting and importing suggested among others by Máñez et al. (2020), and also
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analysed in depth in chapter 2 of this thesis. In this line, the import experience

(MExpt−1) and/or knowledge acquired with providers or about trade international

legislation could help to boost exports as it would reduce the sunk costs that firms

would have to incur to start/continue exporting. vt is a vector of year dummies and

sj is a vector of industry dummies included to control for industry specific effects

and by macro conditions, respectively.13

Furthermore, following Roberts and Tybout (1997), to consider the possibility

of lower sunk entry costs for firms that restart exporting after j years without

exporting, we include in estimation a set of variables ˜dX it−j, which take value 1

if the last time the firm exported was in year t − j (in estimation we assume j4).

Finally, it is necessary to account for the possible existence of unobserved factors that

may affect the expected returns from exporting such exports department abilities,

managerial skills or product characteristics. With this aim, we assume that uit

has two components: a firm specific effect (αi) and a transitory component (εi),

uit = αi + εi. Therefore, we consider two possible sources of serial correlation in uit.

Regardless of whether εi is independent across t, uit will be always serially correlated

because of αi.

In the estimation of the panel data discrete choice model of the decision to

export of equation (4.1), we control for correlated unobserved firms’ heterogeneity

using the approach proposed by Blundell et al. (1999). This approach implies making

assumptions about the distribution of unobserved effect (αi) conditional on observed

covariates and adopting a conditional maximum likelihood approach. Therefore, we

model the distribution of αi as:

αi = δ0 + δ1 ¯dXpre + eit (4.2)

where ¯dXpre is the pre-sample mean of the dependent variable. Blundell et al.

(1999) suggest that the firms’ permanent effect might be captured by the entry pre-

sample mean of the dependent variable, which should act as a sufficient statistic

for unobserved firm heterogeneity. Finally, eit represents the error term which is

assumed to be independent of the pre-sample mean of the dependent variable, the
13Appendix A4 display the variables definition.
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explanatory variables and the idiosyncratic error term of the main equation. Since,

we use as pre-sample period 2008-2012 and the explanatory variables in the export

decision equation (4.1) are lagged one period, we perform the estimation for the

period 2013-2016.14

Table 23 reports the estimation results for the export decision, equation (4.1). We

estimate this equation using a random effect probit model in which we include pre-

sample means of the dependent variable to capture firm unobserved heterogeneity. In

our approach, following the empirical literature (Añon and Bonvin, 2019; Vemuri and

Siddiqi, 2009), and due to recurrent and strong correlation between ICT variables,

we include them one by one in each specification to avoid multicollinearity, so there

are as many model specifications as ICT variables considered. Thus, we consider

five different specifications depending on the proxy for ICT used. First, we specify

the model with a dummy taking value 1 if the firm uses electronic devices and zero

otherwise (column 1). Second, the model is specified using a dummy variable taking

value one if the firm uses optical fiber (column 2); third, the model is specified using

a dummy taking value 1 if the firms uses intranet/extranet (column 3); and fourth,

the model is specified using a dummy variable taking value 1 if the firm makes other

internet uses (column 4). Finally, we specify the model using a dummy taking value

1 if the firm uses broadband connection.

14Experimenting with different pre-sample periods produced very similar results
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Table 23: Export propensity. Marginal Effects.
Devices Optical fiber Extra/Intranet Internet Uses Broadband

dXt−1 0.5157*** 0.5209*** 0.5203*** 0.5217*** 0.5205***
(0.0135) (0.0133) (0.0133) (0.0134) (0.0133)

Devicest−1 0.0323**
(0.0125)

Optfibt−1 0.0240***
(0.0085)

Extra/Intrat−1 0.0215*
(0.0115)

Int.Usest−1 0.0145*
(0.0089)

Broadbandt−1 0.0208**
(0.0086)

Lab.prodt−1 0.0144** 0.0120** 0.0117* 0.0114* 0.0114*
(0.0062) (0.0061) (0.0061) (0.0061) (0.0061)

MExpt−1 0.0596*** 0.0601*** 0.0609*** 0.0598*** 0.0585***
(0.0206) (0.0206) (0.0206) (0.0206) (0.0206)

Concentrationt−1 0.0106*** 0.0112*** 0.0112*** 0.0115*** 0.0113***
(0.0029) (0.0029) (0.0029) (0.0029) (0.0029)

Markupt−1 -0.0217** -0.0203** -0.0202** -0.0204** -0.0199**
(0.0089) (0.0089) (0.0089) (0.0089) (0.0089)

Sizet−1 0.0281*** 0.0272*** 0.0280*** 0.0269*** 0.0271***
(0.0072) (0.0072) (0.0072) (0.0072) (0.0072)

Skillt−1 0.0260*** 0.0261*** 0.0261*** 0.0259*** 0.0258***
(0.0053) (0.0052) (0.0052) (0.0053) (0.0052)

R&Dt−1 0.0232** 0.0244** 0.0245** 0.0239** 0.0238**
(0.0107) (0.0107) (0.0107) (0.0107) (0.0107)

Wagest−1 -0.0185* -0.0181* -0.0175* -0.0176* -0.0177*
(0.0099) (0.0099) (0.0099) (0.0099) (0.0099)

˜dXit−2 0.1777*** 0.1773*** 0.1778*** 0.17785*** 0.1775***
(0.0169) (0.0169) (0.0169) (0.0169) (0.0169)

˜dXit−3 0.1203*** 0.1200*** 0.1202*** 0.1197*** 0.1205***
(0.0207) (0.0206) (0.0206) (0.0207) (0.0206)

˜dXit−4 0.0657*** 0.0803*** 0.0794*** 0.0801*** 0.0802***
(0.0249) (0.0244) (0.0244) (0.0244) (0.0243)

¯dXpre 0.2501*** 0.2503*** 0.2504*** 0.2503*** 0.2513***
(0.0147) (0.0146) (0.0146) (0.0146) (0.0146)

Year/industry Yes Yes Yes Yes Yes

No. Of. Obs. 16,171 16,466 16,466 16,437 16,466
Notes:1. Robust standard errors are in parenthesis. 2. ***, ** and * mean statistically significant at the 1%, 5% and 10% levels,
respectively.

As for the estimates of the main variables of interest, all the variables used to

proxy for ICT usage are positive and statistically significant. This suggest that, in

general, ICT use has a positive effect on the probability of exporting. Comparing

the results of the models with different types of ICT usage allows qualifying our

results. Thus, the ICT variable with a higher impact on the likelihood of exporting
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is the use of different electronic devices and that one with a lower impact is other

internet uses. The use of optical fiber has a slightly higher effect on the likelihood of

exporting than the use of broadband internet and the use extranet/intranet (these

last two ICTs have a quite similar positive effect on the probability of exporting).

These results suggest that firms’ export decisions seem to be more affected by the

use of those ICTs that facilitate the external communication than those related to

internal communication.15 This is so, as we find that the highest impacts come from

using electronic devices (that are the hardware to communicate), use of optical

fiber (that allows to transmit information over longer distances) and the use of

extra/intranet (that permits to share internal and external information customers,

providers and others).

In general, our results are similar to those obtained by the recent literature in

developed countries, such as Hagsten and Kotnik (2017) or Añon and Bonvin (2019),

where they find that the ICT (website, mostly) impacts positively on the decision

to participate in export activities. Nevertheless, it should be considered that the

variables that we use to capture ICT use are not the same as in previous studies.

Therefore, direct comparison is not fully recommended. As for the comparison

to the other studies for Latin America, our results are in line with the findings

of Mathews and Bianchi (2010), where the ICT variable (internet marketing use)

fosters exporting for Chilean firms. However, it should be noted that they use a

different methodology and their database is a cross-section of firms and not a panel.

The estimates of our control variables are quite robust to the different specifi-

cations estimated. First, as suggested in previous studies, past export experience

is a relevant determinant of current export participation (the estimate of dXit−1

is positive and significant in all specifications). Furthermore, the role of persis-

tence in exporting is reinforced by the positive and highly significant effect of the

pre-sample means (which capture their permanent effect through firms’ individual

effect). Second an interestingly, the positive and decreasing estimates for ˜dX it−2,
15According Leonidou et al. (2007), the external ICT are related with those oriented to link

the firm with clients (like having website) or engaging in online transactions; while the internal
ICT are related with those that depend on the internal environment of the firm, for example, the
employees schooled in ICT.

199



˜dX it−3, ˜dX it−4 suggest a progressive depreciation of export experience. Firms that

last exported four years ago are more likely to start exporting than firms which

have never exported but are less likely to export than firms that last exported three

years ago, and these are less likely to export than firms that last exported two years

ago. Third, our results confirm self-selection of previously more productive firms

into exporting, either to start exporting or continuing exporting (the estimate for

Lab.Prod. is positive and significant). Fourth, previous import intensity has a pos-

itive effect on the likelihood of exporting. In line with the results in Máñez et al.

(2020), this could be signalling that importing intermediates eases exporting. This

positive effect of importing on the probability of exporting could happen through

at least two channels. On the one hand, importers of intermediate inputs may have

access to a wider range of intermediate inputs and/or higher quality inputs. Hence,

they may profit from the diffusion and adoption of new technologies embodied in

imported inputs, which can favour productivity enhancements and so foster export

participation. On the other hand, when importing intermediates firms may have

access to superior quality inputs with superior embodied technology. Incorporation

of these inputs into the production process may result in higher quality products

which are easier to sell in international markets.

Fifth, our results also suggest that larger firm, firms with a higher proportion of

high-skilled workers and firms that perform R&D are more likely to export. Very

likely, larger firms are better endowed to face the costs associated to exporting.

An important factor related to size that can help overcome exporting costs is that

larger firms may have easier access to external financial resources than SMEs (Máñez

and Vicente-Chirivella (2020), find that large firms enjoy better financial health

than SMEs). The positive and significant estimate of the variable measuring the

proportion of high-skilled workers points out the relevance of human capital as a

factor determining the ability to export of Colombian manufacturing firms. The

positive relationship between R&D performance and exporting could arise from the

fact that innovative firms produce higher quality products which are easier to sell

international markets.

Finally, both the wage per worker and firm’s markup have negative and signifi-
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cant impact on the likelihood of exporting. Higher labour costs might imply higher

prices if these costs are transferred to final prices, what reduces firm’s competitive-

ness (Xiong and Zhang, 2016). Higher markups also contribute to worsen firms’

competitiveness in international markets making exporting more difficult. These

results are not surprising if we consider that for very long the main source of com-

petitive advantage in international market for an emerging economy as Colombian

has been the price (Giraldo et al., 2015).

In general, the main results we have described are in line with those obtained

by the scarce literature (mostly for developed countries). This is, ICT usage boosts

the probability to export. Nevertheless, our results are not directly comparable to

the related literature as the ICT variables considered in this study are not the same

as those used in previous studies.

The rest of the section is devoted to analysing whether the positive effect of ICTs

on the likelihood of exporting persists across size groups and technological intensity

sectors. With this aim we present the estimates of equation (4.1) for the samples

of SMEs and large firms, and for the samples of low tech, medium-low tech and

medium-high tech, in turn.

We start by the size group breakdown. In Table 24, the estimates correspond-

ing to the sample of SMEs confirm that, for this size group, ICT adoption has a

positive impact on the likelihood of exporting. We get that the estimates of all

ICT variables, except for the use of intranet and/or extranet and broadband/LAN

connection, are positive and statistically significant. For the group of large firms,

the result is just the opposite, only the estimate for the dummy variable capturing

whether firms use intranet and/or extranet is positive and statistically significant.

Therefore, ICT adoption seems to be more important for SMEs than for large firms

in order to export. Añon and Bonvin (2019) also obtain that ICT use fosters ex-

port participation of SMEs. They associate this result to the possibility that ICT

adoption may contribute to alleviate the difficulties of SMEs to cover sunk cost of

exporting since its use could contribute to reduce these costs.
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Table 24: Export propensity for SMEs and large firms. Marginal Effects.
Devices Optical fiber Extra/Intranet Internet Uses Broadband

SMEs
dXt−1 0.3998*** 0.4044*** 0.4046*** 0.4055*** 0.4043***

(0.0121) (0.0120) (0.0120) (0.0120) (0.0120)
MIt−1 0.0558*** 0.0541*** 0.0551*** 0.0534*** 0.0523***

(0.0171) (0.0171) (0.0171) (0.0172) (0.0171)
Devicest−1 0.0267***

(0.0098)
Optfibt−1 0.0238***

(0.0069)
Extra/Intrat−1 0.0146

(0.0092)
Int.Usest−1 0.0160*

(0.0072)
Broadbandt−1 0.0218

(0.0070)
No. Of. Obs. 14,438 14,698 14,698 14,669 14,698
Large
dXt−1 0.4453*** 0.4565*** 0.4523*** 0.4552*** 0.4571***

(0.0399) (0.0401) (0.0401) (0.0401) (0.0402)
MIt−1 0.0075 0.0239 0.0237 0.0231 0.0255

(0.0494) (0.0497) (0.0498) (0.0497) (0.0499)
Devicest−1 0.0724

(0.0469)
Optfibt−1 -0.0243

(0.0253)
Extra/Intrat−1 0.0929**

(0.0376)
Int.Usest−1 0.0054

0.0225)
Broadbandt−1 -0.0153

(0.0258)
No. Of. Obs. 1,730 1,765 1,765 1,765 1,765

Notes:1. All estimations include industry and time dummies. 2. Robust standard errors are in parenthesis. 2. ***,
** and * mean statistically significant at the 1%, 5% and 10% levels, respectively.

In relation to the technological propensity breakdown (see Table 25), our results

suggest that the importance of ICT use as a factor that fosters exports engagement

decrease when we move from less to more technological intensity sectors. In the

low-tech sector, the estimates corresponding to three of out of the five ICT variables

that we use to measure ICT adoption turn out to be positive and statistically signif-

icant (optical fiber, the diverse internet uses and internet with broadband and LAN

connection). Nevertheless, in med-low and med-high industries only the estimates of

two and one ICT variables are positive and statistically significant, respectively. In

the case of med-low tech industries, these ICTs are electronic devices and broadband

connection. For med-high, it is optical fiber.
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Table 25: Export propensity by technological intensity sectors. Marginal Effects.
Devices Optical fiber Extra/Intranet Internet Uses Broadband

Low-tech
dXt−1 0.4066*** 0.4116*** 0.4114*** 0.4122*** 0.4117***

(0.0166) (0.0165) (0.0165) (0.0165) (0.0165)
MIt−1 0.0353 0.0352 0.0370 0.0354 0.0334

(0.0249) (0.0249) (0.0249) (0.0250) (0.0249)
Devicest−1 0.0179

(0.0129)
Optfibt−1 0.0192*

(0.0093)
Extra/Intrat−1 0.0128

(0.0122)
Int.Usest−1 0.0201**

(0.0096)
Broadbandt−1 0.104**

(0.0094)
No. Of. Obs. 8,974 9,122 9,122 9,098 9,122
Med-Low
dXt−1 0.4954*** 0.5019*** 0.5024*** 0.5014*** 0.4970***

(0.0321) (0.0326) (0.0325) (0.0326) (0.0328)
MIt−1 0.0931** 0.0941** 0.0924** 0.0934** 0.0930**

(0.0363) (0.0366) (0.0366) (0.0367) (0.0366)
Devicest−1 0.0513*

(0.0261)
Optfibt−1 0.0170

(0.0180)
Extra/Intrat−1 0.0345

(0.0240)
Int.Usest−1 0.0025

(0.0187)
Broadbandt−1 0.0377**

(0.0180)
No. Of. Obs. 3,770 3,843 3,843 3,838 3,843
Med-High
dXt−1 0.7365*** 0.7388*** 0.7387*** 0.7404*** 0.7396***

(0.0348) (0.0342) (0.0341) (0.0342) (0.0341)
MIt−1 0.0680 0.0711 0.0708 0.0721 0.0723

(0.0603) (0.0595) (0.0594) (0.0594) (0.0596)
Devicest−1 0.0461

(0.0410)
Optfibt−1 0.0481**

(0.0245)
Extra/Intrat−1 0.0316

(0.0356)
Int.Usest−1 0.0114

(0.0255)
Broadbandt−1 -0.0014

(0.0251)
No. Of. Obs. 3,427 3,501 3,501 3,501 3,501

Notes:1. All estimations include industry and time dummies. 2. Robust standard errors are
in parenthesis. 2. ***, ** and * mean statistically significant at the 1%, 5% and 10% levels,
respectively.

These results are similar to the ones obtained by Añon and Bonvin (2019) for

Spanish manufacturing SMEs, as they get that the impact of ICT use in the proba-

bility of exporting is larger in low-digitalization industries than in high-digitalization

ones. In our analysis, the progressive loss of significance when we move from low-

tech to med-low tech and med-high tech could be due to the fact that ICT adoption

is more generalised among firms belonging to these two technological intensity in-

dustries. Table C4 in the Appendix provides evidence that the higher the technology

intensity of the sector, the higher the use of ICTs. Therefore, the widespread usage
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of them in advanced tech sectors makes the ICT variables insignificant.16

4.5.2 Export Intensity

The aim of this section is the estimation of the following dynamic export intensity

equation:

EIit = δ0 + δ1EIit−1 + δ2ICTit−1 + δ3Zit−1 + vt + sj + eit (4.3)

where EIit is export intensity of firm i in period t, measured as the ratio of

exports to total sales. Our dynamic specification includes EIit−1 to capture persis-

tence in firms’ export intensity. ICTitis the same vector of ICT variables considered

when analysing the decision to export, and Zit is a vector of control variables that

may affect firms’ export intensity, that includes among others firm’s past imports

of intermediates experience (MExpt−1). sj is a vector of year dummies and vt is

a vector of industry dummies included to control for industry specific effects and

macro conditions, respectively. Furthermore, we cannot discard the existence of

some unobserved factors affecting firms’ export intensity. Thus, we assume that eit

has two components, a firm specific component and a transitory component (ηit),

then eit = ai + ηit

In the estimation of equation (4.3) we have to consider two econometric is-

sues. First, we cannot ignore the possible correlation between firm’s decision about

whether to export or not and firms’ export intensity. In other words, we should

consider that modelling export intensity requires to account for the possibility that

exporters are not a random subset of all firms, as those exporting first decide to

be experts, and conditional on having decided to export, they decide how much

are they going to export (the intensity value of export activity). Thus, our first

approach to the estimation of equation (4.3) was a Tobit II-Heckman model that

allows the processes of export decision and export intensity to be correlated. Nev-

ertheless, in the joint estimation of equations (4.1) and (4.3) the sample selection
16In both classifications (firm’s size and technological intensity) the interest variables and controls

are mostly positive and statistically significant, showing in general persistence in exports, import
cross effects, self-selection, depreciation in export experience and the need to include pre-sample
conditions.
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term (inverse of Mills ratio) is not statistically significant suggesting that the export

decision and the export intensity equations are independent processes that can be

estimated separately.17 Therefore, we estimate equation (4.3) using a Generalized

Linear Models (GLM) methodology to account for the fact the dependent variable,

export intensity, is a proportion. 18

The second econometric issue is the treatment of firms unobserved heterogene-

ity. Unobserved individual effects ( ai ) are correlated with the regressors since by

construction they are correlated with lagged export intensity (included in estima-

tion to capture export intensity persistence). Such as we did in the estimation of

the dynamic model of the decision to export, we control for correlated unobserved

heterogeneity using the fixed effect approach suggested by Blundell et al. (1999). As

explained above, this approach implies making assumptions about the distribution

of the unobserved effect ( ai ) conditional on observed covariates and adopting a

conditional maximum likelihood approach. Therefore, we model the distribution of

( ai ) as:

ai = τ0 + τ1ĒXpre + γit (4.4)

where ĒXpre is the pre-sample mean of the dependent variable (export inten-

sity), and γit represents the error term which is assumed to be independent of the

pre-sample means of the dependent variable, the explanatory variables and the id-

iosyncratic error term of the main equation. In practical terms, we estimate equation

(4.3) using a GLM model in which we include as additional variable the pre-sample

mean of export intensity. As in the estimation of firm’s dynamic export decision we

use as pre-sample period 2008-2012, and as the explanatory variable in the export

intensity equation (4.3) are lagged one period, we perform the estimation for the

period 2013-2016.19

17At the bottom of Table 26 we report the coefficients associated to the selection term, the
inverse Mills ratios.

18It is important noting that in the Heckman approach, we use as exclusion restrictions the
following variables: firms’ markups and the depreciation of export experience. The markup is
excluded as we suppose that when the firms start exporting they consider that other variables,
such as market concentration, might be more relevant to capture the effect of competition and
trade policy (De Loecker and Warzynski, 2012).

19Experimenting with different pre-sample periods produced very similar results.
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As in the estimation of the export decision equation, in the estimation of the

intensity equation we introduce the ICT variables sequentially as they are highly

collinear. Whereas all the ICTs variables considered have a positive effect on the

likelihood of exporting, as it is possible to observe in Table 26, only the use of

electronic devices, optical fiber and other internet uses have a statistically significant

positive effect on export intensity (the estimates corresponding to the other two ICT

variables are not different from zero at any conventional level of significance). If we

order the estimates of the variables with a positive and significant effect from the

largest to the smallest, the result is the following: electronic devices, optical fiber

use and other internet uses.

Similarly to our findings in the propensity case, following Leonidou et al. (2007)

classification, our results indicate that manufacturing firms adopt a mix strategy be-

tween external and internal ICTs to obtain a better performance in exports markets.

This is so, as electronic devices are the hardware to obtain information, and opti-

cal fiber is the technology to transmit information over longer distances, whereas

different internet uses are more focused into inner firms communication (such as

personnel training, hiring, video conferences, telephone calls or transactions with

government agencies).
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Table 26: Export intensity. Marginal Effects.
Devices Optical fiber Extra/Intranet Internet Uses Broadband

EIt−1 0.1187*** 0.1189*** 0.1189*** 0.1192*** 0.1191***
(0.0051) (0.0051) (0.0051) (0.0051) (0.0051)

Devicest−1 0.0064***
(0.0023)

Optfibt−1 0.0041***
(0.0013)

Extra/Intrat−1 0.0030
(0.0019)

Int.Usest−1 0.0021*
(0.0012)

Broadbandt−1 -0.0000
(0.0013)

Lab.prodt−1 0.0024** 0.0020** 0.0020** 0.0020** 0.0020**
(0.0009) (0.0009) (0.0009) (0.0009) (0.0009)

MExpt−1 0.0057** 0.0057** 0.0057** 0.0057** 0.058**
(0.0023) (0.0023) (0.0023) (0.0023) (0.0023)

Concentrationt−1 0.0021*** 0.0022*** 0.0023*** 0.0023*** 0.0023***
(0.0005) (0.0005) (0.0005) (0.0005) (0.0005)

Sizet−1 0.0025** 0.0024** 0.0025** 0.0024** 0.0026**
(0.0011) (0.0011) (0.0011) (0.0011) (0.0011)

Skillt−1 0.0021*** 0.0022*** 0.0023*** 0.0023*** 0.0024***
(0.0008) (0.0008) (0.0008) (0.0008) (0.0008)

R&Dt−1 0.0010 0.0010 0.0012 0.0011 0.0012
(0.0014) (0.0014) (0.0014) (0.0014) (0.0014)

Wagest−1 -0.0017 -0.0014 -0.0015 -0.0015 -0.0014
(0.0014) (0.0014) (0.0014) (0.0014) (0.0014)

ĒXpre 0.0911*** 0.0919*** 0.0925*** 0.0926*** 0.0925***
(0.0058) (0.0057) (0.0057) (0.0057) (0.0057)

Year/industry Yes Yes Yes Yes Yes

Mills ratio 0.318 0.342 0.320 0.330 0.360
(0.196) (0.162) (0.191) (0.179) (0.142)

No. Of. Obs. 16,179 16,475 16,475 16,446 16,475
Notes:1. All estimations include industry and time dummies. 2. Robust standard errors are in parenthesis. 2. ***, **
and * mean statistically significant at the 1%, 5% and 10% levels, respectively.

These results are partially in line with some of the findings for developing coun-

tries: for Brazil (Botelho and Tigre, 2005), for India (Lal, 2004), or for Ghana (Hin-

son and Sorensen, 2006), where there exists a marked ICT-export linkage. Further,

our results also confirm some conclusions for some developed countries in Europe.

See, for example, Hagsten and Kotnik (2017) who finds a mixed evidence: some ICT

(as website) have a significant influence, but others do not (as online transactions).

The positive and significant sign for lagged export intensity, in all specifications,

suggests that there exists a high degree of persistence (state dependence) in the evo-

lution of export intensity. This could be indicating that previous export experience
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is cumulative and generates skills and knowledge (for example, from consumers) that

fosters future exports among Colombian manufacturing. Moreover, the role of ex-

port intensity persistence is reinforced by the positive and highly significant effect of

the export intensity pre-sample mean (which capture their permanent effect through

firms’ individual effects). The estimates of lagged import intensity are also positive

in all specifications indicating that experience importing intermediate inputs has a

positive effect in export intensity for Colombian manufacturing firms. This could be

signalling that import experience gained in international markets might help firms

to expand their export activities.

The estimation of the rest of control variables are quite robust to the inclusion

of different ICT variables in estimation. First, export intensity is higher for larger

and more productive firms. It seems that, for an emerging economy like Colombia,

productivity operates not only as a selection-into-exporting mechanism but also

as a determinant of export intensity. Wagner (2001) proposes various arguments

to explain the relationship between export intensity and size: large firms enjoy

economies of scale, have higher capacity for taking risks, etc. Nevertheless, for

Colombia we suspect that this result might be more related to the easiness that

large firms have in obtaining funding at a lower cost, to the facility they have to

introduce embodied technology or to their reputation. Second, our estimates suggest

that firms with a higher percentage of skilled workers and which operate in more

concentrated industries show higher export intensities. Unlike, in the estimations

corresponding to the export decision, neither firms that undertake R&D nor wage

per worker showed a significant impact on export intensity.

To get further insight of our results, we consider different sub samples by firm’s

size. These results are reported in Table 27. For SMEs, we get that all the ICT

considered have a positive influence on exports, except for the case of usage of

internet with broadband and LAN connection. Moreover, the ICT variables have

now a stronger impact on the dependent variable. For large firms, none of the ICTs

has a relevant effect on export intensity, as all the estimated parameters are non-

significant. Our results are in line with those by Hagsten and Kotnik (2017) since

these authors find a clear influence of several ICTs on export participation for SMEs.
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Table 27: Export intensity by firm’s size. Marginal Effects.
Devices Optical fiber Extra/Intranet Internet Uses Broadband

SMEs
EIt−1 0.0982*** 0.0984*** 0.0982*** 0.0985*** 0.0985***

(0.0048) (0.0048) (0.0048) (0.0048) (0.0048)
MIt−1 0.0070*** 0.0069*** 0.0070*** 0.0068*** 0.0071***

(0.0025) (0.0024) (0.0025) (0.0025) (0.0025)
Devicest−1 0.0059***

(0.0019)
Optfibt−1 0.0039***

(0.0013)
Extra/Intrat−1 0.0028*

(0.0017)
Int.Usest−1 0.0024*

(0.0012)
Broadbandt−1 0.011

(0.051)
No. Of. Obs. 14,446 14,707 14,707 14,678 14,707
Large
EIt−1 0.3187*** 0.3178*** 0.3202*** 0.3191*** 0.3180***

(0.0298) (0.0297) (0.0295) (0.0296) (0.0293)
MIt−1 -0.0053 -0.0039 -0.0048 -0.0044 -0.0033

(0.0109) (0.0107) (0.0107) (0.0107) (0.0106)
Devicest−1 -0.0069

(0.0272)
Optfibt−1 0.0086

(0.0078)
Extra/Intrat−1 0.0125

(0.0162)
Int.Usest−1 -0.0022

(0.0064)
Broadbandt−1 -0.0094

(0.0083)
No. Of. Obs. 1,733 1,768 1,768 1,768 1,768

Notes:1. All estimations include industry and time dummies. 2. Robust standard errors are in parenthesis. 2. ***,
** and * mean statistically significant at the 1%, 5% and 10% levels, respectively.

The estimation results breaking down our sample by technology intensity sectors

are shown in Table 28. Whereas in the low-tech sector two out of five ICT variables

show positive and significant estimates, in the med-low tech only one variable shows

a positive and statistically significant estimate. Further, for med-high industries the

estimate of two of the ICT variables is positive and statistically significant. Añon

and Bonvin (2019) find similar results.

In addition, comparison of the results of the propensity and intensity estima-

tions corresponding to the same technological intensity sector reveal the existence

of common patterns. In the low-tech sector, the optical fiber use and the different

internet uses are statistically significant in both cases. In the case of med-low tech
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sector, the use of electronic devices is a relevant determinant of both propensity and

intensity. Lastly, the use of optical fiber is also relevant both for propensity and

intensity for the med-high tech sector.

Table 28: Export Intensity by technological intensity sectors. Marginal Effects.
Devices Optical fiber Extra/Intranet Internet Uses Broadband

Low
EIt−1 0.1000*** 0.1003*** 0.0999*** 0.1002*** 0.1001***

(0.0059) (0.0059) (0.0058) (0.0059) (0.0058)
MIt−1 0.0072** 0.0074** 0.0074** 0.0074** 0.0075**

(0.0035) (0.0035) (0.0035) (0.0035) (0.0035)
Devicest−1 0.0032

(0.0027)
Optfibt−1 0.0028*

(0.0017)
Extra/Intrat−1 0.0022

(0.0023)
Int.Usest−1 0.0036**

(0.0016)
Broadbandt−1 -0.0002

(0.0017)
No. Of. Obs. 8,975 9,123 9,123 9,099 9,123
Med-Low
EIt−1 0.1096*** 0.1118*** 0.1119*** 0.1121*** 0.1121***

(0.0101) (0.0102) (0.0102) (0.0102) (0.0102)
MIt−1 0.0065* 0.0068* 0.0070* 0.0068* 0.0069*

(0.0038) (0.0038) (0.0038) (0.0038) (0.0038)
Devicest−1 0.0078**

(0.0037)
Optfibt−1 0.0030

(0.0024)
Extra/Intrat−1 0.0027

(0.0031)
Int.Usest−1 0.0001

(0.0021)
Broadbandt−1 0.0016

(0.0024)
No. Of. Obs. 3,770 3,843 3,843 3,838 3,843
Med-High
EIt−1 0.1779*** 0.1751*** 0.1767*** 0.1764*** 0.1768***

(0.0148) (0.0146) (0.0147) (0.0146) (0.0147)
MIt−1 0.0052 0.0050 0.0045 0.0047 0.0049

(0.0060) (0.0060) (0.0061) (0.0061) (0.0062)
Devicest−1 0.0150**

(0.0072)
Optfibt−1 0.0093**

(0.0037)
Extra/Intrat−1 0.0033

(0.0056)
Int.Usest−1 -0.0023

(0.0035)
Broadbandt−1 -0.0016

(0.0038)
No. Of. Obs. 3,434 3,509 3,509 3,509 3,509

Notes:1. All estimations include industry and time dummies. 2. Robust standard errors are in paren-
thesis. 2. ***, ** and * mean statistically significant at the 1%, 5% and 10% levels, respectively.
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4.6 Concluding remarks

In this chapter we have investigated whether performing ICT activities fosters the

probability to export and boost export intensity for Colombian manufacturing. For

that purpose, we use a sample of 30,380 observations corresponding 10,094 firms

between 2013-2016 provided by DANE.

Our main findings are: i) in the decision to export (the propensity equation) all

the ICT considered have a positive and significant impact on that decision; ii) In

the export intensity equation only some ICT (electronic devices, optical fiber and

intra/extra net) have a significant an positive impact; iii) when we further deepen

into our results, by breaking down the sample by size and technology intensity

sectors, we find that the pattern for SMEs and for firms operating in low-tech

sectors is very similar to that of the pooled sample, as most of the firms in the

industrial manufacturing are SMEs operating in low-tech sectors; iv) there is also

strong evidence that firms deal with sunk costs when decide to enter in international

markets, since there is self-selection into exports activities; v) we also find that

import and exports activities are related, as importing fosters exporting; and, vi)

the inclusion of export depreciation experience shows that the cost of restarting to

export increases with the number of years without exporting.

Despite these favourable results, we observe that Colombian industrial sectors

show low advances in terms of ICT adoption and, therefore, there is a long way to go.

Although the basic ICTs (electronic devices and internet) are widely spread among

firms, we have to point that these ICT activities are categorized as information

technologies level 1, following Ruiz (2014). What implies that these serve almost

exclusively for the firms’ operating processes. The more advanced levels, as level 2,

that involve using online commercial transactions, have a lower rate of participation

in the industry. Finally, those related to level 3, used for the development of strategic

planning and business intelligence, are practically non-existent.

Unfortunately for Colombia, the last two levels are those that seem to play a

fundamental role in the internationalisation of firms. Thus, the outlook for the fu-

ture is not clear for the Colombian industry because there is still a need to make
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the leap to incorporate cutting-edge ICT and thus gain competitiveness in interna-

tional markets. This seems to be difficult, as firm’s financial capacities are limited

and there is also a lack of recognition of the importance of the ICT in productive

processes. Therefore, the government must support the development of the digi-

tal economy, designing a regulatory framework accompanied by public policies that

help the adoption of these new technologies to support innovation in firms, especially

among SMEs that represent the majority of the industry

Finally, as a summary of the impact of ICT on manufacturing for Latin American

economies, the evidence shows that this is size dependent. Countries with small

economies use basic ICT and show low performances with information technologies,

the intermediate economies use intermediate ICT and use them more efficiently,

and the largest economies (such as Brazil) make use of the most advanced ICT in

their manufacturing industry and this has a reflection on their performance. If we

compare this evidence of the usage of ICT in manufacturing to export or import

with developed economies, we observe that the developing economies are increasing

the adoption of ICT and therefore the gap with developing economies is growing.
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Appendix

A4. Variables definition

Exports (dX) Dummy = 1 if the firm exports output ; = 0 otherwise.

Import Experience (MExp) Total purchases of intermediates abroad divided by the total pur-
chases of the firm.

Export Intensity (EI) Total sales of output abroad divided by the total sales of the firm.

Devices (Devices)
Dummy=1 if the firm use any of the following ICT electronic de-
vices: desktop computers, laptops, tablets, cell phones, electronic
agendas or mobile capture devices; =0 otherwise.

Optical Fiber (Optfib) Dummy=1 if the firm uses optical fiber; =0 otherwise
Intranet and/or extranet
(Extra/Intra) Dummy=1 if the firm uses extranet and/or intranet; =0 otherwise

Internet uses (Int.Uses)

Dummy=1 if the firm use internet to send or receive email, look for
information on goods and services, official agencies and authorities,
electronic banking and other financial services. Transactions with
government agencies. Customer service. Online product distribu-
tion (delivery of products or services over the Internet). Personnel
training, Internal or external hiring. Use of applications Telephone
calls over the Internet / VoIP or use of video conferences (Skype,
etc.); =0 otherwise

Internet-Broadband-LAN
(Broadband)

Dummy=1 if the firm uses internet with broadband and LAN con-
nection; =0 otherwise

Labour productivity (Lab.prod) Logarithm of value added per employee
Market concentration
(Concentration) Logarithm of Herfindahl-Hirschman index

Markup (Markup)
Logarithm of output elasticity of materials divided by the revenue
share lagged in one period. The revenue share is defined as the total
cost of that input over firm’s total output.

Size (Size) Logarithm of number of employees.
Skill (Skill) Proportion of high skill labour in the firm’s labour force.

R&D investment (R&D) Dummy variable taking value 1 if the firm invests in R&D activities,
and 0 otherwise.

Labor wages (Wages) Logarithm of the wage per worker.
Depreciation export experience
( ˜dXit−2), ( ˜dXit−3), ( ˜dXit−4)

Reduction in the starting-up export sunk cost for a firm that last
exported 2, 3 or 4 year ago.

Pre-sample Exports propensity
( ¯dXpre)

Pre-sample means of the export dummy in the years 2008-2012.

Pre-sample Export intensity
(ĒXpre)

Pre-sample means of the export proportion in the years 2008-2012.
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B4. Descriptive statistics

Variable Full SMEs Large Low Med-Low Med-high

Exports 0.246 0.199 0.730 0.202 0.244 0.377
(0.431) (0.399) (0.444) (0.401) (0.430) (0.485)

Export Intensity 0.059 0.049 0.157 0.054 0.047 0.086
(0.160) (0.153) (0.196) (0.164) (0.135) (0.173)

Import intensity 0.071 0.056 0.226 0.048 0.096 0.109
(0.192) (0.176) (0.264) (0.157) (0.225) (0.228)

Devices 0.780 0.762 0.959 0.753 0.786 0.850
(0.414) (0.426) (0.198) (0.431) (0.410) (0.357)

Optical fiber 0.539 0.518 0.752 0.528 0.540 0.571
(0.498) (0.500) (0.432) (0.499) (0.498) (0.495)

Extra/Intranet 0.802 0.788 0.933 0.785 0.810 0.840
(0.399) (0.408) (0.250) (0.411) (0.392) (0.367)

Internet uses 0.325 0.297 0.609 0.297 0.323 0.408
(0.468) (0.457) (0.488) (0.457) (0.468) (0.491)

Broadband 0.511 0.495 0.667 0.496 0.514 0.550
(0.500) (0.500) (0.471) (0.500) (0.500) (0.498)

Labor productivity 10.429 10.352 11.214 10.340 10.447 10.665
(1.060) (1.032) (1.020) (1.051) (1.030) (1.081)

Market concentration -7.225 -7.807 -1.309 -7.929 -6.361 -6.198
(3.794) (3.366) (2.655) (3.827) (3.335) (3.757)

Markup 0.614 0.616 0.593 0.573 0.703 0.628
(0.583) (0.591) (0.490) (0.560) (0.657) (0.542)

Size 3.496 3.257 5.922 3.456 3.527 3.574
(1.258) (1.025) (0.713) (1.271) (1.222) (1.257)

Skill -2.059 -2.054 -2.110 -2.150 -2.119 -1.754
(0.924) (0.895) (1.144) (0.920) (0.867) (0.930)

R&D investment 0.173 0.144 0.470 0.154 0.164 0.236
(0.378) (0.351) (0.499) (0.361) (0.371) (0.425)

Wages 9.688 9.659 9.983 9.605 9.725 9.883
(0.492) (0.469) (0.608) (0.477) (0.476) (0.494)

Depreciation year 2 0.030 0.030 0.032 0.026 0.032 0.038
(0.170) (0.169) (0.176) (0.159) (0.177) (0.191)

Depreciation year 3 0.019 0.019 0.018 0.017 0.022 0.022
(0.137) (0.138) (0.133) (0.129) (0.147) (0.147)

Depreciation year 4 0.015 0.015 0.010 0.014 0.015 0.015
(0.120) (0.122) (0.101) (0.118) (0.123) (0.122)

Pre-sample Exports Propensity 0.249 0.201 0.732 0.211 0.250 0.358
(0.391) (0.356) (0.402) (0.371) (0.388) (0.431)

Pre-sample Exports Intensity 0.062 0.050 0.175 0.059 0.049 0.082
(0.147) (0.137) (0.189) (0.157) (0.119) (0.146)

Notes:
1. The first figure corresponds to the means.
2. Standard deviations are reported in parenthesis.
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C4. Use of ICT by technological intensity sectors

Devices Fibopt Intra/Extra Int.Uses Broadband
Low 75.3% 52.8% 78.5% 29.7% 49.6%
Med− Low 78.6% 54.0% 81.0% 32.3% 51.4%
Med−High 85.0% 57.1% 84.0% 40.8% 55.0%
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Conclusions

The main objective of this PhD dissertation has been to analyse different topics on

the strategic decisions of manufacturing firms for Colombia, a developing country.

In particular, we have paid special attention to analyse in depth the strategies of

innovation, export, import and the adoption of information technologies, all of them

in the context of globalization. To achieve our objective, we have followed different

statistical methodologies and rely on different recent studies, both for Colombia and

for other developed countries.

Our main findings can be summarized as follows. In the first chapter we find

evidence of self-selection into (process and product) innovation of the most produc-

tive firms, returns-to-innovation and a robust dynamic link between product and

process innovations. In the second chapter, we confirm the existence of both direct

and indirect links (via productivity) between exporting and importing activities. In

the third chapter, we find that the existence of complementarities/substitutabilities

(in terms of productivity) between firm’s internationalisation strategies depends on

the technological intensity of the industry in which the firm operates. Whilst we find

a relationship of substitutability between importing and exporting for low tech and

med-low tech sectors, we find complementarity in the med-high tech sector. Lastly,

in the fourth chapter, we uncover that ICTs have a positive and significant impact

on firms’ export propensity and intensity processes.

Although all the strategies implemented by the firms are only beginning to have

significant impacts on Colombian manufacturing, these have been positive in im-

proving their performance and competitiveness in local and foreign markets after

trade liberalization. This has shown that leaving behind the protectionist model of

import substitution (the ISI model) that prevailed in Colombia until the nineties,
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has been a success to improve the growth and development of its economy, especially

since the new millennium.

The contribution of this PhD dissertation lies not only on the results obtained

for the analysis of firms’ strategic decisions for Colombia but it also suggest some

procedures and methodologies that could be used to analyse similar issues in other

developing economies, particularly Latin America, given the similarities shared by

these economies and the fact that most of them imposed the ISI model in the XX

century. In addition, this research is relevant due to the lack of this type of studies

for emerging economies, not only in Latin America, but also worldwide.

In general, the main conclusions derived from the chapters of this thesis can

be grouped in several implications for economic policy which could eventually also

serve to analyse these issues in other emerging economies.

Implications of economic policy.

The first chapter shows that product and process innovations are closely related

activities in the Colombian manufacturing industry, and that they can directly and

indirectly impact positively on the firm’s productivity because they share sunk costs

and common learning. With this result, the economic policy (especially for SMEs,

which are the majority of firms in Colombian manufacturing) should take this du-

ality into account and reorient its policy in the manufacturing industry to facilitate

the innovation activity (either process or product) for which the firms show compar-

ative advantages. In this way the other innovation activity would also be indirectly

benefiting in the medium and long-run.

Therefore, government resources (such as seed capital or innovation bonds)

should focus on promoting product innovations rather than process innovations,

since the former is the most effective internationalisation strategy for SMEs. This

policy will allow to the firms face the sunk costs related to innovative activities

more efficiently. For instance, the imports of embodied technologies in capital goods

should be financed or at least co-financed to avoid the high sunk costs of investing

in R&D laboratories, or the search and hiring of skilled labour, especially in small
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firms.

For this policy to have the desired effect, it must go along with four others funda-

mental policies for SMEs. First, strengthen the intellectual appropriation (patents)

of the new knowledge as well as encourage its use in firms to replace the industrial se-

crecy as a measure to protect innovations. Second, expanding and facilitating access

to both public and private financing resources to leverage the introduction of inno-

vations and eliminate self-financing as the only alternative to achieve this objective.

Third, to consolidate the link between government-firms-universities- research cen-

tres instead of the firm-client-provider linkage, to promote the flow of knowledge.

Finally, to generate an organizational culture of innovation and entrepreneurship

among entrepreneurs, especially from smaller firms, so that the introduction of in-

novations becomes a front line objective in the production process.

In this same line, according to the results of chapter two, since there is a strong

direct and indirect link between firms’ internationalization strategies, the policy

should be focused to support the SMEs. This will help these firms to face the

sunk costs associated to entering international markets (either to export and/or

import). This support should be maintained for some initial years, as firms will

benefit from learning processes and gain experience, improving their performance

and guaranteeing also firms’ survival. In particular, the Ministry of Commerce,

Industry and Tourism should promote exports by adopting the following measures:

i) facilitate access to public and/or private credit and forgive debts for small firms

according to their performance in the initial years; ii) diversify markets, products

and added value of exports; iii) connect the supply of final goods with international

demand; and, iv) implement a teaching programs to make SMEs entrepreneurs aware

of the benefits of being connected to international markets. In the case of imports,

the first measure should also be easing access to financial resources. Further, policy

should also focus on the elimination of tariffs for the importation of raw materials

in small firms, especially when they begin to import.

As regards chapter three, the finding of substitutability and/or complementar-

ity of exports and imports, implies adopting a differential trade policy. For small

firms operating in low-technology sectors, exports should be boosted through the

226



implementation and strengthening of more free trade agreements, diversify exports,

encourage innovation and technological development, reduce export costs, and invest

in infrastructure (ports, airports, roads and highways), among others. The other

policy should be aimed at promoting imports of intermediate inputs in industries

with large firms and those with the greatest use of advanced technologies, not only

because the most frequent strategy is to be a two-way trader, but because according

to the results of the previous chapter, the import of this type of technology fosters

productivity and competitiveness.

Finally, the results of the last chapter uncover that the Colombian manufactur-

ing industry is still strongly anchored to basic-level ICT, typical of daily operating

processes (PC’s, internet, website), and that a source of firms’ internationalization

is the incorporation of information and communication technologies. Therefore, the

government should enact public policies aimed not only at promoting the use and

management of other ICTs, such as electronic commerce in SMEs, but also achiev-

ing more advanced ones such as B2B, B2C, Big Data and the Business Internet of

Things (EIoT), among others. This should be achieved either through financing

or co-financing the investment, to find new, better and larger foreign markets to

trade. In this order of ideas, for private firms the barriers to technology adoption

must be reduced, and transverse credits must be created for the inclusion of ICT

and management skills programs focused on SMEs and new ventures. Further, this

policy must be accompanied by another one that encourages training in the man-

agement of these technologies not only for operators but also for entrepreneurs, so

that they understand the importance of introducing these technologies in produc-

tion processes. Finally, the government should pay the debt acquired in the firms

with private or public resources to those firms that are granted the seal of good

ICT innovation practices (certificate that is granted to firms that have implemented

an innovation management system in information technologies), which in turn will

boost the firm’s reputation and generate confidence in foreign demanders.
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Conclusiones

El objetivo principal de esta tesis doctoral ha sido analizar diferentes temas so-

bre las decisiones estratégicas de las empresas manufactureras para Colombia, un

país en desarrollo. En particular, hemos prestado especial atención a analizar en

profundidad las estrategias de innovación, exportación, importación y adopción de

tecnologías de la información, todas ellas en el contexto de la globalización. Para

lograr nuestro objetivo, hemos seguido diferentes metodologías estadísticas y nos

hemos basado en diferentes estudios recientes, tanto para Colombia como para otros

países desarrollados.

Nuestros principales hallazgos se pueden resumir de la siguiente manera. En el

primer capítulo encontramos evidencia de autoselección en innovación (en proceso

y producto) de las empresas más productivas, retornos a la innovación y un vínculo

dinámico robusto entre innovaciones de producto y proceso. En el segundo capítulo,

confirmamos la existencia de nexos directos e indirectos (a través de la produc-

tividad) entre las actividades de exportación e importación. En el tercer capítulo,

hallamos que la existencia de complementariedades/sustituciones (en términos de

productividad) entre las estrategias de internacionalización de la empresa depende

de la intensidad tecnológica de la industria en la que opera la empresa. Si bien

encontramos una relación de sustituibilidad entre la importación y la exportación

de los sectores de baja tecnología y de tecnología media-baja, encontramos comple-

mentariedad en el sector de tecnología media-alta. Por último, en el cuarto capítulo,

descubrimos que las TIC tienen un impacto positivo y significativo en la propensión

a la exportación y los procesos de intensidad de las empresas.

Aunque todas las estrategias implementadas por las empresas apenas comien-

zan a tener un impacto significativo en la manufactura colombiana, estas han sido

229



positivas para mejorar su desempeño y competitividad en los mercados locales y ex-

tranjeros después de la liberalización comercial. Esto ha demostrado que dejar atrás

el modelo proteccionista de sustitución de importaciones (modelo ISI) que prevaleció

en Colombia hasta los años noventa, ha sido un éxito para mejorar el crecimiento y

el desarrollo de su economía, especialmente desde el nuevo milenio.

La contribución de esta tesis doctoral radica no solo en los resultados obtenidos

para el análisis de las decisiones estratégicas de las empresas para Colombia, sino

que también sugiere algunos procedimientos y metodologías que podrían usarse para

analizar problemas similares en otras economías en desarrollo, particularmente las

de América Latina, dada la similitudes compartidas por estas economías y por el

hecho que la mayoría de ellas impusieron el modelo ISI en el siglo XX. Además,

esta investigación es relevante debido a la falta de este tipo de estudios para las

economías emergentes, no solo en América Latina, sino también a nivel mundial.

En general, las principales conclusiones derivadas de los capítulos de esta tesis

pueden agruparse en varias implicaciones de política económica que eventualmente

también podrían servir para analizar estos problemas en otras economías emergentes.

Implicaciones de política económica

El primer capítulo muestra que las innovaciones de producto y proceso son ac-

tividades estrechamente relacionadas en la industria manufacturera colombiana, y

que pueden impactar positivamente de forma directa e indirecta en la productividad

de la empresa porque comparten costos hundidos y un aprendizaje común. Con este

resultado, la política económica (especialmente para las PyME, que son la mayoría

de las empresas en la fabricación colombiana) debería tener en cuenta esta duali-

dad y reorientar su política en la industria manufacturera para facilitar la actividad

de innovación (ya sea de proceso o producto) sobre la cual las empresas muestren

ventajas comparativas. De esta manera, la otra actividad de innovación también se

beneficiaría indirectamente a mediano y largo plazo.

Por lo tanto, los recursos del gobierno (como capital semilla o bonos de in-

novación) deberían centrarse en promover innovaciones de productos en lugar de
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innovaciones de procesos, ya que la primera es la estrategia de internacionalización

más efectiva para las PyME. Esta política permitirá a las empresas enfrentar los

costos hundidos relacionados con actividades innovadoras de manera más eficiente.

Por ejemplo, las importaciones de tecnologías incorporadas en bienes de capital

deben ser financiadas o al menos cofinanciadas para evitar los altos costos hundidos

de invertir en laboratorios de I+D, o la búsqueda y contratación de mano de obra

calificada, especialmente en pequeñas empresas.

Para que esta política tenga el efecto deseado, debe ir junto con otras cuatro

políticas fundamentales para las PyME. Primero, fortalecer la apropiación intelec-

tual (patentes) de nuevo conocimiento y alentar su uso en las empresas para reem-

plazar el secreto industrial como medida de protección de las innovaciones. En

segundo lugar, ampliar y facilitar el acceso a los recursos financieros públicos y

privados para aprovechar la introducción de innovaciones y eliminar el autofinan-

ciamiento como la única alternativa para lograr este objetivo. Tercero, consolidar el

vínculo entre el gobierno-empresas-universidades-centros de investigación en lugar

del vínculo empresa-cliente-proveedor, para promover el flujo de conocimiento. Fi-

nalmente, generar una cultura organizacional de innovación y emprendimiento entre

los emprendedores, especialmente de las empresas más pequeñas, para que la intro-

ducción de innovaciones se convierta en un objetivo de primera línea en el proceso

de producción.

En esta misma línea, según los resultados del capítulo anterior, dado que existe

un fuerte vínculo directo e indirecto entre las estrategias de internacionalización de

las empresas, la política debe centrarse en apoyar a las PyME. Esto ayudará a estas

empresas a enfrentar los costos hundidos asociados con la entrada en los mercados

internacionales (ya sea para exportar o importar). Este apoyo debe mantenerse du-

rante algunos años iniciales, ya que las empresas se beneficiarán de los procesos de

aprendizaje y ganarán experiencia, mejorando su desempeño y garantizando tam-

bién la supervivencia de las empresas. En particular, el Ministerio de Comercio,

Industria y Turismo debería promover las exportaciones mediante la adopción de

las siguientes medidas: i) facilitar el acceso al crédito público y/o privado y con-

donar las deudas de las pequeñas empresas de acuerdo con su desempeño en los
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años iniciales; ii) diversificar mercados, productos y valor agregado de las exporta-

ciones; iii) conectar el suministro de bienes finales con la demanda internacional; y,

iv) implementar programas de enseñanza para sensibilizar a los empresarios de las

PyME sobre los beneficios de estar conectados a los mercados internacionales. En el

caso de las importaciones, la primera medida también debería ser facilitar el acceso

a los recursos financieros. Además, la política también debe centrarse en la elimi-

nación de aranceles para la importación de materias primas en pequeñas empresas,

especialmente cuando comienzan a importar.

Con respecto al capítulo tres, el hallazgo de sustituibilidad y/o complemen-

tariedad de las exportaciones e importaciones implica adoptar una política comercial

diferencial. Para las pequeñas empresas que operan en sectores de baja tecnología,

las exportaciones deben ser impulsadas mediante la implementación y el fortalec-

imiento de más acuerdos de libre comercio, diversificar las exportaciones, fomentar

la innovación y el desarrollo tecnológico, reducir los costos de exportación e invertir

en infraestructura (puertos, aeropuertos, carreteras y carreteras). ); entre otros. La

otra política debe estar dirigida a promover las importaciones de insumos interme-

dios en industrias con grandes empresas y aquellas con el mayor uso de tecnologías

avanzadas, no solo porque la estrategia más frecuente es ser un comerciante bidirec-

cional, sino porque de acuerdo con los resultados del capítulo anterior, la importación

de este tipo de tecnología fomenta la productividad y la competitividad.

Finalmente, los resultados del último capítulo revelan que la industria manufac-

turera colombiana todavía está fuertemente anclada a las TIC de nivel básico, típicas

de los procesos operativos diarios (PC, internet, sitio web), y que una fuente de in-

ternacionalización de las empresas es la incorporación de información y tecnologías

de comunicación. Por lo tanto, el gobierno debe promulgar políticas públicas des-

tinadas no solo a promover el uso y la gestión de otras TIC, como el comercio

electrónico en las PyME, sino también a lograr otras más avanzadas como B2B,

B2C, Big Data y el Internet de las cosas (EIoT), entre otros. Esto debería lograrse

mediante la financiación o la cofinanciación de la inversión, para encontrar mercados

extranjeros nuevos, mejores y más grandes para comerciar. En este orden de ideas,

para las empresas privadas se deben reducir las barreras a la adopción de tecnología
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y se deben crear créditos transversales para la inclusión de las TIC y los programas

de habilidades de gestión centrados en las PyME y las nuevas empresas. Además,

esta política debe ir acompañada de otra que fomente la capacitación en el manejo

de estas tecnologías no solo para los operadores sino también para los emprende-

dores, para que comprendan la importancia de introducir estas tecnologías en los

procesos de producción. Finalmente, el gobierno debe pagar la deuda adquirida en

las empresas con recursos privados o públicos a aquellas empresas a las que se les

otorga el sello de buenas prácticas de innovación en TIC (certificado que se otorga

a las empresas que han implementado un sistema de gestión de la innovación en

tecnologías de la información), que a su vez, aumentará la reputación de la empresa

y generará confianza en los demandantes extranjeros.
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