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Abstract 
 

The main objective of this paper is to investigate the 

relationships between exporting success and variables that 

affect the economic and financial structure. For a set of 

242 Small and Medium-Sized Estonian firms, we will 

analyze how financial variables contribute to the 

achievement of higher export success rates. We select the 

relevant variables with Principal Component Analysis and 

use an Artificial Intelligence method (PART algorithm) to 

study the role of them. The results show that the more 

relevant financial variables to analyze the success in 

international market are the ones related to the liquidity of 

the assets, the level of interest payments, sales growth, the 

ones related to firms' own funds and the age of the 

company.  In addition, although some financial factors are 

more significant than others, none of them is clearly a key 

factor for all companies and situations, that is, no single 

factor can lead to success or failure. 

 

Financial capacities, Export success, Artificial 

intelligence, PART algorithm, Principal component 

analysis 

 

 

 

Resumen 

 

El objetivo principal de este documento es investigar las 

relaciones entre el éxito de la exportación y las variables 

que afectan la estructura económica y financiera. Para un 

conjunto de 242 empresas estonias pequeñas y medianas, 

analizaremos cómo las variables financieras contribuyen 

al logro de mayores tasas de éxito en las exportaciones. 

Seleccionamos las variables relevantes con el Análisis de 

componentes principales y utilizamos un método de 

inteligencia artificial (algoritmo PART) para estudiar el 

papel de las mismas. Los resultados muestran que las 

variables financieras más relevantes para analizar el éxito 

en el mercado internacional son las relacionadas con la 

liquidez de los activos, el nivel de pagos de intereses, el 

crecimiento de las ventas, las relacionadas con los fondos 

propios de las empresas y la edad de la empresa. . Además, 

aunque algunos factores financieros son más significativos 

que otros, ninguno de ellos es claramente un factor clave 

para todas las empresas y situaciones, es decir, ningún 

factor puede llevar al éxito o al fracaso. 

 

Capacidades financieras, Éxito de exportación, 

Inteligencia artificial, algoritmo PART, Análisis de 

componentes principals 
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Introduction 

 

This work has a threefold objective. The first is 

to analyze the direct relationship that may exist 

between economic-financial variables and the 

investment decisions implicit in the continuous 

presence in international markets. The 

relationship between investment decisions and 

financial variables has been extensively studied, 

using the concept of financial restriction as a 

moderating or an intermediate variable.  

 

Economic-financial variables              Financial 

restriction               Investment decisions 

 

However, given the proposed 

methodology, the variables used in the model 

will be those that, according to the most recent 

and relevant literature, may be the cause of the 

appearance of financial restrictions, which 

would be an obstacle to making investments in 

general and, in particular, those necessary to 

carry out an international activity.   

 

It is evident that the companies that 

present greater restrictions will have more 

difficulty to invest, either in national or 

international markets. However, given the little 

consensus that exists in how these restrictions 

are generated and therefore which variables 

influence their appearance, this paper tries to 

discover patterns of behavior directly of the 

financial economic variables without using the 

financial restrictions as a moderating variable.  

 

Firms’ export performance depends on 

many different factors (Harris and Li, 2011). 

Overall, exporter performance reflects the result 

from a specific firm’s exporting behavior under 

specific environmental circumstances (Landa-

Torres, et al. 2012). It is possible to identify three 

dimensions of the exporting behaviour: 

economic, financial, and strategic (Katsikeas et 

al. 2000).  

 

In general, firms’ heterogeneous resources 

are considered as an explicative factor in several 

models of international trade. In particular, 

financial resources play a critical role not only 

for firms’ ordinary activities, but also for their 

growth and international expansion strategies 

(Chaney, 2013; Manova, 2012 and Melitz, 

2003).  

 

 

 

The literature has paid attention especially 

to the relationship between productivity and 

international trade, and although productivity is 

a key factor, this study also considers other 

critical financial variables: in specific, the need 

for financial resources that shows firms’ 

financial health and constraints they may face 

(Forte and Moreira, 2018). Since the study of 

Greenaway et al. (2007), a growing number of 

investigations that study the relationship 

between financial variables and export activities 

have appeared.  

 

These studies are based on the premise that 

financial health and financial capacities 

constitute a decisive role for the survival of firms 

in general and, especially, exporters. Several 

reasons could explain the necessity of financial 

resources for exporters (Chugan and Singh, 

2016). Consequently, the factors that can make 

achieving their international strategy easier, or 

on the contrary, that can deter it, will be decisive 

in their international success because they can 

contribute to competing efficiently in those 

markets and to getting involved there in a stable 

manner.  

 

Nevertheless, only a few studies tackle this 

question by considering that international firms 

are dissimilar and, consequently, they have a 

different exporting status that requires a detailed 

analysis (Gorg and Spaliara, 2012). Therefore, 

this research tries to show how financial 

variables, and consequently, financial health 

(Gorg and Spaliara, 2012), productivity and 

profitability affect firms’ financial decisions, 

business survival and export success 

(Kiendrebeogo and Minea, 2016).  

 

 The main objective of this paper is to 

investigate the relationships between exporting 

success and financial capacities. To prove the 

role of the financial variables in such success, 

together with the measures proposed by the 

different models in relation to financial 

constraints, other variables that affect 

profitability, business growth and productivity 

have been incorporated. These last variables are 

incorporated because they can affect the ability 

to generate resources and, therefore, the access 

to financing. Somehow, they can be considered 

as indirect measures of the financial constraints. 

 

Our empirical results confirm a positive 

relationship between export success, the age of 

the company, sales growth, dividend policy and 

the use of own resources.  

http://www.sciencedirect.com/science/article/pii/S0022199614001482#bb0125
http://www.sciencedirect.com/science/article/pii/S0022199614001482#bb0205
http://www.sciencedirect.com/science/article/pii/S0022199614001482#bb0210
http://www.sciencedirect.com/science/article/pii/S0022199614001482#bb0210
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The sample of our study consists of 242 

Estonian exporters. Estonian exports have 

grown considerably in the last two decades 

(Figure 1). The 2008-2010 economic crisis that 

also negatively affected some exporters, was, at 

the same time, an incentive that encouraged 

several Estonian firms to enter international 

markets. In 2017 Estonian exports were 12.8 

billion EUR, what represents an increase of 

7.67% compared to 2016. Moreover, exports 

represent 55.69% of Estonian GDP, which 

situates Estonia in the 12th position (from 188 

countries) in the export share ranking with 

respect to GDP.  

 

 
 
Figure 1 Estonia’s exports in 1999-2017 (million EUR) 

Source: Own elaboration based on datosmacro.com 

(https://www.datosmacro.com/comercio/exportaciones/es

tonia)  

 

Despite its dynamic exporting activity, 

Estonia is a very small country: its population is 

only 1.3 million. The smallness of the country 

makes it an interesting research object as 

studying small countries is recommended 

(Schwens et al. 2018; Vissak, et al. 2018). 

Consequently, at present, studying Estonian 

firms’ export performance is a relevant issue. 

Moreover, the results could be generalized to 

other countries that, independently of their size, 

have had very dynamic export activities in the 

last decades. 

 

The sample of Estonian firms has been 

classified into two categories: successful and 

unsuccessful exporters (Landa-Torres, et al. 

2012). For each firm, following the literature 

review, financial and economic information has 

been collected. We will focus on the following 

three sub-themes. First, we will characterize 

successful and unsuccessful international firms 

by describing exporters’ financial features.  

 

 

Second, for the set of previously classified 

firms, we will detect relationships between their 

financial variables and the success rate. Finally, 

bearing in mind that the variety and 

interdisciplinarity of analysis techniques enrich 

the results, we will carry out our study using two 

complementary methodologies. On one hand, 

we will apply a classical statistical technique 

(principal component analysis) to choose the 

most relevant variables among the ones selected 

from the literature. On the other hand, we will 

use an artificial intelligence method to discover 

the relations that characterize successful and 

unsuccessful export behavior. 

 

The following section presents the 

literature review related to this subject including 

the research questions. The research sample, the 

variables and the methodology are presented 

thereafter. The following sections include the 

analysis of the results and the conclusions and 

future research suggestions.  

 

Literature Review: The importance of 

financial resources and financial variables for 

international performance 

 

Recent theoretical and empirical contributions 

point out the importance of financial 

development for international trade (Stiebale, 

2011), although it is not very common to 

incorporate it to analyzing export performance 

(Maurel, 2009). 

 

According to the literature, financial 

resources can affect the export result (Ling-Yee 

and Ogunmokun, 2001). Financial resources 

reflect the disposition of the necessary funds to 

carry out international transactions, but also 

firms’ economic-financial structure (Maurel, 

2008).  

 

This structure may lead to the possession 

of capacities or strengths that allow them to have 

sufficient “financial health” to conduct the 

necessary investments to develop their 

international operations successfully. In short, 

the difference between internationally 

successful or unsuccessful companies can also 

have a financial dimension that can play a key 

role in exporting behavior (Chaney, 2005). 
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That way, and following the previous 

research that encompasses these features 

(Greenaway et al, 2007, Berman and Héricourt, 

2008; Maurel, 2009, 2008; Arndt et al., 2009; 

Bellone et al., 2010; Chaney, 2005), our paper 

considers that the financial structure, the 

structure of assets (economic structure), the 

capacity to generate cash flows and the 

productivity and growth of the company in the 

past can be linked a priori with its export 

performance. Even though it is not endorsed in 

all investigations (Berman and Héricourt, 2008), 

there may be significant relationships between 

the export result and certain indicators of 

profitability, financial and economic structure as 

pointed out by Maurel (2008). 

 

Following Maurel’s (2008) paper, the 

financial structure refers to sources of financing: 

shareholders’ equity and debts. The shortage of 

financial resources and their cost can be a strong 

impediment to international development since 

this activity requires large investments, and 

financial sources can affect the achievement of a 

better export performance. 

 

On the other hand, the economic structure 

refers to the composition of assets and is divided 

into two categories: non-current assets and 

current assets. The disposition of assets can 

influence export performance through the 

impact of export-related investments (Maurel, 

2008). For example, we can point out the 

possible impact on the export result if the 

company has too many resources invested in 

clients, or if it possesses certain intangible assets 

such as patents and trademarks. 

 

Finally, the ability to generate cash flows 

and the shortage of liquidity can slow down 

growth, especially in international markets, 

because exporting requires facing significant 

costs and restrictions that are associated with 

long payment periods and entry costs. A healthy 

economic and financial structure should cover 

those additional costs that cannot be avoided 

when foreign operations are conducted (Bernard 

and Jensen, 1999). 

 

To assess firms’ health or financial 

capacity, liquidity ratios, indebtedness ratios 

(Greenaway et al, 2007, Maurel, 2008, Arndt et 

al., 2009, Berman and Héricourt, 2008) and 

other financial structure ratios, which inform of 

the composition of financial sources and their 

distribution between debts and share capital, can 

be used.  

The latter ratios can be interpreted as the 

capacity (or shortage) of obtaining financial 

resources and therefore, they can be used as a 

possible measure of firms’ financial capacities 

or constraints (Berman and Héricourt, 2008). 

 

Regarding the asset structure, the capital 

stock and the composition of assets (current and 

non-current), together with the ability to 

generate cash flows in the future as well as 

measures of productivity, and value added per 

worker (productivity) are relevant factors 

(Berman and Hericourt, 2008). 

 

In fact, there is an important consensus in 

considering companies’ productivity differences 

fundamental for explaining the existence of 

exporters (Arndt et al., 2009). The justification 

is that exporting can only be feasible if certain 

productivity thresholds are reached (Chaney, 

2005). Therefore, we try to check if a specific 

economic-financial structure is associated with 

exporters’ success (or failure). In this way, we 

can mention some of the aspects that have been 

discussed. 

 

First, financial factors influence the 

decision to export because entering foreign 

markets can be considered as an investment 

(Melitz, 2003) associated with several additional 

costs. Significant evidence of this relationship 

has been obtained, concluding that only the most 

productive and largest companies can afford the 

costs associated with entering foreign markets 

(Melitz, 2003, Bernard and Jensen, 1999, 

Campa, 2004, Roberts and Tybout, 1997). This 

is consistent with the hypothesis that limited 

access to external financing can prevent 

companies from going abroad (Bellone et al. 

2010). 

 

Second, there is some evidence that 

exporters have a better financial situation than 

non-exporters, and this better situation is a result 

of participation in foreign markets rather than a 

determining factor for entering those markets 

(Greenaway et al, 2007). Some investigations 

explain how exporting can improve firms’ 

financial position: for example, in terms of 

access to financing or lower liquidity constraints 

(Campa and Shaver, 2002). Additionally, 

exports can be considered a sign of efficiency 

and competitiveness for potential investors in an 

environment of information asymmetries linked 

to the imperfections of financial markets since 

only the best companies can export (Arndt et al., 

2009).  
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In other words, not only can there be an 

improvement in financial health due to 

participation in foreign markets, but also that 

position can influence the export result. That 

relationship is to be determined in this study. 

There is an increasing interest in the role of 

financial constraints in international trade, from 

both a theoretic and an empirical point of view 

(see for example Manova, 2012, 2015; Muûls, 

2015). Several studies show the relationship 

between external financing and international 

trade. For instance, Minetti and Zhu (2011) 

stated that rationing of credit can affect the 

decision to enter export markets and also export 

share. Bellone et al. (2010) found a negative 

relationship between financial health and export 

intensity as well as the type of export firms. 

Manova et al. (2015) showed how financial 

constraints affect firm-level exports and 

multinational activities. 

 

Different measures and valuations of 

exporters’ financial constraints are related, on 

one hand, to productivity (Melitz, 2003) and, on 

the other hand, to firms’ ability to achieve 

profitability by means of cash flows. Access to 

credit and external financing (Muûls, 2015; 

Wagner, 2014) also affects firms’ ability to 

follow investment opportunities (Almeida et al., 

2004). Moreover, financial constraints depend 

on firms’ financing preferences according to the 

Pecking Order Theory (Myers and Majluf, 

1984). In the literature, firms’ financial 

constraints, liquidity and leverage (Greenaway 

et al. 2007) are often used to represent higher or 

lower likelihood of credit restriction. 

Nevertheless, we will apply more complex and 

complete methodologies. 

 

At this point, a literature review has been 

conducted looking for different proposals about 

how to measure financial constraints and their 

different effects on international activities (see, 

for instance Manova 2012; Manova et al., 2015; 

Wagner, 2014; Minetti, and Zhu, 2011; Musso 

and Schiavo, 2008; Williamson and Yang, 

2016). In Table 1, the main models used to 

measure financial constraints are summarized. 

 

 

 

 

 

 

 

 

 

Study Model Variables 

Kaplan and 

Zingales, 

1997 (first 

approach). 

Lamont et al. 

(2001) (index 

creation). 

KZ index Kit: capital stock (fixed 

assets); 

CFit: the cash flow 

variable; Qit is the Tobins's 

Q;  

Dit: the debt variable;  

TotCapit: the total capital 

(sum of debt plus 

stockholders' equity); 

Divit: dividends 

Cashit: is the cash (cash 

plus short-term 

investments). 

Whited and 

Wu (2006) 

Whited and 

Wu index 

(WW index). 

cash flow to total assets (-

); 

dividend policy indicator (-

) 

long-term debt to total 

assets (+); 

size (log of total assets or 

market capitalization) (-); 

the firm’s three-digit SIC 

industry sales growth (+); 

sales growth (-) 

Musso and 

Schiavo 

(2008) 

(Bellone et 

al.’s 2010 

contributions 

are based on 

this method) 

 size (total assets); 

profitability (return on 

total assets); 

liquidity (current asset 

over current liabilities); 

cash flow generating 

ability; 

solvency (own funds over 

total liabilities); 

trade credit over total 

assets; 

repaying ability (financial 

debt over cash flow) 

Hadlock and 

Pierce, 2010 

Size-age 

methodology: 

SA index 

Assets; size; firm’s age 

Stiebale, J. 

(2011 ) 

 Liquidity ratio 

Leverage 

Short-term Leverage 

Coverage Ratio 

Cash-flow ratio 

Size 

Productivity 

Total factor productivity 

Reports Intangible assets 

(yes/no) 

Intangible assets 

Tangible fixed assets  

Export sales/total sales 

Number of employees 

Value added per employee 

Sales per employee 

Personal costs per 

employee 

 
Table 1 Models of financial constraints 

Source: Own Elaboration 

 

 As it has been pointed out, the results of 

other studies support several ideas. First, a 

company with limited financial resources is less 

likely to be competitive abroad. Export activity 

involves longer payment periods than the 

domestic trade (Ling-Yee & Ogunmokun, 

2001).  
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 Thus, companies must have a solid 

financial position to maintain their commercial 

activities. Second, export activity requires 

financial resources for its successful 

implementation and sustainability. Therefore, a 

company needs sufficient funds to be able to 

improve its production capacity, develop export 

specialists’ skills and cover other operational 

costs such as transport risks or currency 

volatility. (Ling-Yee and Ogunmokun, 2001). 

 

 Thus, there is wide evidence that exporters 

outperform non-exporters in many aspects, 

which means that companies must have a certain 

level of liquidity and productivity to start 

exporting. This is called the “self-selection” 

hypothesis or effect. Only the most productive 

companies can start exporting (Melitz, 2003; 

Battaglia, et al., 2018). The debate on this matter 

is intense; however, the causality can go in the 

opposite direction. In this sense, empirical 

evidence on the reverse causality, the so-called 

“learning for export” hypothesis, is less 

extended (Greenaway and Kneller, 2007). 

 

Thus, starting from the assumption that 

financial variables affect exporters during their 

whole life cycle, the following research question 

is developed: 

 

Which financial variables distinguish successful 

and non-successful exporters?  

 

This also allows us to show how a combination 

of financial variables (the ones that are included 

in the models of financial restrictions -direct 

measures of financial constraints- together with 

the ones related to profitability, business growth 

and productivity -indirect measures of financial 

constraints) reflects in different status of 

exporting companies. 

 

Sample, variables and research methodology 

 

Sample and variables 

 

This study is based on firm-level data from the 

Estonian Business Register’s database of annual 

financial reports. It contains financial and 

economic information for 242 Estonian firms for 

the period 2009-2013. Only manufacturing firms 

were analyzed, as such firms are the most active 

exporters (Lejárraga and Oberhofer, 2015; 

Vissak, et al. 2018). 

 

 

 

To measure the international performance 

of the sample firms, following the literature, two 

variables have been selected: export intensity 

(export ratio) and export growth rate for the 

period of 2009-2013 (Czinkota and Ursic, 1991; 

Shoham, 1996). Both measures provide a 

reasonable description of export performance 

and capture the complexity of the export process 

and its success (Landa-Torres, 2012). The 

combination of both indicators allows us to 

classify the firms in different categories, 

according to the rate of success or failure (Figure 

2). 
 

 
 
Figure 2 Matrix Intensity/Growth 

Source: Own Elaboration based on Czinkota and Ursic 

(1991) 

 

Our choice of explanatory variables was 

guided by prior approaches to measuring 

constrains (see Table 1). Originally, the list of 

dependent variables consisted of all the variables 

used in the models of financial constraints, 

especially Musso and Schiavo (2008). 

Consequently, 31 independent variables were 

calculated. Due to the missing information about 

some firms’ independent variables, the final 

sample consisted of 121 companies, 82 were 

“successful” and the rest (39 firms) 

“unsuccessful”, with 31 variables calculated. 

 

Due to the large number of variables in 

relation to the final sample (121 firms), it was 

necessary to check the sample’s suitability for 

the analysis. Therefore, factor analysis was 

conducted. Principal Components Analysis 

(PCA) allowed us to check the percentage of 

variance that the 31 variables explained. The 

statistical tests evaluating the suitability of the 

sample to the model showed excellent adequacy 

of the data, because KMO statistic, which 

indicates the proportion of the variance that the 

analyzed variables have in common, had a value 

of 0.883. Thus, data were suitable for the factor 

analysis. Also, by applying Bartlett’s test we 

could assure that factor analysis can be used: the 

significance was perfect since it had the value 

0.00. Finally, another factor to consider is the 

determinant of the correlation matrix that 

presented a value of 5.97E-015.  

 

 

Export intensity 

(exports/total net sales in 

percentage) 

Export growth rate last five years 

(in percentage)s 

 Increase  Non increase 

or decrease  

Over  15% Success No success 

Equal or less than 15 % Non-success. No success 
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As it was very close to 0, this suggested a 

high level of multicollinearity in the set of 

variables involved in the matrix. We initially 

selected five factors, which included 27 

variables that had eigenvalues ≥1 indicating that 

the component explained more variance than a 

variable alone. These five components explained 

72.531% of the variance.  

 

Component 

Initial Eigenvalues 

Total % variance % accumulated 

1 12,144 44,979 44,979 

2 3,198 11,846 56,825 

3 1,805 6,685 63,510 

4 1,399 5,181 68,691 

5 1,037 3,840 72,531 

 
Table 2 Total variance explained 

Source: Own Elaboration  

 

 Component 1 (equity, total assets, cash 

stock, total stock, working capital, CAPEX, 

short liability, financial debt, long-term debt, 

retained earnings, cashflow, current assets, 

tangible fixed assets, total liabilities, earnings 

before interest and taxes, sales, net income and 

number of employees) was the most relevant 

since it explained 45% of the variance. This 

component grouped the variables of economic 

and financial structure (economic structure of 

current assets), and how they interacted to 

generate profitability.  

 

 Concretely, in this first component, the 

variables that saturated more were those related 

to the size of the company (measured in terms of 

total assets and sales), liquidity (current assets 

and cash flow) and companies’ short-term 

solvency (due to working capital and short-term 

debt stand out). The component 2 added interest 

payment variable because the attributes with 

greater weight were those linked to long-term 

debt and its cost, whilst the most relevant 

variables in component 3 (sales growth, ROA, 

value added per employee, productivity and 

dividend policy) were those variables related to 

companies’ economic performance and 

productivity. In component 4, variables of 

different nature appeared (industry growth and 

wages), but the most relevant was the growth of 

the industry that can be considered a proxy of 

business opportunities in a certain sector. 

Finally, in component 5, the variable with the 

greatest weight was companies' age, which can 

be considered a proxy of experience but also of 

financial restrictions, as we have indicated. 

 

 

 To maintain the explanatory power, we 

eliminated six variables, as the same information 

was also provided by other variables:  

 

‒ Number of employees and sales level were 

removed since we kept the total assets 

variable as a measure of the company’s 

size. 

‒ The current assets variable was eliminated 

due to the breakdown of liquid assets and 

stocks. 

‒ Tangible fixed assets variable was 

eliminated since the investment made in 

non-current assets was included. 

‒ Total liabilities were removed as we 

included the short- and long-term 

liabilities. 

‒ Earnings before interest and taxes variable 

was also eliminated as ROA, on one hand, 

and the cash flow, on the other, were 

included. 

 

Thus, PCA allowed us to reduce the 

original number of variables to 21 (Table 3) and 

to perform the classification with a reasonable 

number of factors. We checked in PCA that the 

five initial factors with eigenvalues greater than 

1 or near 1, continued to explain about 71% of 

the variance, which is an acceptable figure. 

 
Variable Definition 

Control Variables  

Industry_growth Industry: Firm’s three-

digit SIC industry 

sales growth 

(Sales t -sales t-1)/ 

sales t-1 

Years.  Age of the firm: 

number of years since 

the firm was founded 

Total_assests Total assets (firm’s 

size)  

 

Solvency and Liquidity variables  

Cashflow Operating cash flow 

cash_stock Cash 

total_stock Stocks 

WC_CA  working capital 

CAPEX Capital Expenditures: 

exact amount of 

money the firm in a 

specific year has spent 

to purchase new fixed 

assets (proxy) 

long-term debt long-term debt 

Sh_Liab short-term deb 

Financ_Debt Financial debt: the loans 

with the banks (short-

term and long term) and 

the issue of bonds. In case 

there is no information of 

the bonds issues, just the 

bank loans are 

considered. 
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Dividend_policy Dividend policy 

indicator: Dummy 

variable that takes 0 in 

case of not dividend 

policy; or 1 if there is 

dividend policy. 

Interest_payment Payments of interests: 

This is a proxy of 

annual accrual based 

interest expense. 

Retained_earnings Retained earnings: 

This is the maximum 

amount of resources 

that a firm can devote 

to self-financing  

Equity Shareholders' funds 

Variables related to profitability 

and growth 

 

Sales_growth Sales growth: (Sales t -

sales t-3)/ sales t-3 

ROA Profitability: Return 

On Assets 

Net_income  

Val_added  Value added per 

employee. It is 

calculated in the 

following way:  sales + 

other operating 

revenues-cost of goods 

sold -operating 

expenses (without 

amortization). This 

result is divided by the 

number of employees 

Wage Wage level 

Productivy Value added. It is 

calculated in the 

following way:  sales + 

other operating 

revenues - cost of 

goods sold-operating 

expenses (without 

amortization). This 

result is divided by the 

wage 

 
Table 3 Definition of independent variables 

Source: Own Elaboration 

 

As we can see, the list of independent 

variables used to classify successful and 

unsuccessful companies covered most of the 

elements of the most common indexes such as 

Kaplan-Zingales, Whited-Wu and Musso-

Schiavo. Additionally, in our model we also 

intend to encompass several dimensions, not 

only the financial profile (that is, the financial 

capacities reflected in the capital structure) of 

the company but also of the economic one (that 

is, the profitability, business growth and 

productivity that are indirect indicators of the 

financial constraints).  

 

 

 

 

Thus, we refer to several components of 

the long-term solvency of the company, 

liquidity, the company's ability to generate 

profitability and business opportunities and 

growth, efficiency and productivity as well as 

characteristics of the workforce. Liquidity and 

solvency refer to the ability of a company to pay 

its short-term obligations, and generate liquidity 

quickly, as well as the ability to meet its long-

term financial obligations. 

 

Normally, financial constraints have been 

assessed in terms of restricted access to external 

funds or low productivity for generating internal 

resources (Kiendrebeogo and Minea, 2016). 

However, as it has been pointed out by Bellone 

et al. (2010), there is no clear relationship 

between liquidity, leverage and financial 

restrictions as companies can have enough 

liquidity, but nevertheless, present a complicated 

financial situation or have a lot of liquidity 

because they cannot access external resources. 

Almeida et al. (2004) also pointed out that 

companies with limited financial resources 

normally accumulate cash, and therefore, 

liquidity is associated with financial constraints. 

The same happens with bankruptcy that could be 

a sign of limited access to external resources. 

Also, on the other hand, the payment of 

dividends has been related to companies with 

lower financial restrictions than those that do not 

pay dividends (Fazzari et al., 1988). 

 

 In terms of efficiency, we intend to 

measure the capacity to produce profitably and 

how efficiently a company uses its resources. In 

terms of profitability, we refer to the ability to 

generate profits. Regarding the variable wages, 

it expresses the variations between companies in 

terms of qualifications (Wagner 2012), but also 

the differences in production costs (Stiebale 

2011). Consequently, salaries are negatively 

correlated with firms’ competitiveness and this 

fact penalizes the participation of companies in 

international markets. However, higher salary 

levels can reflect workers’ higher qualification, 

so this can also have a positive effect on export 

success. 

 

Finally, other variables that have appeared 

in the previous models and that have been 

considered as relevant, were added as control 

variables. These variables are the age and the 

size of the company. Size and age are associated 

with the probability of exporting but also with 

companies that are less financially constrained 

(Hadlock and Pierce, 2010). 
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Research Methodology 
 

Nowadays the complexity of financial problems 

requires a new approach to tackle them. In this 

new context, new techniques have appeared, 

among them the so-called Data Mining (DM) 

techniques. DM techniques are algorithms that 

can deduce relationships among different 

attributes, variables or concepts to help in the 

decision-making process, among other 

questions. DM can be defined as the analysis of 

data sets observed to find unsuspected 

relationships and to summarize the data in a new 

form that can be useful and understandable 

(Hand et al. 2001). Data mining techniques have 

proliferated in several fields such as finances, 

industry, commerce, telecommunications and 

services and, even in medicine. As we can see, 

all these sectors require advanced techniques to 

obtain useful information due to the huge 

amount of data that they frequently manage. In 

fact, the final objective consists in “turning data 

into knowledge”. 

 

Data mining techniques can be divided 

into two groups: statistical techniques and 

methods that belong to Artificial Intelligence 

(AI). The techniques that solve problems using 

artificial intelligence are called Soft-computing 

techniques. Consequently, in recent years, 

together with statistical techniques (discriminant 

analysis, logit or probit), there is a new approach 

to tackle with many problems, the financial ones 

among them, based on soft computing 

techniques. AI tools are very useful. In some 

cases, they are complements, and even an 

alternative to the statistical methods as they 

overcome some of their problems when the 

variables do not satisfy the required statistical 

assumptions (Korol, 2013). In any case, they can 

give a new approach to the financial problems 

that are dealt with these new methodologies. 

 

Once the use of artificial intelligence 

methods has been justified in general, it would 

be desired to choose a criterion to select the most 

suitable one to solve our problem. Sometimes, 

the utility of the knowledge generated by the 

data mining techniques is directly related to the 

understanding of the obtained model. Some of 

them are explicative methods: the obtained 

model is directly understandable by the final 

users, even if they are not experts in the method 

(rule induction algorithms and decision trees).  

 

 

 

Others follow a “black box” approach: the 

knowledge that they generate is not directly 

understandable or easy to analyze by the final 

users (it is implicit), such as in neural networks 

or support vector machines. Due to the 

characteristics of the considered problem and the 

fact that, normally, its final user is not an expert 

in data mining techniques, it is important that the 

obtained model must be understandable. So, 

explicative artificial intelligence techniques will 

be used to identify the role of financial variables 

in export success, concretely, a rule induction 

algorithm.  

 

The rule induction algorithms developed 

their models in the form of logical sentences: if 

… conditions … then … decisions. If some 

conditions (ratios, attributes or variables) are 

satisfied then the firm belongs to a determined 

category (decisions). Consequently, the rules are 

understandable by the final user and the 

conclusions derived by the data are easily 

explainable. Each decision rule has a specific 

strength: the number of objects that satisfy the 

condition part of the rule and, this way, they 

belong to the class or category indicated by the 

rule.  

 

Next, a brief description of the 

methodology is presented. PART algorithm 

(developed by Frank and Witten, 1998) has been 

defined as a rule-learning algorithm based on 

partial decision trees algorithm that eliminates 

some of the paths found in an initial decision tree 

structure. Therefore, we could state that it 

“combines” a decision tree and a rule learning 

algorithm. In short, PART aims at the most 

general rule by choosing the leaf that covers the 

greatest number of instances. The combination 

of both strategies adds flexibility and speed to 

PART (for more details, see Frank and Witten, 

1998). Additionally, in our experience PART is 

more accurate and simple than other fast rule 

induction what makes it more suitable than 

others to the problem we are studying (Camacho 

et al., 2015; Muñoz-Izquierdo et al., 2019).  
 

Results and Discussion 

 

The final sample of 121 firms described by the 

21 dependent variables shown in Table 3 will be 

used to carry out our analysis. 
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Part Model 

 

The PART model has been developed using 

WEKA (data-mining package developed by 

Waikato University (Witten and Frank, 2005) 

and available at 

https://www.cs.waikato.ac.nz/ml/weka/). The 

percentage of correctly classified firms is 73% 

(cross-validation procedure), which allows us to 

interpret the rules. Figure 3 shows Part model 

rules.  

 

 
 
Figure 3 Part Decision List 

Source: Own Elaboration. The model can be read in the 

following way: Rule 1 “if the total stock is greater than 

145,327 and the working capital is greater than 888,075 

then the firm belongs to the success class. This rule is 

supported by 42 firms with three exceptions” and so on. 

 

Although the original number of variables 

is 21, the five rules only contain eight variables. 

Therefore, the rest could be considered as 

redundant. Focusing on these variables, in this 

model the relevant variables are those related to 

the liquidity of assets, showing that there is a 

positive relationship between export success and 

working capital requirements and stocks if these 

surpass levels that are not excessively high 

(considering the average values of these 

variables).  

 

This result suggests that considering that 

success in international markets is reflected in a 

greater export intensity and a growth in foreign 

sales, this success should be achieved by serving 

customers abroad adequately, which could force 

them to maintain a certain level of stocks as well 

as more investment in working capital (Wagner, 

2014). The second rule refers to the payment of 

interest for financial debt. The PART shows that 

if this variable is lower than the before-

mentioned level (see Figure 3), companies have 

difficulties in achieving success.  

This result means that although interest 

payment affects the liquidity of the company, if 

this payment is low, a company may experience 

difficulties of accessing external financing and, 

therefore, it may have financial restrictions. The 

third rule, like the previous one, does not present 

a great strength, but it relates three variables: 

age, interest payments and dividend policy, 

which draws a profile on financial restrictions. 

So, companies with a certain level of maturity 

(considering that the minimum is 19 and the 

maximum is 28 years) that can access external 

resources even if they do not pay dividends, can 

achieve success. 

 

In the same line, we find the fourth rule 

and fifth rule, in which we continue to link 

success to companies that do not have financial 

restrictions as they can generate sufficient 

resources with their own activity. These 

resources are represented by the payment of 

dividends and by having a certain level of capital 

or achieving a certain level of growth. 

 

The last rule indicates that the age itself 

can be an impediment to achieving success. 

Considering that the average age of the 

companies in the sample is 24 years and given 

the results of the previous rules, we found that 

age does not present a linear relationship with 

success. The more mature companies may not 

achieve success in international markets, and 

they can even exit from these markets. The 

resources of a company as well as its capabilities 

are determined by the pattern of its past behavior 

(Teece et al., 1997) that can create barriers and 

dependencies that can condition and limit the 

actions in the future. Thus, compared to older 

companies, the new ones are not subject to these 

procedures or traditions, which can be a stimulus 

to make decisions with greater freedom, take 

risks and adopt an entrepreneurial orientation 

that can lead to better results in foreign markets 

(Balabanis and Katsikea, 2003). 

 

Robustness 

 

To ensure the viability of our results, we have 

performed a robustness check with another 

artificial intelligence rule induction algorithm: 

rough set theory that has been used to solve other 

financial problems (Segovia-Vargas et al., 2015; 

Camacho-Miñano et al., 2015).  The rough set 

theory was firstly introduced by Pawlak (1991).  

 

 

 

 

PART decision list 

------------------ 

 

total_stock > 145327 AND 

WC_CA_SLiab > 888075: SUCESS (42.0/3.0) 

 

Interest_payment <= 1231: NO_SUCESS (12.0/1.0) 

 

years <= 24 AND 

Dividend_policy = 0 AND 

Interest_payment > 27157: SUCESS (10.0) 

 

years > 21 AND 

Retained_earnings <= 3156555 AND 

Dividend_policy = 1 AND 

equity > 842991: SUCESS (7.0) 

 

years > 21 AND 

Dividend_policy = 0 AND 

Sales_growth > -0.273: SUCESS (31.0/12.0) 
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It is a mathematical method that identifies 

dependencies among attributes and searches for 

association rules with them to solve a 

classification problem. Two relevant concepts in 

this methodology are the reduct and the core. 

The reduct is the minimal subset of attributes 

that provides the same classification as the set of 

all attributes. If there is more than one reduct, the 

intersection of all of them is the core and is the 

collection of the most relevant attributes in the 

table.  

 

The rough set model has been carried out 

using RSES (available at 

https://www.mimuw.edu.pl/~szczuka/rses/start.

html). The classification accuracy equaled 

76.1% (cross-validation procedure). This figure 

was quite similar to the one obtained by PART, 

so this evidence suggests that our results are 

robust. The Rough Set model was quite complex 

compared with PART and the core was empty, 

confirming that no single variable could explain 

the successful or unsuccessful model. However, 

focusing on the selected variables in the reducts, 

one of the most relevant variables was sales 

growth, that also appeared in the PART model, 

what would confirm the importance of this 

variable in the success in international markets. 

 

Conclusions  

 

The objective of this paper is to investigate the 

relationships between exporting success and 

financial constraints using several measures of 

financial constraints and other variables that 

affect profitability, business growth and 

productivity that can affect the ability to 

generate resources and, therefore, the access to 

financing. The incorporation of all these 

variables will allow us to determine a financial 

and economic profile of export behavior as 

completely as possible, given the complexity of 

the phenomenon and following the 

recommendations of previous investigations.  

 

For this purpose, we incorporated several 

variables to characterize the multiple dimensions 

of the phenomenon: the economic or investment 

structure of the company, the financial structure 

as well as some other aspects such as the 

company's growth measures, the efficiency and 

the profitability of the company (Lages 2000 and 

Lages et al. 2008). 

 

 

 

One of the lines of research that has been 

suggested to overcome some of these drawbacks 

has been the use of new techniques and 

methodologies based on the experimentation 

(Leonidou et al. 2010) and this is among the 

main contributions of this paper. We analyzed 

the export phenomenon with methods of 

artificial intelligence: in this case, by means of 

the rule induction algorithm PART, which 

allowed us to study the internationalization 

process from a more realistic, global and 

integrating approach and with more 

sophisticated quantitative analysis techniques.  

 

These methodologies have been gradually 

and successfully incorporated into the analysis 

of other economic and financial problems (Tay 

and Shen, 2002) and enable studying the export 

process from an unprecedented perspective not 

previously applied by other scholars. 

 

Thus, from the methodological 

perspective and given the results obtained with 

the PART algorithm, it can be concluded that 

this method was appropriate to carry out the 

descriptive analysis that allowed classifying 

exporting companies into successful and 

unsuccessful according to the attributes included 

in the research. These variables reflect the 

complex nature of the business decision-making 

process, especially in firms’ internationalization 

where there are many factors to consider. These 

factors can describe export behavior, on one 

hand, and, on the other hand, to relate the 

descriptions of exporting companies with 

decisions about their classification. 

 

Firstly, we will point out the most 

important results. From the economic point of 

view, we found that the way to international 

success (or failure) in general not only follows a 

path but can be also reached via different routes. 

Each of these possibilities will show a greater 

relevance of some characteristics over others 

and what is more important, the combination, 

adjustment or interrelation between these factors 

makes up each of the possible alternatives. Thus, 

with the results obtained in this research, we can 

point out that although there are more significant 

financial factors than others, none of them is 

clearly a key factor for all companies and 

situations.  
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Consequently, as it has been emphasized 

by Robertson and Chetty (2000, p. 214), 

following the contingency and strategic 

adjustment approach “there is no good or bad 

factor in relations to others, but each one of them 

can be more appropriate depending on the 

context in which they are used”. 

 

 We also showed that it is easier to identify 

the financial characteristics of successful 

exporters than companies classified as 

unsuccessful. The rules associated with class 1 

(success) have greater strength and coverage. It 

is very interesting to understand these 

relationships as they would help companies to 

correct certain actions and strategies and avoid 

failure (even exiting export markets) and, on the 

other hand, the stakeholders in export companies 

(investors, governments and financial 

institutions among others), could choose 

properly the actions and investments to be made. 

These results, therefore, show that although the 

road to success is more complex due to the 

variety of obtained rules, it is equally useful to 

know the decisions that can lead to failure in 

export activity. 

 

 Another important advantage of the 

method is its ability to discover knowledge. In 

our case, the common patterns of export success 

and failure reveal the direct or indirect 

relationships that may exist between the 

variables, but also provide in a concrete and 

specific manner (the way and the value that these 

variables must take) that classification occurs in 

one of the classes: success or failure. This is 

important because it obtains a high degree of 

detail and concreteness that can be used in 

subsequent investigations to perform partial 

analyses of certain variables and situations, and 

as it creates a true “recipe booklet” of how to 

achieve the desired export result. 

 

 In general, no decision rules contain just a 

single variable. Therefore, it is important to note 

that there is no condition or characteristic which 

automatically constitutes a sufficient condition 

for success. In other words, no single factor leads 

to success or failure. The use of own funds and 

the growth in total sales of the company are 

relevant since they appear frequently. The last 

result confirms the relationship between this 

variable and export behavior.  

 

 

 

 

 Therefore, past results can affect 

companies’ decisions and future actions and, 

moreover, the (dis)satisfaction with past results 

can cause changes in foreign activities to the 

extent that the perception of risk and the strategic 

orientation will also change. Previous results 

influence companies’ strategy and future 

exporting behavior. In addition, this fact is 

linked to the learning process as organizations 

incorporate experience into their actions in a 

way that will guide future behavior in relation to 

taking risks, innovation, and adaptation to the 

target market (Lages et al., 2008).  

 

 The most productive and growing 

companies are those that can afford the costs 

associated not only with foreign market entry, 

but also with export permanence. To the extent 

that exporting can be considered a market 

diversification strategy, it is linked to the idea 

that any strategic option requires resources. In 

future research, it would be interesting to explore 

this recursive process not sufficiently researched 

in the field of exports. 

 

 Similarly to other studies, this paper is not 

short of limitations. Our main limitation has 

been the sample size, as it was reduced to 

analyze the maximum number of variables 

suggested by the literature review. It was 

impossible to get all the relevant variables for all 

the firms. Consequently, larger samples should 

be studied in the future. Finally, our results have 

practical implications for managers and 

economic policy makers.  

 

 Companies should follow a path of growth 

and profitability and use internal and external 

financing (if it is accessible and available) to 

increase their export intensity, since it allows 

developing a sustainable export strategy. The 

availability of these financial resources allows 

companies to finance the investments required 

for export. 
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