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Focus, Goal and Scope  
Croatian Review of Economic, Business and Social Statistics (CREBSS) is a scientific journal 

published by the Croatian Statistical Association (CSA) in two issues per year, available in printed 

(print ISSN 1849-8531) and electronic (online ISSN 2459-5616) versions. The online version is 

available at the publisher De Gruyter Open website: https://www.degruyter.com/view/j/crebss. 

 

Why subscribe and read 
Croatian Review of Economic, Business and Social Statistics (CREBSS) is a scientific journal that 

promotes both, statistical science and profession, theory and applications. It focuses 

statistical methods developed and applied in economy, business processes and social 

sciences in a very broad meaning. It targets a very wide audience of statisticians, whether 

they are scientists, professionals, educators or students, influencing modern economy, 

business and society. 

Why submit 
The CREBSS journal is a good opportunity for publication of research focusing either on 

statistical theory or on statistical methods applications in economics, business and social 

issues. Areas such as finance and commerce, management, marketing, and also in 

agriculture, industry, construction, engineering, demography, psychology, sociology, law, 

politics, opinion polling, government, education, biomedical and physical sciences, health 

and medicine, pharmaceutics, kinesiology, ecology, environment, tourism, sports, leisure, ICT 

and quality issues are welcome. Statistical data collection, processing, compilation, 

dissemination, and data exploration and analysis, with organizations, regions, countries, or 

persons as possible units or levels of the analysis, all might be of interest. Since any interesting 

topic and applications of statistics are welcome, there are no restrictions to subject matters. 

Papers emphasising current concerns regarding statistical theory and challenging applied 

problems in multi- and cross-discipline issues (such as computational statistics, data mining 

and pattern recognition, simulation modelling, or related to optimization, mathematical 

programming, etc.), resulting with new statistical approaches are of special interest. It is 

expected that papers are methodologically well sounded, and that real life problems are 

treated, showing novel solutions. 

Our policy is to give feedback to authors as fast as possible. After receiving the paper that is 

prepared according to Author instructions, editorial board will inform the author on 

appropriateness of the paper to the journal within two weeks. The first reviews will be 

delivered within two months, as the latest. Reviews provided are thorough and give to 

author/s clear directions on how to improve the paper. 

Description 
The goal of the CREBSS journal is to demonstrate how statistical science, research design and 

analysis methods play important roles in economy, business and society. The journal targets 

the current issues regarding the official statistics data production, and discusses the broad 

variety of applied statistical problems that might be outcomes of scientific survey research 

design, experimental design or observational study in economy, business and for different 

social issues, respecting the overall turbulent influences caused by the modern ICT and 

software development. 

In this respect, the CREBSS journal fosters the exchange of ideas, experience and knowledge 

among statisticians. 

Papers submitted for publication should be original theoretical, practical and applied 

papers. The journal also publishes case studies describing innovative applications and critical 

reviews of statistical theory. 

The anonymous double-blind peer review by the two independent reviewers to all the papers 

is applied. 
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Abstract  
Recent developments in the field of information and communication technologies 

(ICTs) have created new opportunities for enhancing both the operations and 

competitiveness within the banking sector. The application of contemporary ICT-

based solutions has resulted in significant changes in the traditional banking business, 

through the involvement of brand new approaches in the process of distribution of 

banking products and services to customers. As a part of the services offered by any 

modern bank, e-banking has become a synonym for an efficient system aimed at 

delivering traditional banking services through electronic communications channels, 

available to anybody, anywhere and anytime. The goal of the paper is to perform 

an empirical analysis of the current situation regarding the level of customer usage 

and satisfaction with e-banking services in the Republic of Macedonia. The study will 

enable us to determine which variables affect the level of adoption and satisfaction 

with е-banking services. The study is fully based on the statistical data analysis of the 

responses gathered from a representative sample of e-banking customers. 
 

Keywords: customer loyalty, customer satisfaction, e-banking, m-banking, statistical 

analysis. 
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Introduction   
The rapid development and application of information and communication 

technologies (ICTs), especially the vast proliferation of Internet and Web 2.0 

paradigm in the recent years, have profoundly transformed the traditional ways of 

doing business in the banking sector. Bank institutions have significantly enriched their 
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offerings with brand new products and services, being highly customized to meet the 

needs of their customers. In this context, Hadžić (2015) shares the findings of other 

authors, pointing out the fact that banking institutions, which have succeeded in 

adjusting themselves to the needs of their customers in a prompt and an adequate 

way, are the most successful ones. They have to focus their attention on the changes 

that continually occur in the contemporary business surrounding as well as to 

introduce new and innovative processes, products, and services on a regular basis, 

in order to manage those changes on time and in an effective manner (Zagorac, 

2014). Similarly, Rončević (2006), while making a comparison between the traditional 

and the contemporary banking, has stated out that the later one is being 

characterized by dynamic development and application of new strategies, oriented 

strictly towards the clients. This behaviour is entirely opposite to the philosophy of the 

traditional banking, where bank institutions have been oriented mainly towards 

themselves. In fact, the rise of electronic banking (e-banking) is a direct 

consequence of the ICTs utilizations, which have intensely altered the ways of 

communication and distribution of banking services towards clients. According to 

Alam, Musa and Hasan (2009), traditional bank institutions seek to lower their 

operating costs, improve the delivery of banking services for customers, and retain 

customers on a long run by offering Internet banking services.  

This study focuses on the assessment of electronic banking services’ adoption and 

the valuation of satisfaction with individual customers in the Republic of Macedonia. 

By examining the current situation in the country concerning the perceived levels of 

customer usage and satisfaction with e-banking services, the paper aims to 

determine which variables affect the usage of e-banking services at most as well as 

whether there is a mutual relationship between the perceived levels of satisfaction 

vis-à-vise-banking services and customers’ loyalty.  

The research methodology consists of combination of different methodology 

aspects that are based on: 

 content analysis of various research papers that are dealing with e-banking 

issue; 

 empirical research fulfilled by questionnaire that would cover 409 examinees 

from the towns in Republic of Macedonia selected by random sampling plan;  

 descriptive statistics from the aspect of structure analysis and suitable graphical 

presentation of data;  

 implementation of suitable statistical conclusion making or precisely, testing of 

set hypothesis, which would be completed with suitable software backup and 

using the contingency test ( ).   

As a result from our research, there are recommendations for banks on the way 

how to increase conscience and usage at their clients for usefulness from using 

mobile banking in the part Conclusion and Recommendations.  

Our research and results make a significant contribution to the existing literature 

on electronic banking in the country, since there are no many empirical studies that 

examine this substance in a profound and consistent manner. As such, this research 

will enrich the existing literature in the field of e-banking in the Republic of 

Macedonia. To the best of our knowledge, only Bucevska (2012) have carried out a 

similar research on the factors affecting the adoption of electronic banking services 

in a single Macedonian bank – “Komercijalna Banka” AD Skopje. Their results 

indicated that adoption and usage of e-banking services depend mostly of 

customers’ age and their level of education. On the other hand, our study is based 

on a more profound research that takes into account all 14 banking institutions that 

currently exist in the Republic of Macedonia. Besides the theoretical contribution, our 

2
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study will significantly enrich the knowledge of banking managers and information 

system developers, to understand what kind of changes should be made in order to 

increase the customers’ adoption and satisfaction level of e-banking services in the 

future. 

The rest of the research is structured as follows. The literature review is presented in 

the second section, which focuses on: the understanding of the results of the 

implementation of information and communication technology in the banking 

sector; the meaning of e-banking services; the factors affecting the level of e-

banking adoption, as well as the consumer satisfaction and loyalty in developing 

countries. Section three presents the research design, the methodology applied and 

the working hypothesis. The results of the data analysis are presented within the 

fourth section of the paper, alongside a discussion about the empirical findings. Last 

section of the paper presents the conclusion and recommendation of the study. 

 

Literature Review 
Many researchers and practitioners point out the services’ quality as an essential tool 

that differentiates companies from their competition (Karim, Chowdhury, 2014). The 

quality of services is a result of the comparison between the clients’ expectations 

and their perceptions (Gronroos, 1984). Delivering a quality service means adjusting 

to customers’ expectations on a permanent basis (Parasurman, Zeithaml, Berry, 

1985). 

Globalization, deregulation and financial innovations have all a significant impact 

on increasing the competitive levels in the banking sector. Therefore, banking 

institutions have to pay a great attention to the improvement of the quality of their 

services, which is a key premise to their better positioning on the market (Radojević, 

Marjanović, 2011). The quality of banking services along with the clients’ satisfaction 

and loyalty are both significant determinants that underlay the success in modern 

banking (Islam, Ali, 2011). 

Nowadays, legal banking institutions are facing an increasing competition caused 

by non-banking firms that offer a diversity of financial services. The concurrency is 

manifested in the domain of price formation, but also regarding the types and 

quality of financial products and services. In such adverse business environment, 

banking institutions have coped with the challenge of finding out novel distribution 

and communication channels to their clients as well as developing new and 

innovative products and services (Poposka, 2008).  

Since the banking sector is a service-oriented business, the appliance of 

contemporary technologies is necessary to improve the quality of services (Karim, 

Chowdhury, 2014). Actually, the development and application of the state-of-the-art 

information and communication technologies (ICTs) have enabled the banking 

institutions to create sophisticated products and to raise the quality of their services 

on a much higher level. Rončević (2006) points out that the application of such new 

technologies results in many benefits for banking institutions, including the following 

ones: reduction of costs, increasing the market share, better communication with the 

clients as well as development of new products and services. 

One of the most evident results that arise from the direct appliance of the ICTs in 

banking sector is the development and proliferation of e-banking. There is a plethora 

of definitions about what actually means the term ‘e-banking’. To name a few, 

Srivastava (2007) defines e-banking as a system which allows the customers to 

access their banking accounts and get information about banking products and 

services over the Internet. According to Drigă and Isac (2014), e-banking means 

automatic submission of both traditional and new banking products to clients via 



  

 

 

4 

Croatian Review of Economic, Business and Social Statistics (CREBSS) 

UDK: 33;519,2; DOI: 10.1515/crebss; ISSN 1849-8531 (Print); ISSN 2459-5616 (Online) 

 

 

Vol. 4, No. 1, 2018, pp. 1-13 

 

electronic ways. Fullenkamp and Nsouli (2004) define e-banking as a usage of 

methods for delivering the traditional banking services, using any payment media. 

E-banking is a service that can be accomplished using specific communication 

instruments, according to which it can be divided into phone banking, mobile 

banking, home banking, Internet banking and mail banking (Chovanova, 2006). 

Alternatively, according to DrigăandIsac (2014), e-banking includes the following 

types of services: home banking, PC banking, mobile banking and Internet banking. 

Kovačević and Đurović (2014) point to the need to distinguish between the terms 

‘online banking’ and ‘Internet banking’. Namely, the case when the clients connect 

to their bank directly, using dedicated software in order to carry out their banking 

transactions, is called ‘online banking’. On the other hand, the advantage of 

Internet banking is that there is no need for installing and using dedicated banking 

software i.e. all that the customer needs is an Internet access. Thus, the client can 

perform the banking transactions from anywhere and anytime, as opposed with 

online banking, where customers can access their bank accounts only by using their 

personal computers with preinstalled software. It is also worthy to mention that with 

Internet banking, the transactions data are not kept on the users’ personal 

computers, but instead on servers in the banks, which implies a significantly higher 

levels of protection and safety vis-à-vis the potential misuse of customers data. 

Several years ago, the clients have to go into the banking branches or city - 

branches in order to perform any financial transactions i.e. to satisfy their needs. 

Nowadays, the situation has changed dramatically. The number of clients, both 

persons and companies that have adopted e-banking as an ultimate way of 

managing their financial obligations is growing continually. 

Poposka (2008) elaborates that Macedonian banks offer the following e-banking 

products and services: conventional e-services, electronic products (debit/credit 

cards, e-trading), and contemporary electronic services (Internet banking and online 

investing). 

The analysis of current academic research shows that different factors affect the 

adoption of e-banking in different countries, depending on their economic, social, 

and cultural development. Specifically, many researchers emphasize that the 

customers’ perceived level of usefulness, simplicity, effectiveness and speed of 

performing e-banking operations are the most often mentioned factors that affect 

the usage rate of e-banking services (Delafrooz et al., 2013). Alternatively, 

Montazemi and Saremi (2013) argue that the trust itself is the primary factor that 

affects clients’ decision to use the Internet banking. According to Suki (2010), among 

the most prominent primary factors are the perceived perception, complexity, and 

hedonic-oriented features of banks’ Internet webpages. In addition, the results of a 

study conducted by Kumbhar (2011) vis-à-vis the most important factors affecting 

customers’ satisfaction in e-banking are as follows: brand perception, perceived 

value, cost effectiveness, easiness of usage, and convenience. Moreover, Australian 

banks that provide user-friendly interface, website reliability, transactional 

capabilities, and activities that foster customers’ education about online risks are 

more successful in the area of e-banking (Poder, 2005). 

Previous research conducted in the area of e-banking may help in structuring the 

recommendations about what exactly Macedonian banking institutions have to 

undertake in order to increase the application of e-banking services and their 

customers’ satisfaction regarding e-banking services they offer. The implementation 

of such recommendations in practice will allow banking institutions to gain their trust 

with their clients on a long run, but also it will let them strengthen or improve their 

concurrent position in the contemporary business surrounding. Mia, Rahman and 
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Debnath (2007) give recommendations about what the banking institutions can do 

in order to increase the usage of e-banking services. 

Banking institutions have to develop novel marketing strategies to inform their 

clients about the benefits of using e-banking services as well as to offer training for 

certain categories of clients. Such marketing strategies should be focused on 

increasing clients’ awareness about the positive effects of using e-banking services, 

which will stimulate the demand for their electronic services (Muslime, Ramadhan, 

2011). In addition, they have to enhance their existing products and services 

continually, besides the inclusion of a brand new creative, yet innovative products 

and services. 

Among the others, the user-friendly interface, the website design, and the safety 

of financial transactions are considered the most prominent factors that have a 

great influence on the usage of e-banking services and the customers’ satisfaction. 

The customer loyalty towards any production- or service-oriented company 

depends on most of the quality of products and/or services they use. Oliver has 

described the notion of loyalty as “a deeply held commitment to rebuy a preferred 

product/service consistently in the future” (Dickinson, 2014). In the same way, the 

loyalty of banking clients depends proportionally on their satisfaction vis-à-vis the 

quality of the banking services delivered by their banking institutions. One of the key 

goals that is always explicitly pointed out by banking management teams is their 

strong commitment towards gaining their clients’ loyalty on a long run. Banking 

managers are aware of the fact that their clients are quite well informed, and 

consequently, their expectations and needs are always more articulated, which, in 

fact, impose the need of continuous introduction of new products and services, and 

a continuous enhancement of the existing ones. In this context, it is known that the 

success of one of the most famous banks in the Republic of Macedonia, “Stopanska 

Banka” AD Skopje, is a direct consequence of their informing about their clients’ 

needs and demands on time, and the prompt creation of their products and 

services in a segmented manner (Petrovski, 2012).  

The implementation of e-banking services can gain exceptionally positive 

implications for both the banking institutions and their clients. Namely, it is a great 

opportunity for them to standardize the delivery of their services to customers, as well 

as to increase their profitability by reducing the services’ processing costs. At the 

same time, it significantly increases the chances of attracting more clients. From the 

clients’ perspective, the usage of e-banking services can considerably spend their 

money and reduce their expenses, since it allows them not only to access the 

financial services very easily, but also to manage their own finance assets on a 

credible and efficient manner, without any spatial and temporal limitations (Al-

Smadi, 2012). 

 

Research designs and methodology 
This part will provide the conceptual model for our study based on the literature 

review. Since the main objective of our paper is to identify and to determine which 

variables affect the level of adoption and satisfaction of e-banking service, the 

research concept of this study is shown in Figure 1. 
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Figure 1 The research concept of the study 

Source: Authors’ creation. 

 

On the basis of our model, the research attempts to answer the following 

questions: 

 Which factors affect the adoption of e-banking services in the Republic of 

Macedonia? 

 What is the level of customer adoption and satisfaction with e-banking in 

Macedonian banking sector? 

 Whether the high level of quality of e-banking services influence on customer  

 Loyalty and their bank selection? 

In order to accomplish successfully the defined research objective, the following 

plan of statistical research has been implemented: Identification of the primary 

sources of statistics about the usage of e-banking services in the Republic of 

Macedonia; Defining of the basic hypothesis as well as defining of the performed 

individual hypotheses; Generating questions in the Survey; Designing plans of the 

sample and selection of appropriate sample class that will meet the requirements of 

objectivity, coincidence, representativeness and documentation support; 

Distribution of the Survey electronically through the Internet, and face to face 

interviewing of the predetermined sample; Design and development of a database 

of Surveys and processing of statistical data with the Statistical Package for the 

Social Sciences (SPSS); Obtaining information from statistical analysis and statistical 

conclusion on the data from the survey, based on which the relevant factors that 

affect the use of E banking services in the Republic of Macedonia are identified. 

The research instrument used in the study is an interview questionnaire, which 

contains 24 questions classified into three sections as: 

I. General Information;  

II. Data on Usage of Electronic Banking Services; and  

III. The Level of Satisfaction and Loyalty of Bank Customers.  

 The data was obtained by sending the interview questions through an email and 

through face-to-face interview of 409 individual clients of all Macedonian 

commercial banks chosen by random sampling plan. The survey was conducted in 

the period from February to April 2016.  

The first seven questions in the questionnaire refer to general characteristics of 

examinees (gender and age structure, place of residence, level of education, 

employment status, monthly income of household and level of computer knowledge 
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and skills). The second group of questions (9) requires data on the bank choice, 

internet access to bank account, familiarity with e-banking and mobile banking, 

modalities and frequency in using electronic bank services as well as reasons for 

using those i.e. not using electronic services and significance of those bank services. 

The third group of questions is conceptualized to obtain data on satisfaction and 

loyalty of bank clients and based on those 8 questions are defined and they refer to 

using and problems with ATM machines, banks’ web pages, mobile and e-banking 

as well as satisfaction and loyalty to banks from the aspect of realized electronic 

bank services.  

Collected data from the on-line survey realized via internet are gathered in 

statistical data base in the Statistical Package for the Social Sciences (SPSS). Suitable 

statistical methods and techniques are used for processing data from that data 

base. Namely, descriptive statistics from the aspect of structure analysis and suitable 

tabular presentation of the data is used. Also, in the survey research suitable and 

significant estimation of the results’ safety is defined i.e. a risk of 5% or safety rate of 

95% in statistical conclusion. That implies implementation of suitable statistical 

conclusion or precisely, testing of set hypothesis, which would be implemented with 

suitable software support and using test of contingency ( ). 

Based on objective, research questions and the conceptual model the research 

hypothesis of the study are: 

 H1: There is a significant relationship between the use of e-banking services and 

the level of customer satisfaction of their banks. 

 H0: Customer satisfaction does not depend on quality and offer of e-banking 

services. 

 HA: Customer satisfaction depends on quality and offer of e-banking services. 

On the basis of the previously defined basic hypothesis, the following specific 

hypotheses can be defined: 

 H2: Computer knowledge and skills affect the level of using banking services in 

the Macedonian banking sector.  

 H3: The level of consumer satisfaction with e-banking does not depends on the 

criteria for bank selection.  

 H4: The level of consumer satisfaction with e-banking services does not depend 

on the reasons for using various e-banking services.  

 H5: The dissatisfaction with the e-banking services does not depends of the non-

using of various E banking services.  

 

Results and findings 
Table 1 describes the demographic profile of the participants, which consists of 

gender, age, level of education, income level, working status and computer and 

Internet knowledge and skills.  

Data show that of 409 interviewers, 71.4% have access to their checking account 

via internet and 28.6% do not have an electronic access. Electronic access to 

checking account of clients depends on age structure, level of acquired education, 

total monthly income in the family and level of computer knowledge and skills. 

Replies to the questions: “Are you familiar with m-banking?” and “Are you familiar 

with e-banking?”are the key for identifying the level of clients’ being informed on 

possibility for using e-banking services from their banks. If we make a comparison 

between the data of the previous two questions, we can come to a conclusion that 

27.1% of the examinees know about, but are unable to use mobile banking; and 

33.5% are not familiar with the mobile banking as a service that Macedonian banks 

2
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offer. These percents are smaller with the other question i.e. 14.9% of examinees 

replied that they know about electronic banking services, but they cannot use them; 

9.3% replied that they are not familiar with this kind of bank service.  

 

Table 1Structure of respondents according to different variables  
Demographic variable Demographic characteristic Structure (in %) 

Gender 
Male 44.50 

Female 55.50 

Age 

18-24 years 13.20 

25-30 years 22.25 

31-40 years 34.47 

41-50 years 19.32 

51-60 years and above 3.91 

Level of education 

Primary education 0.24 

High school 21.76 

Higher education 3.67 

University degree 50.61 

Master degree 14.67 

Ph.D. in Science 9.05 

Income level 

Up to 10.000 denars 7.27 

10.000 – 20.000 denars 11.78 

20.000 – 30.000 denars 24.31 

30.000 – 50.000 denars 30.58 

Above 50.000 denars 26.07 

Working status 

State company 39.12 

Private company 10.51 

Unemployed 8.07 

Unemployed students 3.67 

Retirees 3.67 

Computer and Internet 

knowledge and skills 

None 2.23 

Beginner level 3.71 

Average level 49.75 

Advanced level 35.89 

An expert 3.71 

Note: 1 euro = 61.7 denars  

Source: Adopted from Lichtenstein and Williamson (2006).  

 

A total of 329 examinees who use electronic banking, 62.3% replied that the use of 

electronic banking has a great importance for their banking services and only 13.1% 

think that using electronic banking is not significant.  

The percentage of users who are prepared to regularly make payment via 

internet is not on a satisfactory level and it is 11.5%. 25.9% from the examinees or 

every fourth examinee make a review on their checking account status via info 

terminals; 34.5% of examinees are informed on their account status via SMS message; 

and, their 42.8% of examinees receive monthly reports for the status of their credit 

card via e-mail.  

Out of 292 examinees who use e-banking services, 88.4% are satisfied with 

electronic banking services, 8.2% do not know and only 3.4% are not satisfied with 

electronic banking services offered by the bank. 82.5% of the examinees who use e-

banking services would recommend their bank due to satisfaction from offered 

electronic banking services; 14.4% do not know; and only 3.1% of the examinees who 

use electronic banking services would not recommend it. Also, 87% of examinees, 

users of electronic banking services, do not think of changing the bank due to 
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dissatisfaction with electronic banking services offered by the bank; 11% do not 

know; and only 2.1% of examinees, users of electronic banking services, are 

dissatisfied from the offer of e-banking services and seriously reconsider changing the 

bank. These analyses may lead to a conclusion that most of the examinees are 

mainly satisfied by electronic services of their banks as well as the fact that using or 

not using of these services does not affect their decision for choosing a bank they will 

cooperate with. 

 

Hypothesis testing  
In order to accomplish the research goal and answer the research questions several 

hypothesis were tested in this study. We used a statistical software program 

(Statistical Package for Social Science (SPSS)) to test a set of hypothesis, which would 

be completed with suitable software backup and using the contingency test ( ). 

Along we provide some of the results of the tested hypothesis.  

 

Hypothesis referring to the frequent use of various modalities of banking services and 

the level of computer knowledge and skills. 

Basic Hypothesis: Frequent use of the various modalities of banking services does not 

depends on the level of computer knowledge and skills of the respondents.  

 

Table 2 Results of tested hypothesis referring to the frequent use of various modalities 

of banking services and the level of computer knowledge and skills 

Hypothesis 

Statistics 

(calculated value) 

of Chi-Square Tests 

df 

Theoretical (table) 

value of the Chi-

Square 

Asymp. Sig. 

(2-sided) 

Statistical conclusion 

(acceptance or 

rejection of the 

hypothesis) 

Hypothesis 1 18.604 16 26.2962 0.290 Accepted 

Hypothesis 2 32.275 20 31.4104 0.040 Not accepted 

Hypothesis 3 12.311 16 26.2962 0.722 Accepted 

Hypothesis 4 35.505 20 31.4104 0.030 Not accepted 

Hypothesis 5 41.936 16 26.2962 0.000 Not accepted 

Hypothesis 6 57.370 20 31.4104 0.000 Not accepted 

Hypothesis 7 56.866 20 31.4104 0.000 Not accepted 

Hypothesis 8 23.111 20 31.4104 0.283 Accepted 

Source: Authors’ creation. 

 

From the data given in the table 2 following statistical conclusion can be drawn: 

 The frequent use of the notification for the current account balance by SMS, info 

terminals, and counter services does not depends on the respondents’ level of 

acquired education.  

 The frequent use of the: m-banking, monthly statements for the credit card by 

email, ATM, electronic payment via Internet and status check of debit/credit 

cards over the Internet does depends from the respondents’ level of acquired 

education.  

 

Hypothesis referring to the level of consumer satisfaction with e-banking services and 

criteria for bank selection.  

Basic Hypothesis: The level of consumer satisfaction with e-banking does not 

depends on the criteria for bank selection.  
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Table 3 Results from tested hypothesis referring to the level of consumer satisfaction 

with e-banking services and criteria for bank selection 

Hypothesis 

Statistics 

(calculated 

value) of Chi-

Square Tests 

df 

Theoretical 

(table) value of 

the Chi-Square 

Asymp. Sig. 

(2-sided) 

Statistical 

conclusion 

(acceptance or 

rejection of the 

hypothesis) 

Hypothesis 1 4.934 2 5.99147 0.085 Accepted 

Hypothesis 2 7.796 2 5.99147 0.020 Not accepted 

Hypothesis 3 0.525 2 5.99147 0.769 Accepted 

Hypothesis 4 1.166 2 5.99147 0.558 Accepted 

Hypothesis 5 0.072 2 5.99147 0.964 Accepted 

Source: Authors’ creation. 

 

From the data given in the table 3 following statistical conclusion can be drawn: 

 The level of the client satisfaction with e-banking services does not depend on 

the: banking services and products quality, confidence, safety and on the 

employees’ attitude.  

 The level of the client satisfaction with e-banking services does depend on the 

offer of the banking services (e-banking, m-banking ATMs, info terminals …). The 

satisfaction from e-banking services depends on the offer of electronic services 

by the bank (e-banking, mobile banking, ATMs, into-terminals …).  

 

Hypothesis referring to the level of satisfaction and reasons for using various e-

banking services. 

Basic Hypothesis: The level of consumer satisfaction with e-banking services does not 

depend on the reasons for using various e-banking services.  

 

Table 4 Results from tested hypothesis referring to the level of satisfaction with e-

banking services and reasons for using various e-banking services 

Hypothesis 

Statistics 

(calculated 

value) of Chi-

Square Tests 

df 

Theoretical 

(table) value of 

the Chi-Square 

Asymp. Sig.  

(2-sided) 

Statistical 

conclusion 

(acceptance or 

rejection of the 

hypothesis) 

Hypothesis 1 7.098 2 5.99147 0.028 Not accepted 

Hypothesis 2 9.193 2 5.99147 0.010 Not accepted 

Hypothesis 3 5.851 2 5.99147 0.054 Accepted 

Hypothesis 4 2.651 2 5.99147 0.266 Accepted 

Hypothesis 5 0.360 2 5.99147 0.835 Accepted 

Source: Authors’ creation. 

 

From the data given in the Table 4 following statistical conclusion can be drawn: 

 The level of satisfaction with e-banking services does not depend on the: saving 

time and money, controlling, monitoring and 24/7 access to the banking 

account as well as on the safety standards and confidentiality in the usage of 

various e-banking services.  

 The level of satisfaction with e-banking services does depend on the: quick and 

simple usage and performing of the banking transaction from any location.  

 

Hypothesis referring to the dissatisfaction with the e-banking services and the 

reasons for not using various e-banking services. 

Basic Hypothesis: The dissatisfaction with the e-banking services does not depends of 

the non-using of various E banking services.  
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Table 5 Results from tested hypotheses that refer to the dissatisfaction with the e-

banking services and the reasons for not using various e-banking services 

Hypothesis 

Statistics 

(calculated 

value) of Chi-

Square Tests 

df 

Theoretical 

(table) value of 

the Chi-Square 

Asymp. Sig.  

(2-sided) 

Statistical 

conclusion 

(acceptance or 

rejection of the 

hypothesis) 

Hypothesis 1 7.304 2 5.99147 0.026 Not accepted 

Hypothesis 2 1.879 2 5.99147 0.391 Accepted 

Hypothesis 3 16.502 2 5.99147 0.000 Not accepted 

Hypothesis 4 0.423 2 5.99147 0.809 Accepted 

Hypothesis 5 2.971 2 5.99147 0.226 Accepted 

Hypothesis 6 0.875 2 5.99147 0.646 Accepted 

Hypothesis 7 2.919 2 5.99147 0.232 Accepted 

Hypothesis 8 0.423 2 5.99147 0.809 Accepted 

Source: Authors’ creation. 

 

From the data given in the Table 5 following statistical conclusion can be drawn: 

 The dissatisfaction with the e-banking services does not depend on the: not-

user-friendly electronic banking software, feeling that the conversation with the 

banking officer is safer, fact that user account can be targeted by hackers, 

lack of sufficient clarity and/or control of the bank account and transactions, 

lack of knowledge of respondents on how to use a e-banking services and 

respondents’ habit. 

 The dissatisfaction with the e-banking services does depend on the lack of 

confidence in the electronic banking system and on the lack of respondents’ 

knowledge on how to use a computer and/or Internet.  

 

Conclusion  
In the era of information technology e-banking is being more actualized from the 

aspect of improving of banking services implementation in order to increase banks’ 

competitiveness. The level of e-banking services implementation differs in different 

countries. It depends on the level of social, economic and cultural development in 

the countries. Namely, in the developed economies, the e-banking implementation 

is on a very higher level compared to developing countries and underdeveloped 

countries. These differences underlie the different influences of the factors that are 

key to the modernization of banking services. 

This research study seeks to determine the factors that affect the customer’s 

satisfaction with e – banking services in the Republic of Macedonia. For this purpose, 

a conceptual model was developed, which included several factors such as: 

awareness, age, level of education, complexity, computer and internet knowledge 

and skills. These factors have a different level of impact on customer adoption and 

satisfaction from the e–banking services in Macedonian banking sector.  

Testing of research hypothesis aimed to answer the question related to factors 

that affect the level of e-banking services application in the Republic of Macedonia 

showed that the age of clients, the level of education and complexity of e-banking 

services usage have influence towards the level of adaptation by the clients. More 

specifically, elderly clients use e-banking services less compared to younger 

population. 

The level of e-banking services usage is significantly influenced by the higher level 

of education of clients compared to those with less education. In this context, clients 

who have computer knowledge and skills use these services more compared to 

those who fail to have this knowledge. 
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With testing the hypothesis that refer to the level of satisfaction of clients with 

electronic bank services, it can be concluded that it does not depend on the 

quality, trust, safety and employee behaviour, but it depends on these services offer 

diversity as well as from the fast and simple completion of transactions. These results 

show that offer diversity and fast performance of e-banking services depend on the 

level of satisfaction of bank’s clients, but not on their quality.  

Advancing current technology in bank working has positive effect both for the 

banks and their clients. Namely, it means cost decrease and reducing time for 

completing transactions both for the banks and their clients. Due to these, banks 

should focus on undertaking suitable activities for greater informing of clients on 

advantages on using e-banking services, on increasing service variety as well as for 

the benefits that clients receive.  

Because of the high level of competitiveness in bank sector, banks should 

continuously increase and improve its portfolio with new products and services, to 

advance the existing ones in order to retain and extend current users data. In order 

to accomplish this aim, it is essential that banks use segmented marketing strategies 

via direct communication with current and potential clients. In order to retain and 

increase its competitiveness advantage in variable business environment, it is 

necessary that the banks to be innovative, creative and identify their clients’ needs 

on time. Having this access only, they will succeed in being recognizable compared 

to their competition and offer more quality product and services that would be in 

accordance with variable needs and requests from clients.  
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Abstract 
The paper provides an overview of the trend in the concentration of the total assets 

of banks in Croatia for the period from 2007 to 2016 with the aim of analysing and 

presenting the changes that occurred in the system. Also, the paper shows the 

theoretical framework of the indicators used in the research as well as the 

comparison of their obtained values. The data used to calculate the total assets 

concentration are taken from the Croatian National Bank. The concentration indices 

used in the study include the entropy measure, the Theil entropy, the Gini coefficient, 

the Pietra index, the Atkinson index and the coefficient of variation. The results 

indicate a very slight decrease in concentration over the past several years, while 

the coefficient of variation points to the heterogeneity of the system, as well as to 

inequalities among the banks, which are most evident in the size of banks assets. 
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Introduction 
A decreasing trend in the number of banks, as well as the trend of a slight decrease 

in the total assets and profitability of the system characterize the Croatian banking 
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system over the last few years. What accounts for this trend is a significant decline in 

the number of banks as well as a series of mutual mergers and mergers of banks. 

According to the annual report of the Croatian National Bank (2017) on the 

reduction of the total assets of the banks, the trend has also been affected by the 

conversion of loans in Swiss francs into euro-denominated loans, as well as by the 

weakest credit activity of the system over the last few years. 

The paper provides an overview of the trends in the assets concentration of the 

Croatian banking system in the last ten years and presents and analyses the 

changes that occurred in the system itself. 

Since the banking system is subject to many structural changes, it is necessary to 

continuously monitor how it adapts to new conditions, which includes supervising the 

concentration of its assets. It is by means of different concentration measures that 

indicate the level of assets concentration in the system, i.e. the level of inequality 

and competition present in the market, may be revealed. 

 

Literature overview 
Jakovčević (2001) gives a historical overview of the ownership structure of the 

Croatian banking system and describes the entry of foreign banks in Croatia while 

Galac and Kraft (2001) research the effects of their entry. Low profitability of the 

banking system, i.e. mostly of small banks, is explored by Stojaović, Leko and Krišto 

(2016) while Šverko, Pavlović and Vukas (2012) present the problems of small banks 

which, due to a less profitable and “old-fashioned” manner of doing business, are 

prone to mergers and acquisitions. 

The concentration as well as inequality and diversification indicators are 

presented by Foldvary (2006), while Kraft (2007), also interested in this subject, links 

concentration and competition and concludes that the Croatian banking system is 

competitive and efficient. The subject of competitiveness and competition as well as 

the role of the Croatian National Bank in the monitoring of the concentration of the 

system is explored by Ružić (2006). In their paper, Stojanović and Krišto (2011) 

emphasise the importance of the supervision of the entire financial sector over the 

supervision of individual institutions. By introducing different macroprudential 

indicators and measures, early signals announcing possible changes and threats in 

the system may be recognised. Mandac and Krišto (2016) evidence the lower credit 

activity of the banks, mostly towards non-financial enterprises and citizens, after the 

financial crisis. In their paper, they elaborate on the process of decreasing liabilities 

towards majority shareholders, which has a negative impact on the profitability itself. 

Ljubaj (2005) also provides an overview of concentration indicators and underlines 

the concentration increase after two large mergers which took place in 2003. Tipurić, 

Kolaković and Dumičić (2002, 2003), Dumičić, Pavković and Akalović Antić (2012) as 

well as Palić, Dumičić and Čurković (2016) also provide an insight into this subject. 

In Tipurić, Kolaković and Dumičić (2003) basic evidence on the banking industry 

concentration in Croatia in the 1993-2002 period is shown. Industrial concentration is 

measured by typical (4-bank, 8-bank and 20-bank) concentration ratios, the 

Hirschman-Herfindahl index, entropy, the Lorenz curve, and the Gini coefficient. The 

research shows that the Croatian banking industry is relatively concentrated, 

showing an unbalanced oligopolic structure with two big market players, several 

medium-sized banks, and many small banks. The study has shown that merging and 

acquisition trends have been prevalent over the few last years. 

Dumičić, Čeh Časni and Čibarić (2008) compare the concentration in the 

banking industry in Bosnia and Herzegovina, Croatia, Serbia and Montenegro using 

eight measures, showing that the concentration of banking assets is the highest in 
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Croatia, followed by Bosnia and Hercegovina, while in Serbia and Montenegro 

concentration is moderate. 

In their paper Dumičić, Pavković and Akalović Antić (2012) deal with the 

measurement of concentration in banking by applying variables of the total assets 

as well as other variables that measure the total bank performance such as received 

deposits, time deposits, loans granted, interest and non-interest income, income 

after tax and equity in Croatia in the 2004 -2011 period. For the purpose of the study, 

the following indicators were used, such as various concentration ratios, the Lorenz 

curve, the Gini coefficient, the entropy indicator, and the Herfindahl-Hirschman's 

index. All calculated measures point to the trend of an increased concentration in 

banking in Croatia in the observed period. In addition to the most commonly 

analysed variables, such as the total assets, received deposits and loans, taking both 

interest and non-interest income and profit and capital into account results in an 

even higher degree of banking concentration in Croatia. 

In Palić, Dumičić and Čurković (2016) the concentration of the total assets of the 

banks in Croatia for the 2003-2014 period was analysed. A significant number of 

concentration indicators, the entropy index, the exponential index, the Herfindahl-

Hirschman index, the Gini coefficient, the Lorenz curve, different concentration 

ratios, the Hall-Tideman index, as well as the Rosenbluth index, show a slight increase 

in concentration of the banking system in Croatia from 2003 to 2014. 

In the analysis of the relationship between concentration and competition in the 

banking system of Bosnia and Herzegovina, Jović (2006) utilizes different indices for 

concentration measurement: concentration ratios K1, K3 and K5, Gini coefficients, 

entropy measure and Herfindahl – Hirschman's index. In the period 1999 – 2004, all 

concentration measures, except Gini coefficient indicate an increase of deposits 

and loans concentration in the banking sector of Bosnia and Herzegovina, and all 

concentration measures, except Gini coefficient, were highly correlated. Despite the 

expectation of traditional theory of industrial organizations, the growth in 

concentration of Bosnia and Herzegovina banking sector had no impact on the 

competition reduction. 

 

Data and methods 
During the analysed period from 2007 to 2016, the number of banks in Croatia 

significantly decreased. The data provided by the Croatian National Bank suggest 

that the number of banks decreased from 33, operating in 2007, to 25, operating at 

the end of 2016. A decreasing trend in the number of banks is a result of the fact that 

smaller banks ceased to operate mostly due to their profitability problems 

(Stojanović, Leko and Krišto, 2016) and many mergers and acquisitions of banks took 

place. In addition, one of the reasons for the decrease in the number of banks is the 

opening of the first branch of a foreign bank in Croatia. In October 2016, BKS bank 

ceases to operate as a joint-stock company in the Republic of Croatia and starts 

operating as a branch of the parent bank having its registered seat in Austria. 

Pursuant to the Council Directive(1989) 89/117/EEC, the first branch office of a 

foreign bank in Croatia, with a full name BKS Bank AG, Main branch office in Croatia, 

does not have the obligation to submit annual financial reports on independent 

business activity to the Croatian National Bank and the Croatian National Bank is not 

competent for its supervision. 
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Figure 1 Number of banks in Croatia 

Source: Authors’ creation, Croatian National Bank data. 

 

In order to calculate concentration indicators of the total assets of the banks in 

Croatia the published data on the total assets of the individual banks operating in 

Croatia in the analysed period were used. The data were taken from the official web 

pages of the Croatian National Bank. 

 

 
Figure 2 Total assets of banks in Croatia from 2007 to 2016, in billions of HRK 

Source: Authors’ creation, Croatian National Bank data 

 

The Figure 2 shows the increase of the total assets of the banks in Croatia until 

2011 when the total assets of the Croatian banking system amounted to HRK 407 

billion. In the period from 2011 until the end of 2016 there is a slight decrease of the 

total assets to approximately HRK 389 billion. Based on the Annual Report of the 

Croatian National Bank for 2016, the decrease in the total assets of the banks was 

mostly due to the conversion of Swiss franc loans into the euro-denominated loans 

but also to the exchange rate fluctuation, exit of two banks from the system as well 

as the sale of irrecoverable claims and a weaker lending activity of the system. A 

weaker lending activity of the system has been noticed since 2011 due to a 

postponed impact of the global financial crisis and mostly due to a decrease in 

lending to non-financial enterprises and citizens (Mandac and Krišto, 2016). 

The measures of concentration are applied to reveal how a certain aggregate 

value is distributed per modalities of statistical variables, and two types of measures 

exist: absolute concentration measures and relative concentration measures also 

known as inequality measures (Šošić, 2006). In this paper, the following measures are 

used to assess the concentration of the Croatian banking system: the entropy index, 
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the Theil entropy measure, the Gini coefficient, the Pietra index, the Atkinson index of 

inequality and the coefficient of variation. 

 

Entropy and Theil entropy measures 
Entropy is defined as a measure for the quantity of unused energy in a closed 

thermodynamic system (Tipurić, Kolaković, Dumičić, 2003). In information theory, 

entropy represents the measure of uncertainty. If applied in concentration 

measurement, entropy has the meaning of deviation from the lowest concentration 

or the total equality. The entropy measure that is often used for calculating the 

concentration in certain industries, and therefore it can be used for determining the 

assets concentration of the banking system, takes the following form: 

i

N

i

i ppE ln
1




 , 
 

(1) 

where N is the total number of units and pi is the proportion of variable value 

corresponded to i-th unit in the sum of all variable values (Tipurić, Kolaković, Dumičić, 

2003). The entropy is negatively correlated to the concentration level, i.e. the smaller 

the concentration, the greater the measure of entropy. The values of the entropy 

measure are within the range from 0 to lnN. Concentration is the lowest when the 

entropy measure is lnN and the greatest when the entropy equals zero, i.e. the 

monopoly takes place (Valdevit, Čibarić, Žmuk, 2008). 

The family of generalized entropy measures, given by: 
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has a specific parameter   that places sensitivity focus on the different parts of the 

variable distribution. In practice, the positive values of the parameter   are more 

commonly used. The lower the value of the parameter, the more sensitive the 

measure is to the changes in lower tail of the distribution, while the higher the value 

of the parameter, the more sensitive the measure is to the changes that affect the 

higher tail of the distribution of the chosen variable (Atkinson and Bourguignon, 

2015), in this case the total assets of the banks. For the purpose of this paper, Theil 

entropy measure is used. It is obtained from the family of generalized entropy 

measures for 1  : 
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where N is the the total number of units, yi represents individual values of the variable 

for which the concentration is being calculated and y  is the variable mean. 

 

Gini coefficient and Pietra index 
The Gini coefficient is one of the most frequently used measures of concentration. It 

is a numerical representation of the inequality level connected to the Lorenz curve 

(Gogala, 2001). The Gini coefficient actually equals double concentration area – the 
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area between the Lorenz concentration curve and the uniform distribution line, and 

it is defined as follows (Šošić, 2006): 

1 1
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where N is the total number of units and yi are individual values of the variable for 

which the concentration is being calculated. The values of the Gini coefficient 

range from zero (the values are equally distributed and there is no concentration) to 

1, being a sign of the highest concentration level. 

It can be said that the Lorenz curve is a graphical representation of the Gini 

coefficient whose points are situated below the uniform distribution line, and the 

concentration is manifested as the distance of the curve from the line. The higher 

the concentration, the Gini coefficient is closer to 1, the curve is more distant from 

the line, and vice-versa, the closer the curve is to the line, the concentration is lower 

and the Gini coefficient is closer to zero. 

The normalized Gini coefficient (Valdevit, Čibarić and Žmuk, 2008) is calculated 

based on the following formula: 
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where G is the value of the Gini coefficient and N the total number of units. The 

values of the normalized Gini coefficient are influenced by the number of banks, so 

the higher the number of the banks in the market, the closer the values of the Gini 

coefficient and the normalized Gini coefficient. 

The Pietra inequality index (Inequality Measurement, 2015), also known as the 

Hoover index, the Ricci-Schutz or the Robin Hood index, shows how the variable 

values should be distributed in order for them to create a perfect equality or minimal 

concentration. The index value actually approximates a proportion of the total 

variable value which should be transferred from the value area above the arithmetic 

mean to the value area below the arithmetic mean so the uniform distribution can 

be achieved. One form of the Pietra (Hoover) index is defined by (Frosini, 2012): 
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where yi are individual values of the variable for which the concentration is being 
calculated, y  is the variable mean and N is the total number of units. 

The value of this index can also be presented graphically on the Lorenz curve, 

and it represents the greatest vertical distance between the Lorenz curve and the 

uniform distribution line. Higher values of the index represent a higher inequality level 

since a greater redistribution of values is required in order to achieve equality and 

vice-versa, lower values of the index represent a lower inequality level. 

 

Atkinson inequality index 
According to its definition (Bellu and Liberati, 2006), the Atkinson indices show the 

percentage of total value that units are ready to waive in favour of others, i.e. in 

order to achieve less concentration level. These measures depend on parameter e, 

which represents aversion to inequality if indices are used in inequality measurement. 

Level of aversion is set by the researcher himself during his research or it is estimated 



  

 

 

20 

Croatian Review of Economic, Business and Social Statistics (CREBSS) 

UDK: 33;519,2; DOI: 10.1515/crebss; ISSN 1849-8531 (Print); ISSN 2459-5616 (Online) 

 

 

Vol. 4, No. 1, 2018, pp. 14-26 

earlier, for given society. Higher values of the parameter mean that individuals are 

more ready to accept lower income in exchange for a more equal distribution. 

Indices are defined as follows: 
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where N is the total number of units, yi are individual values of the variable for which 
the concentration is being calculated, y  is the variable mean and e is the 

parameter representing the level of inequality aversion. The values of the indices 

vary between 0 and 1 where the lower values imply a less concentrated distribution 

of the variable. The higher positive values of inequality aversion parameter will give 

higher importance to the lower tail of the distribution. Therefore, the higher the 

inequality aversion level, the higher the value of the index as well. 

 

Coefficient of variation 
The coefficient of variation (Šošić, 2006) is a relative dispersion measure, i.e. the 

measure of dispersion around the mean, expressed in percentage. It is calculated 

based on the following formula: 

100
s

V
y

  , (8) 

where s is a standard deviation and y  the arithmetic mean of the variable. The 

higher coefficient of variation indicates a higher dispersion around the mean, i.e. a 

lower representativeness of the arithmetic mean. In some cases, the coefficient may 

even exceed 100%, meaning that the data set is very heterogeneous. Smaller values 

of coefficient of variation represents the lower level of concentration. 

 

Results 
The research results, i.e. the values of selected concentration indices have been 

calculated by means of a web tool wessa.net (Wessa, 2017)and are shown in Table 

1. The obtained results testify of a slight increase in the concentration up to 2011 and 

afterwards some indices show a slight decrease in concentration until the end of 

2016. All results will be explained in detail in the following paragraphs. 

 

Table 1 Concentration measures of total assets of Croatian banks from 2007 to 2016* 

Measure 
Year 

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

Entropy 2.415 2.401 2.335 2.352 2.323 2.308 2.309 2.302 2.291 2.275 

Theil Entropy Index 1.081 1.096 1.131 1.113 1.111 1.093 1.058 0.994 1.005 0.944 

Gini coefficient 0.742 0.746 0.752 0.747 0.748 0.745 0.736 0.720 0.722 0.705 

Normalised Gini 0.765 0.769 0.776 0.771 0.773 0.770 0.762 0.747 0.749 0.734 

Pietra 0.625 0.626 0.648 0.642 0.640 0.631 0.617 0.598 0.599 0.576 

Atkinson e=0,5 0.481 0.485 0.499 0.489 0.490 0.485 0.471 0.450 0.450 0.427 

Atkinson e=1 0.757 0.761 0.772 0.759 0.763 0.759 0.746 0.726 0.720 0.693 

Atkinson e=2 0.913 0.915 0.916 0.909 0.912 0.910 0.903 0.889 0.880 0.862 

Coeff. of Variation 179% 182% 184% 183% 183% 181% 178% 169% 172% 164% 

*Note: www.wessa.net software was used. 

 

Entropy and Theil entropy measures 

As it has already been mentioned, the entropy measure is negatively correlated to 

the concentration level. In other words, the closer the entropy value to zero, the 

http://www.wessa.net/
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higher the concentration, and the closer the entropy to lnN value, the lower the 

concentration. For 2016, lnN equals ln(25)=3.22 so it can be concluded that the 

assets in Croatian banking system is slightly concentrated. The same conclusion can 

be drawn based on the Theil entropy measure. In addition, the graphic 

representations of the trends of these indices show that they are mutually consistent. 

 

 
Figure 3 Entropy and the Theil entropy index of bank assets in Croatia from 2007 to 

2016 
Source: Authors’ creation, Croatian National Bank (2017). 

 

In the first year of the analysed period, the entropy measure was equal to 2.415 

while in 2016 its value was 2.275, which indicates a slight increase of concentration. 

In addition, in 2007 the Theil index was equal to 1.081 and in 2016 it fell slightly to 

0.944. The Theil index was at the highest level in 2009 when its value was 1.131, but all 

these data imply a slight decrease in concentration which can be concluded on the 

basis of a decreasing trend regarding the number of the banks in the market. 

 

Gini concentration coefficient and Pietra index 

Since the Gini concentration coefficient and the Pietra inequality index are in theory 

related to the Lorenz curve, they should be observed together as they are supposed 

to represent similar movements. The values of the Gini coefficient range from 0 to 1 

and higher values of coefficients indicate a higher concentration as well as a larger 

distance between the Lorenz curve and the uniform distribution line. The values of 

the normalised Gini coefficient should always be higher that the values of the Gini 

coefficient and the values of both indices should come closer as the number of 

banks rises. As it has already been defined for the Pietra index, the more distant the 

Lorenz curve from the uniform distribution line, the higher the value of the Pietra 

index, which means a greater concentration. 
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Figure 4 The Gini coefficient and the Pietra index of bank assets in Croatia from 2007 

to 2016 
Source: Authors’ creation, Croatian National Bank (2017). 

 

Based on the data presented in Table 1 and in the figures, it can be concluded 

that the concentration had been increasing slightly until 2009 when a slight 

decrease took place as indicated by the values of calculated indices. The highest 

level of the indices was recorded in 2009 (the Gini coefficient was equal to 0.752, the 

normalised Gini to 0.776 and the Pietra index to 0.648), and the lowest at the end of 

the analysed period, in 2016 when the Gini coefficient was equal to 0.705, the 

normalised Gini to 0.73 and the Pietra index to 0.576. In 2007, the number of banks 

operating in the market is the highest during the analysed period and then the 

difference in values of the Gini coefficient and the normalised Gini was the lowest 

while it was the highest in 2016 when the number of banks operating in the market 

was the lowest during the analysed period. The values of these indices imply that the 

system is concentrated and the concentration slightly decreased after 2009. 

 

Atkinson measure 

Based on the definition of the Atkinson index presented earlier, this index depends 

on the level of inequality aversion which is determined by the researcher himself or 

estimated for the population. In this research, three levels of inequality aversion were 

used: 0.5, 1 and 2, in order to confirm the theoretical statement that the higher the 

level of inequality aversion, the higher the index values, and vice versa. The Figure 5 

confirms this assumption as the index attains the lowest values when the level of 

aversion is 0.5 and the highest when the level of aversion is 2. 
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Figure 5 Atkinson's inequality measures of bank assets in Croatia from 2007 to 2016 

Source: Authors’ creation, Croatian National Bank (2017). 

 

The Atkinson index may range between 0 and 1 where lower index values imply a 

more equal distribution of the value of the variable, i.e. a lower inequality which also 

means a lower concentration. As expected, the index with the lowest level of 

inequality aversion attained the lowest values but all three calculated indices show 

a relatively high level of assets concentration but also a trend of a slight decrease in 

the observed period. 

 
Coefficient of variation 

Based on the obtained results and the figure 6 it can be concluded that the 

coefficient of variation is the most volatile measure of all the measures used in the 

research for the analysed period. As it has been defined earlier, the higher 

coefficient of variation implies a greater dispersion around the mean and it should 

amount up to 100%. However, in some cases the coefficient may exceed the value 

of 100%, meaning that the data set is very heterogeneous. 

 

 
Figure 6 The coefficient of variation of bank assets in Croatia from 2007 to 2016 

(authors' calculation) 
Source: Authors’ creation, Croatian National Bank (2017). 

 

Based on the results presented in Table 1, it can be observed that the coefficient 

of variation throughout the entire analysed period is higher than 100%, which proves 

that the data set is heterogeneous. The individual data on the bank assets in the 

Croatian banking system, based on which all concentration indicators were 
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calculated, also suggest that the data set is heterogeneous. Namely, different banks 

have different values of the total assets so large banks have a significantly higher 

value of the total assets than smaller banks in the system, which indicates the 

inequality among the banks when the absolute value of their total assets is taken into 

account. In the accordance with the other calculated indicators, coefficient of 

variation also shows slight decrease in assets concentration of Croatian banking 

system in the observed period. 

 

Conclusions 
The banks play an important role in the Croatian economy taking into account that 

the most significant portion of national monetary assets is concentrated in the 

banking system. Throughout the years they develop, their ownership structure 

changes, mergers and acquisitions take place and many banks are liquidated. The 

majority of the banks in Croatia have a foreign owner and since October 2016 the 

first branch office of a foreign bank has been operating over which the Croatian 

National Bank has no supervision authority. Over the years, the banks have increased 

their assets but since 2011 a slight decrease in the total assets of the banking system 

can be noticed, mostly due to lower credit activity towards enterprises and citizens 

as a postponed impact of the financial crisis but also the conversion of Swiss franc 

loans into the euro-denominated loans which occurred in 2016. A decreasing trend 

of the number of banks is still noticed in Croatia that indicates a further increase in 

concentration of the system. 

The calculated indicators suggest a slight increase in concentration up to 2011 

and then some indices show a slight decrease in concentration until the end of 2016. 

Inequality moves in the same direction as the concentration, which means that 

there is a slight decrease in inequality among the banks in the Croatian banking 

system. On the other hand, all indicators and obtained values are within certain limits 

suggesting a presence of concentration in the system. Furthermore, different banks 

have different values of their total assets so the large banks have a much higher 

value of the total assets than smaller banks in the system, which testifies of the 

inequality among the banks when the absolute value of their total assets is taken into 

account, which also suggests that the system is heterogeneous. 

As Croatia is characterised by a decreasing trend of the number of banks, a 

further decrease in the number of banks is to be expected which in theory points to 

an increase in concentration. In the last several years, the system encounters 

profitability problems, which mostly impacts smaller banks which do not manage to 

withstand the competition and remain in the market. These reasons force small 

banks to involve in mergers and acquisitions, which directly influences 

concentration. 

Extremely high concentration can have negative effects on the system due to 

reduced competition, and apart from the fact that banks can form higher prices, 

there is also a problem of risk dispersion which can be dangerous for the financial 

stability. On the other hand, a certain degree of concentration can be considered 

good for the system because larger and more competitive banks operate in the 

system, offering a greater range of products and services due to economy of scale, 

attracting more quality customers and thereby increasing their profitability. As larger 

banks are known as stable (''too big to fail''), it can be considered that it will have 

positive impacts on financial stability. For this reason, the constant analysis and 

monitoring of the concentration of the system is required together with constant 

monitoring of the financial system as a whole in order for early signals which can 

highlight potential threats to the system to be detected. 
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Abstract 
Media use in the teaching process occurs in several forms. Information and 
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well as tools or curriculum units, particularly in higher education. Technological changes 

and new information technologies, in addition to substantive knowledge of the material, 

require from teachers creativity, knowledge, and the skills of the didactic design of 

teaching using modern multimedia tools. In Croatia, there is a lack of research aimed at 

assessing the initial state of computer literacy within the higher education institutions. The 

aim of this study was to determine the level of knowledge and digital competence of 

(non) teachers of higher education institutions in the Republic of Croatia, to determine 

the frequency of application of modern technologies in teaching, and to explain the 

necessity of implementation of the programme Multimedia training and e-learning at 

teaching faculties, which leads to the application of new educational paradigms. The 

study was conducted on a representative sample (N=1800) of (non) teachers of higher 

education institutions in the Republic of Croatia among various faculties and 

departments in Osijek, Split and Zagreb. The results show that (non) teachers of higher 

education institutions of engineering and information sciences have the best digital 

competences, and apply modern technology in research and scientific work 

significantly more than (non) teachers of social sciences and humanities. 
 

Keywords: didactic challenges, digital competences, representative sample, survey 

sampling research, the purpose of the application of new technologies. 
 

JEL classification: I20, I21, I23. 

DOI: 10.2478/crebss-2018-0003 
 

Received: March 22, 2018 

Accepted: June 14, 2018 



  

 

 

28 

Croatian Review of Economic, Business and Social Statistics (CREBSS) 

UDK: 33;519,2; DOI: 10.1515/crebss; ISSN 1849-8531 (Print); ISSN 2459-5616 (Online) 

 

 

Vol. 4, No. 1, 2018, pp. 27-41 

Introduction 
Media competence is a central concept in media pedagogy. It includes all the 

capabilities that primarily a teacher and / or a student must adopt within media-

information education. These skills are related to the construction of critical reflection 

against the challenges of new media. The need for technological skills and 

knowledge in the school, in the workplace, and generally in all social activities is a 

consequence of living in a digital environment for which Alvin Toftler coined the term 

"Information Age" (Farke, 2006). For the teachers to respond to the increasingly 

numerous and demanding needs of digital or information society, they need to have 

certain knowledge, skills, and abilities which can help them with an easier 

implementation of teaching content. Contemporary recent research implicitly 

indicates the necessity of integrating modern technologies in teaching in the 

context of improvement of research and teaching work in higher education 

institutions, particularly those components with teacher training. 
With the emergence of new technologies the method of learning is significantly 

changing. The student no longer receives knowledge by passive listening, but by 

using different technologies to actively adopt the necessary knowledge. The 

imperative of contemporary society and schools, with expertise in the professional 

domains, is certainly creativity, innovation, critical and reflective attitude, 

metacognitive skills, and motivation to acquire knowledge and skills (Rychen, 

Salganik, 2000). Since the development of books, radio, television, and electronic 

media, there is a great discussion by experts how the media contribute to the 

development of motivation in learning, especially learning certain teaching units in 

the field of mathematics. Through a variety of digital sources, materials in 

mathematics can be presented to students in a visually interesting and easier way. 

The most current skills are available online, one should be able to use them, get 

continuous further professional improvement, and practically apply them. There is a 

constant strive to invest into schools and the education system so there are always 

new educational and teaching technologies in the schools. Students and teachers 

are often faced with the speed of development of innovative media and with their 

proper and practical application (Adomeit, 1997). 

The didactic-methodic, curricular thinking, and monitoring of current issues and 

problems of modern teaching are of crucial importance for effective movement 

towards the planned educational outcomes, that is the acquisition of needed 

competencies (instrumental, interpersonal, systemic, and specific – subject oriented) 

(Ashauer, 2004). Teachers are expected to develop among students the knowledge, 

abilities, skills, critical thinking, which is currently required in the information society, 

based on the application of information and communication technology. But often, 

the teachers find themselves in a situation that the students are more computer 

literate and more likely to use a computer as entertainment, rather than to solve 

school assignments. The computer offers students a world of countless relevant and 

irrelevant information which easily distract them from the idea of the purposeful use 

of the computer. 

Accordingly, a pedagogical problem is how to install the computer in the 

teaching process, as well as how to use computers to assist the teaching process to 

make it more efficient and more interesting. There is also the question of how new 

technology is changing the educational paradigms, and whether these changes 

lead to the development of a functional process or not. ICT, as new tools for 

teaching, should contribute to the development and application of new 

educational paradigms which primarily means having knowledge of media-didactic 

analysis of digital media, which answers the question of the choice of the media to 
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facilitate the educational process and motivate students to learn. It is one of the 

fundamental pragmatic-didactic questions that often troubles primary school 

teachers and class teachers because the motivation of students to learn is one of 

the most important objectives of all teachers. 

The development of digital media and the level of acquired digital competence 

is causing teachers often the dilemma of choosing a particular type of media. 

Choosing the right media for certain subjects can greatly facilitate the transfer of 

information to the students. Since the beginning of the use of computers in teaching, 

different models of planning the teaching, changing education paradigms, as well 

as changes in learning outcomes began to develop. The change of educational 

paradigms is based on that with the help of technological implications 

(collaborative software tools and e-mail, computer networks and software tools for 

education, different approaches to software tools and methods, and the 

development of skills and digital simulation) which lead to the development of so-

called new model of learning which would include: individual research instead of 

just teaching in the classroom; (self-) education rather than passive absorption; team 

learning instead of individual work; the teacher would be given the role of a guide - 

adviser instead of the so-called "omniscient teacher"; teaching content that is 

quickly changing instead of stable content; and diversity rather than homogeneity 

(Moser, 2007). 

 

Literature review 
Over the past few years, didactics have increased interest in the subject of media 

using in Higher institution of Croatia. According to the Croatian Education, Science 

and Technology Strategy, the concept of lifelong learning is based on education 

and lifelong learning (Jovanović, Zelenika, 2013). Along with the strategic planning 

of the European Union, the Education, Science and Technology Strategy proposes 

measures and goals whose achievement is expected until 2025. Among the offered 

vision of long-term development, it is primarily aimed at encouraging the initiative 

and creativity of employees as well as future employees in the system, in order to 

ensure the dignity of future teachers, associates and researchers; in order to 

facilitate the adaptation of educational and research processes, thus enabling 

better quality and monitoring the strategic planning of the European Union. As 

stated in the document of strategic planning of the whole education and research 

area, it has to survive the triangle of knowledge that consists of education, research 

and innovation (Jovanović, Zelenika, 2013). It is certainly the first task in realizing the 

integration and introduction of information-communication technologies into the 

system, with the aim of developing cultural, social and human capital. 

The European Council has already adopted a work program called "Education and 

Professional Development" in 2002, defining eight key competences for the 21st 

century: maternity communication, foreign language communication, 

mathematical literacy and basic knowledge of science and technology, digital 

competences, learning competence, interpersonal and civic competences, 

entrepreneurship and cultural expression (Commission of the European Communities, 

2007). The Agency for Vocational Education and Adult Education (ASOOO) under 

the Erasmus program carries out the project "Digital Competences for Teachers" (an 

international project with Slovenia, Lithuania, and Turkey) aiming to create a portal 

that will enable teachers to e-learning and critical use of information-communication 

technologies for work and better communication (Commission of the European 

Communities, 2007). Some recommendations were used in the literature as a 

possible solution in the implementation of ICT in teaching as a new paradigm in 
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learning and teaching at the institutions of higher education. Various 

recommendations have been used: a) Analysis and implemetation of e-learning (use 

of the media for lifelong learning, connection of digital communication and media 

taxonomy with databases, table calculations, distance learning communication, e-

learning programs and tools: programs for acquiring academic titles from natural, 

and other sciences, programs for further training, retraining, specialization and 

programs in the field of living culture); B)Methodology and Didactics in E-Learning: 

Methods of E-Learning / Methods: a) Bleanded Learning, b) Social Learning and Web 

3.0 c) Mobile Learning, d) WebQuests and Game Based Learning; C) Didactic 

basics: a) didactic e-learning models, e-learning web-design, c) e-learning platform, 

d) multimedia system building, e) multimedia learning techniques and online 

material development in web technology higher level than ECDL to ECDL CAD 

(Computer Aided Design) and ECDL CTP (Certified Training Professional), ECDL 

ImageMaker. Based on the recommendations of the Agency for Science and Higher 

Education in November 2014, the Faculty of Philosophy should strive for a new 

method of learning and teaching and become recognizable as a center of 

excellence (Legčević, Hećimović, 2016). Additionally, there is a tendency to change 

the methodological approaches used in teaching, primarily from transition from 

traditional lectures to active learning, improved e-learning e-learning, and the ability 

to direct the Philosophy faculty's activities to new target groups of future students. 

The alignment of the study program with the strategic goals of the Faculty of 

Philosophy is recognized in the strategic goals through the teaching process, 

scientific and research and international work, the system of improvement and in the 

developmental and professional work, especially for the development of human 

resources (informing and sensitizing teachers and students for e-learning). The 

communication technologies in teaching and e-learning development is one of the 

key tasks of the program by which the Faculty of Philosophy would be recognized as 

a center of excellence, which belongs to the specific objectives of the FFOS 

Strategy. It also means to ensure the transfer of research outcomes and new 

knowledge into educational programs, dissemination, publication and application 

of research results to community wellbeing, understanding and mastering social 

processes and the risks that new technologies bring them, global economic 

development, demographic structure change, and increased complexity of 

contemporary management societies. 

 

Research Methodology 
Educational technology should not be primarily seen as a technical tool but as an 

aesthetic and symbolic material for self-expression and communication. Although 

some complain that knowledge, which is adopted and mediated through electronic 

media, lacks consistency, homogeneity and that is not permanent, it is attractive to 

students. The reasons are simple: attractive visual information, dynamic forms and 

active and interactive communication. A good example of the successful use of 

technology in teaching is on-line education that relies on the use of technology, 

including different forms of multimedia learning, especially in learning a foreign 

language. Verduin and Clark (1991) define on-line education with the following 

elements: a) temporal and spatial separation of students and teachers during most 

of the educational process of using educational media (Internet, etc.), for the 

purpose of connecting students and teachers and for presenting educational 

content, b) providing two-way communication between students and teachers, 

institutions or organizations which conducts education, and c) the emphasis on 

students mastering the concepts at their own pace. There are currently 30 different 
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courseware tools available on the market, and some of the most popular are: 

WebCT (Web Course Tools), TopClass, Lotus Learning Space and Webfuse. Due to 

the fact that the technology is the main medium for transmission of educational 

content, to make the teaching process more successful it is necessary for students 

and teachers to be familiar with the use of technology. Digital media, interesting 

and close to students by the way of thinking can be a great tool for moving towards 

higher learning levels – comprehension, implementation, analysis, synthesis and 

evaluation (self-evaluation):  

 It is necessary to classify media by the type and purpose (television, print 

media, audio-visual, electronic, etc.). 

 The team work and media workshops where the parents would be invited to 

participate together with children are also recommended.  

 It is important to become aware that relationship between school and media 

can be changed by the use of certain media content. 

 It is advisable to integrate precisely defined learning outcomes in advance for 

the development of media education (Moser, 2007). 

Tasks of the research result from the research objectives. In this study, the following 

tasks of the research are: 

 With the use of self-assessing of the frequency of use of digital technology of 

the respondents at higher education institutions to determine the 

representation of information and communication technologies through the 

course syllabus that are directly associated with the development of computer 

literacy and change of the educational paradigms. 

 Analyze the frequency of application of modern technology in the classroom 

with different majors’ faculties that could have an impact on the development 

of digital competence and use the level of analysis to determine the necessity 

of implementation of the program Multimedia training and e-learning at those 

faculties where there will be shown a low level of digital competence. 

 Analyze the opinions of the respondents who had experience in online 

collaborative learning where there will be shown greater willingness on the 

application of technological implications as the antipode to the development 

of new paradigms. 

 Analyze the differences in opinion of respondents with connection between 

agreement on the purpose of teaching methods, didactic system of teaching, 

and frequency of use thereof. 

For realization of set tasks, the research requires the following tasks: 

 Determine whether there is an impact of scientific areas and universities, on 

which the teachers and associates work, on the level of self-assessment of 

their digital competence 

 Determine the way of forms of education and development of digital 

competence for a change of educational paradigms in teaching 

 Determine the frequency of the application of new technologies among the 

respondents of different scientific fields 

 Through the correlation matrix determine the impact of variables in research 

on the level of knowledge in the components of the application of teaching 

methods 

 Determine the impact factor - experience in online collaborative learning in 

the components of the application of technological implications for changing 

educational paradigms in teaching with students. 
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Research hypotheses 
The paper presents the following affirmative six (H6) hypotheses that are 

complementary to the subject matter and methodology of the text. 

H1 - There is a difference between the scientific field and the universities where 

teachers and associates work and the level of self-assessment of their digital 

competences. 

H2 - There is a difference between respondents in the self-assessment of the 

frequency of use of digital technology for reading professional and scientific 

literature for the purpose of application of new educational paradigms in teaching. 

H3 - Respondents who are members of the digital generation show a greater 

degree of use of ICT in teaching and application of the teaching methods. 

H4 - Respondents who apply e-learning in the classroom by using different E-

Systems (MOODLE) and who have already had experience in online collaborative 

learning are more likely to apply technological implications as the antipode to the 

development of new educational paradigms. 

H5 - There is a difference between respondents in the self-assessment on the use 

of various forms of ICT in the teaching process by participating in online 

collaborative teaching and using mixed learning in the teaching process. 

H6 - There is a difference between respondents in the connection between 

agreement on the claims of teaching methods and didactic system of teaching and 

the frequency and reason for using technology to change educational paradigms. 

Tasks of this research result from the research objectives. In this study, the following 

tasks of the research are: 

1. With the use of self-assessing of the frequency of use of digital technology of 

the respondents at higher education institutions to determine the 

representation of information and communication technologies through the 

course syllabus that are directly associated with the development of computer 

literacy and change of the educational paradigms. 

2. Analyze the frequency of application of modern technology in the classroom 

with different majors’ faculties that could have an impact on the development 

of digital competence and use the level of analysis to determine the necessity 

of implementation of the program Multimedia training and e-learning at those 

faculties where there will be shown a low level of digital competence. 

3. Analyze the opinions of the respondents who had experience in online 

collaborative learning where there will be shown greater willingness on the 

application of technological implications as the antipode to the development 

of new paradigms. 

4. Analyze the differences in opinion of respondents with connection between 

agreement on the purpose of teaching methods, didactic system of teaching, 

and frequency of use thereof. 

For realization of set tasks, the research requires the following tasks: 

 Determine whether there is an impact of scientific areas and universities, on 

which the teachers and associates work, on the level of self-assessment of 

their digital competence 

 Determine the way of acquiring new knowledge and forms of education that 

contributes to the acquisition of digital competence for a change of 

educational paradigms in teaching 

 Determine the frequency of the application of new technologies among the 

respondents of different scientific fields 
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 Through the correlation matrix determine the impact of variables in research 

on the level of knowledge in the components of the application of teaching 

methods 

 Determine the impact factor - experience in online collaborative learning in 

the components of the application of technological implications for changing 

educational paradigms in teaching with students. 

 

Data and methods 
The study was conducted on a representative sample (N = 1800) of teachers and 

associates of higher education institutions in Republic of Croatia (11,000 out of the 

15,000 employees in the system of science and higher education) among the 

various constituents (faculties and departments), in Osijek (N = 720, 40%), Split (N = 

594, 33%), and Zagreb (N = 486, 27%). The stratified sampling was conducted of the 

population of teachers and associates in higher education institutions. This study is 

part of a wider research on determining the level of knowledge of digital 

competence and frequency of application of modern technologies in teaching of 

higher education teachers and associates of Europe, which was conducted in the 

framework of DFGP project "E-Learning und Multimediakompetenz der Deutschen 

Initiative für Netzwerk Information". Online research was conducted in the period 

from April 2, 2015, to June 14, 2015. Online questionnaire was on the web front pages 

of individual components of universities. For this purpose, an extensive questionnaire 

that was implemented was drawn up by experts (media psychologists) at the 

University of Johannes Guttenberg launched within the common European project. 

Of the total 1,800 respondents, 990 are of female (N = 55%) and 810 of male gender 

(N = 45%). The average age of the respondents at the time of the test ranged from 

35 to 58 years. What is presented in this paper are the most important results of the 

research regarding the use of ICT in the classroom and working with students. The first 

eight general information questions related to the set variables (gender, name of the 

university - a component, place of residence, teaching experience, location of the 

university, scientific field, and vocation). The second part of the online questionnaire 

consisted of nineteen questions where respondents assessed their own level of 

knowledge of digital competence. It explored the affiliation to digital generation, 

the frequency of using new educational paradigms in teaching that can contribute 

to the development of digital competence for a change of paradigms in teaching, 

the impact of factors - affiliation to generation in the components of the digital 

generation, and application of ICT in teaching. Students assessed on a scale of four 

levels (1 - never, 4 - often). In the questions where respondents evaluated the 

frequency of use of new technologies there were seven options to choose from: 

daily, several times, once a week, several times a month, once a month, less than 

once a month, I do not use the new technologies for work and school. In matters 

where there was the and an opinion on the importance of teachers to work with 

new media, and the purpose of the use of modern technology in the classroom as 

well as for change of educational paradigm respondents were choosing on a scale 

of one to five (1- completely disagree, 5- completely agree). In matters related to 

assessment of knowledge, the participants were able to choose among the five 

offered answers: excellent, very good, good, bad, very bad. Procedures for data 

processing were descriptive and inferential statistics, namely the process of 

calculating the frequency, percentage, Chi-square (χ2) test, and the correlation 

coefficient (Cramer's V (ρc) coefficient). 
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Results and discussion 
The most common respondents, given the place of employment of universities in the 

Republic of Croatia, were employees of the components of the University of Osijek 

(N = 40%): Faculty of Humanities and Social Sciences, Faculty of Education, Faculty 

of Electrical Engineering, Faculty of Economics, Department of Cultural Studies, 

Faculty of Food Technology, and Faculty of Law; from the University of Zagreb (N = 

27%): Faculty of Humanities and Social Sciences, Faculty of Physical Education, 

Faculty of Law, Faculty of Architecture, Faculty of Economics; from the University of 

Split (N = 33%): Faculty of Arts, Faculty of Law, Faculty of Economics, Academy of 

Arts, Faculty of Medicine, Faculty of Education, Faculty of Chemical Engineering and 

Technology, and Faculty of Electrical Engineering. The response rate is higher in the 

younger population using the web than it is which is the case with other respondents 

who sometimes use it. 

According to the results of the chi-square test (λ2) statistically significant 

difference depending of the age (χ² = 32.9, df = 3, p≤ 0.0001) and gender of the 

respondents (χ² = 36.0, df = 1, p≤ 0.0001) who participated in the survey, where 

respondents aged 35-45 years (N = 52.14%) were significantly more engaged in 

online testing in relation to the age group 55-65 years (N = 8%). Thus, respondents 

who are aged 35-45 years and filled out the questionnaire were probably more 

motivated because research has proven that they had a higher level of digital 

competence in completing questionnaires unlike those respondents aged 55-65 

years. Therefore, respondents with higher levels of already adopted digital 

competence, often filled online-questionnaire. The study showed 36.78 % of subjects 

in the vocation of assistant professor, aged 35-45 years, as clearly shown in Table 1, 

who considered themselves members of the digital generation, and thereby 

assessed their level of digital competence higher compared to those of higher 

vocations, associate (N = 4.23%) and full professors (N = 2.45%), aged 55-65 years, 

who feel that they do not belong to the digital generation. In other words, younger 

respondents actively use ICT in everyday life which makes their level of digital 

competence higher.  

 

Table 1 Prevalence of subjects by profession, scientific area, and affiliation to digital 

generation 

Vocation 
Prevalence 

(%) 

Affiliation to 

(non) digital 

generation (%) 

in relation to 

prevalence 

Scientific area 

Affiliation to 

(non) digital 

generation (%) 

in relation to 

prevalence 

Prevalence 

(%) 

Lector/ lecturer/ 

professional 

associate 

14.95% 9.56% Natural Sciences 3.9% 4.5% 

Assistant 27.6% 21.6% 
Technical 

Sciences 
14.56% 19.89% 

Assistant 

professor 
36.78% 22.36% Social Sciences 21.21% 43.69% 

Associate 

professor 
10.3% 4.23% Humanities 22.36% 34.39% 

Full professor 8.2% 2.45% 
Biomedicine and 

Health Care 
2.3% 5.53% 

Full professor 

with permanent 

appointment 

2.1% 0.9% Other 0.3% 2% 

Source: Authors. 
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As far as the assessment of the digital competence of the entire sample of 

respondents most respondents statistically significant estimate their digital 

competence as very good (N = 36.78%) or excellent (N = 35.06%). That is, over 70% of 

respondents believe that they are competent when it comes to the use of 

computers and new technologies. These figures can be explained by the fact that 

the technology is present all around us and the society considers the knowledge of 

the use of ICT as something normative. 

If the responses from all respondents in terms of profession or status of the 

respondents are analyzed, the results show that the subjects of smaller titles or 

statuses, for example, assistants and lecturers, and assistant professors are 

considered to belong to the so-called digital generation (N = 65.56%) and during 

their training in the profession (workshops, postgraduate doctoral studies, and the 

like) had represented courses or representation of ICT which are associated with the 

development of digital competence. 

Also, research has shown that factors results in a group of respondents - members 

of the digital generation who participated in the study - 76.35% of them own a 

personal computer, tablet, other types of innovative technologies such as an e-book 

reader and so on, while 23.65% of respondents who consider themselves to be in 

non-digital generation were larger, and those who are at higher academic titles, do 

not have digital tools. Thus, knowledge of the use of ICT requires continuous training 

via various tools, while those who do not possess knowledge of ICT have no need for 

digital tools. 

When compared to the results in terms of scientific areas, the majority of 

respondents (χ2 = 717.32, df = 3, p <0.05) of humanities and social sciences, and 

biomedicine and health consider themselves to have a general level of digital 

competences, which means the ability to use Microsoft Office - system (N = 46.25%), 

and not the professional level such as skills in e-tools, innovative software like the 

program Team Viewer, and the like. There was a statistically significant difference 

and significant correlation between universities in Osijek and Zagreb, which have 

contributed to the development component of digital competence for research 

with regard to the representation of computer programs at home (χ² = 112.12, df = 3, 

p≤0.05, Cramers V = .18). 

The research got the result that the assistants from surveyed universities who have 

not yet acquired the academic title more often use the Internet for scientific 

research and for teaching than those who have gained academic title. Thus, 

younger respondents are more likely to use ICT because during their schooling the 

ICT were simultaneously developing which allowed the respondents to have contact 

with ICT from an early age, which is why they think of the Internet as an advantage 

in their work. There is a statistically significant difference and a slight correlation 

between the frequency of use of digital technology for reading professional and 

scientific literature in one year for the purpose of application of new educational 

paradigms in teaching (χ² = 112.12, df = 6, p≤.05, Cramers V =. 17). That is, 

respondents who frequently use digital technology to read scientific literature often 

implement new teaching model. The data indicates on Figure 1. 
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Figure 1. Assessment of the frequency of use of digital technology for reading 

professional and scientific literature in one year 
Source: authors. 

 

The study showed that in the assessment of knowledge in the field of application 

of technology of e-learning in the classroom, for example, MOODLE system, results 

show that there is a significant difference in the application of e-learning (χ2 = 

502.85, df = 4, p <0.05), and that the majority of respondents very well implement 

MOODLE in their teaching (Figure 2). Using MOODLE in teaching helps students and 

respondents to improve the use of e-tools in teaching. Although, the results show that 

the respondents of technical sciences (N = 56.8%) and the humanities (N = 42.5%) 

use more MOODLE in teaching than those of Social Sciences (N = 39.6%). There was 

a statistically significant difference and slight association between respondents who 

work in technical sciences from the University of Split and University of Osijek with 

frequent use of MOODLE in teaching (χ2 = 139.12, df = 2, p <0.05, Cramers V = .19). 

Also, research has shown results that respondents state (N = 73.2%) that they usually 

use modern technology in the presentation of results and tasks, enabling the 

methodical change of the teaching classes (N = 66.1%), making creative tasks (N = 

63.6%), improving outcomes of learning (N = 62.5%), the transfer of current 

information (N = 61.8%), and a slightly smaller percentage states that they use 

modern technology in the promotion of the creative work (N = 60.7%), better 

communication among colleagues and students (N = 60.7%) , implying new learning 

environments (53.6%) as well as facilitating the evaluation of learning (46.4%). 

Research points at the fact that 61.25% participated in online collaborative 

teaching. 

However, a statistically significant difference between respondents in the 

University of Split considering the University of Osijek, that respondents in Osijek were 

more likely to participate in online collaborative teaching and those were 

respondents who are of lower and higher rank (χ² = 104.12, df = 5 , p≤.0.05, Cramers 

V = .14); and that there was no statistically significant difference between the 

respondents from the University of Osijek and Zagreb in relation to the same variable 

(χ²= 95.12, df = 3, p≥0.05, Cramers V = .12). Correlation analysis shows that the largest 

associations were observed between participation in online collaborative teaching 

with the use of mixed learning in the teaching process (r = .44, p≤0.05). Figure 2. 

indicates the fact that only 43.25% of all respondents use various forms of ICT in the 

teaching process. This data is also very worrying, especially when there is a 

significant difference between subjects from the University of Zagreb as opposed to 
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the University of Osijek that respondents with the title of assistant professor at the 

University of Zagreb, which often use ICT in the teaching process as opposed to the 

University of Osijek (χ² = 102.12, df = 4, p≤0.05, Cramers V = .13); and that there was 

no statistically significant difference between the respondents from the University of 

Split and Osijek related to the same variable (χ² = 91.12, df = 4, p≥0.05, Cramers V = 

.12). Correlation analysis shows that the largest associations were observed between 

the frequency of use of ICT in the teaching process and in participating in online 

collaborative teaching with the use of mixed learning in the teaching process (r = 

.44, p≤0.05), and in respondents as an assistant, lector, and senior assistant or Post-

Doc. Furthermore, there is a significant difference between respondents from the 

University of Osijek and Split in the self-assessment on the use of various forms of ICT in 

the teaching process by participating in online collaborative teaching and the use 

of mixed learning in the teaching process (χ² = 102.12, df = 5, p≤0.05, Cramers V = 

.15) (see Figure 2). Thus, respondents who used different e-tools in the online 

collaborative teaching frequently applied mixed learning and agree with the 

statement that the common use of innovative E-Systems in teaching changes the 

traditional forms of teaching in the so-called new model, learning forward 

collaborative teaching.  

 

 
 Figure 2 Self-assessment of the respondents about the use of various forms of ICT in 

the teaching process 
 Source: authors 

 

Table 2 shows statistically significant differences and connections in the level of 

each of these claims that are mentioned in the table in relation to the frequency 

and purpose of using the media to change the educational paradigms. The 

following are significant differences and high correlations among claims: methods of 

active learning and in improving learning outcomes (r = .787852, 5911, p≤0.05), a 

method of practical work and providing methodological change of teaching (r = 

.634512,6.521, p≤0.05), and the hybrid-cooperative learning and the implications of 

new learning environments (r = .413426, 5521, p≤0.05). 
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Table 2 Correlation between the claims of the use of teaching methods, didactic 

system of teaching with the purpose, and frequency of use of technology in 

teaching 

Teaching methods and didactic 

teaching systems 
Correlation Chi-square 

The frequency and 

purpose of using new 

media to change the 

educational paradigm 

1. Social forms of learning activities: 

collaborative learning 

(cooperative learning) 

0.364569 4.951, p≤.05 
In the presentation of 

results and tasks 

2. Active learning methods 0.787852 5.911, p≤.05 
To improve learning 

outcomes 

3. Mutual relations of teaching 

methods 
0.459357 3.251, p≤.05 

In facilitating the 

evaluation of learning 

outcomes 

4. Methods of practical work 0.634512 6.521, p≤.05 

In providing 

methodological 

changes in teaching 

5. Hybrid-collaborative learning 0.413423 5.521, p≤.05 
Implication of new 

learning environments 

6. Traditional teaching 0.234736 3.251, p≤.05 

Transmission of 

information, not 

knowledge 

7. Method of oral conversation 0.436512 4.951,p≤0.05 
In promoting the 

creativity of students 

8. Train teachers to work with new 

media in the classroom 
0.451236 3.235, p≤.05 

For better 

communication among 

colleagues and students 

9. Mentorship teaching 0.741232 6.251, p≤.05 
For creation of creative 

tasks 

10. Problem solving teaching 0.234152 4.131, p≤.05 

Development of: text, 

photography, records, 

posters, digital projector 

11. Individual students work 0.512321 2.151, p≤.05 
Photography, film, DVD 

player, video cameras 

12. Programmed learning 0.62156 3.151, p≤.05 

Computer, formatting 

texts, spreadsheets, 

browsing the Internet, 

online exercises, 

webinars 

Source: Authors. 

 

Conclusions  
Media use in a teaching process occurs in several forms. It is used as a work 

equipment and teaching aid, as well as a tool or a curriculum unit. This specifically 

means that students are learning with the help of the media, individually or in groups. 

It also means that teachers are planning their lessons for students to use technology 

in a self-inquiry based manner, as well as students express their creativity in 

producing technology-based lesson outcomes, while learning about the new 

technology.  

Considering these advantages of technology use, it is necessary to speak about 

digital logic and algorithmic thinking (which takes place with the use of media as a 

teaching subject). It is important to explore how to enable students to incorporate 

the use of media and new technologies in educational purposes, especially in 

research on the introduction of new educational paradigms in the curriculum of 

teaching. 
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The research confirmed the hypothesis H1 that there is a difference between the 

scientific field and the universities at which the teachers and associates work, and 

the level of self-assessment of their digital competence, and confirmed the 

hypothesis H3 that respondents who are members of the digital generation show a 

greater use of ICT in teaching and greater application of ICT in teaching methods. 

The use of different instructional and learning methods is important in building 

students’ skills and assures their mastery of the concepts (European educational 

tradition has been led by the premise based on “pedagogy of success for all”). 

Furthermore, the problem of “stagnant knowledge”, which is usually recognized and 

disapproved of in our educational system, cannot be solve with the continued use of 

the old-fashioned, lecturing-style teaching, which students find dull and boring. . 

Digital media is interesting to the new-age students, and it is close to their 

“way of thinking” (hence the students are referred to as “digital natives”, 

fluent “speakers” and digital technology users. Such digital interest and 

literacy can be a great tool for moving towards “higher” learning levels – 

comprehension, implementation, analysis, synthesis and self-evaluation. A good 

example of the successful use of technology in teaching is on-line education that 

relies on the use of technology, including different forms of multimedia learning, 

especially in learning a foreign language. It is precisely this lack of research, but also 

the motivation for future research to show how new technologies can help in higher 

education for learning and foreign language. The data also confirmed the 

hypothesis H2 that there is a difference between respondents in the self-assessment 

of the frequency of use of digital technology for reading professional and scientific 

literature for the purpose of application of new educational paradigms in teaching. 

Hypothesis H4 is also confirmed where it was shown that subjects who applied e-

learning in the classroom by using different E-Systems (MOODLE) and who have 

already had experience in online collaborative learning are more likely to apply 

technological implications as the antipode to the development of new educational 

paradigms. 

The analysis of the level of digital literacy and the impact factor of experience in 

the participation of the respondents in the online collaborative teaching and 

experience in the use of mixed learning in the educational process; the necessity of 

implementation of Multimedia training and e-learning was determined at those 

faculties where there was a low level of digital competence as an antipode to the 

development of the application of new educational paradigms in teaching. With 

that, the hypothesis H5 is confirmed. 

By analyzing the difference between respondents in the connection between 

agreement on the claims of teaching methods, didactic teaching system, the 

frequency and purpose of using new media to change the educational paradigms, 

the hypothesis H6 is confirmed. 

The research confirmed the hypothesis H1 that there is a difference between the 

scientific field and the universities at which the teachers and associates work, and 

the level of self-assessment of their digital competence, and confirmed the 

hypothesis H3 that respondents who are members of the digital generation show a 

greater use of ICT in teaching and greater application of ICT in teaching methods. 

The data also confirmed the hypothesis H2 that there is a difference between 

respondents in the self-assessment of the frequency of use of digital technology for 

reading professional and scientific literature for the purpose of application of new 

educational paradigms in teaching. 

Hypothesis H4 is also confirmed where it was shown that subjects who applied e-

learning in the classroom by using different E-Systems (MOODLE) and who have 
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already had experience in online collaborative learning are more likely to apply 

technological implications as the antipode to the development of new educational 

paradigms. However, the research constraints have been based on how to motivate 

teachers to solicit online questionnaires as well as to examine completely the digital 

skills including their online generation. 

The analysis of the level of digital literacy and the impact factor of experience in 

the participation of the respondents in the online collaborative teaching and 

experience in the use of mixed learning in the educational process; the necessity of 

implementation of Multimedia training and e-learning was determined at those 

faculties where there was a low level of digital competence as an antipode to the 

development of the application of new educational paradigms in teaching. With 

that, the hypothesis H5 is confirmed. By analyzing the difference between 

respondents in the connection between agreement on the claims of teaching 

methods, didactic teaching system, the frequency and purpose of using new media 

to change the educational paradigms, the hypothesis H6 is confirmed. Media 

education should be oriented, directed, and lead by these basic principles. 

Relevant, self-determined, creative, and socially responsible action and behaviour 

influenced by the media is related to certain conditions: life situation and 

communicative environment of teachers and students, their needs and emotions, 

their knowledge and experience, as well as the level of their ability to judge symbolic 

values. Where media reach and grow as a means of information, influence, 

entertainment, education, and the organization of everyday life, that they become 

the subject of media education. The use of media in everyday life, the need to 

acquire media competence and the importance of media activity should be 

directed towards the symbolic exchange between the recipient and the media. 

While, on the one hand, opening unlimited possibilities of effective cooperation 

between students and teachers, access to information and lifelong learning, on the 

other hand, are not only observed primarily as a technical tool in the educational 

process, but as an aesthetic and symbolic material for self-expression and to 

improve the quality of communication. Based on the analysis set (four) null 

hypothesis, none of which has not been accepted, accepting the second 

hypothesis, according to which teachers. 
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Abstract 
The paper assesses the existence of purchasing power parity (PPP) in ASEAN+3 

economies taking into account EUR and USD as reference currencies. The research 

refers to the period from January 2000 to June 2017 and there are three points of 

view: we tested the period as a whole and then the pre-crisis period and the post-

crisis period regarding the structural break due to the economic crisis. The evaluated 

economies include Brunei, Cambodia, China, Indonesia, Japan, Korea, Laos, 

Malaysia, Myanmar, the Philippines, Singapore, Thailand and Vietnam. A range of 

panel unit root tests are applied, covering the Levin, Lin and Chu test, the Breitung 

test, the Im, Pesaran and Shin test, the ADF-Fisher test and the PP-Fisher test. In cases 

where the unit root is rejected, the validity of PPP is confirmed. However, our results 

are ambiguous and depend on the selection of the base currency, the time period 

observed and on the choice of the methodology. 
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Introduction 
An irreplaceable element in monetary macroeconomic models for open economies 

is the concept of purchasing power parity (PPP). The PPP theory implies that 

exchange rate changes are driven based on the arbitrage, by shifts in relative 

prices, thus making potential deviations of real exchange rates from the PPP-

equilibrium levels only as a short-run phenomenon. Consequently, the PPP 

proposition is one of the most frequently examined topics in empirical 

macroeconomics. In recent years, we have witnessed an increase of papers testing 

the validity of this exchange rate theory also for Asian economies. The growing 
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power of Asian countries in global production and investments, their expansion in 

international trade and tight economic cooperation are the main factors that 

motivate researchers to apply PPP on these economies. However, despite of 

employing different estimation techniques, data samples, including various groups of 

Asian countries, studies provided mixed empirical results, which strengthen the PPP 

puzzle. 

In this research, we aim to contribute to the empirics of PPP in three ways. First, the 

PPP model is tested on the panel that covers selected 10 countries of the Association 

of Southeast Asian Nations (ASEAN), with China, Japan and South Korea. Second, an 

array of panel unit root tests is used on new data series in order to examine among 

others the validity of PPP after the outbreak of Great Recession. Third, all the unit root 

tests are performed simultaneously for USD and EUR rates. The elementary research 

hypothesis in the presents study is that the PPP concept holds for the selected group 

of Asian countries. Our paper is organized as follows. The next chapter contains a 

short literature review, while the basic theory of PPP, data properties and the 

econometric methodology are outlined in the following chapter. After that, the 

empirical results are presented. The key findings of our analysis are highlighted in the 

concluding part of the paper. 

 

Literature Review 
Arize, Malindretos and Ghosh (2015) tested the cointegration characteristics of 

exchange rates and prices of 27 Asian countries against the USD and found support 

for PPP in significant number of economies. Recently, Choji and Sek (2017) examined 

five ASEAN members with threshold cointegration tests but detected long run PPP in 

only two cases. The stationarity of real exchange rates on the USD is proven in seven 

out of eight Asian economies in the study prepared by Zhou and Kutan (2011). 

On the other hand, Chang, Zhang and Liu (2010) were able to reject the unit root 

hypothesis for no more than four countries’ real exchange rates among eight ASEAN 

members only after the panel SURKSS tests are applied with respect to the USD and 

the JPY. Based on nonlinear unit root tests using the USD as the numeraire, Chang, 

Lee and Liu (2012) also report that PPP is relevant merely for three among eight of 

the ASEAN economies. In addition, the PPP proposition is evaluated for the group of 

ASEAN-5 with a wide range of advanced panel unit root tests and cointegration 

analysis by Munir and Kok (2015). The evidence on PPP, based on stationarity 

properties of real exchange rates with respect to the USD, is in this paper 

fragmentary, substantially more support for the theory is gained from the 

employment of panel cointegration test. Munir and Kok (2015) advocate to extend 

the PPP testing by using different numeraire currencies. With the threshold 

cointegration technique incorporating asymmetric adjustments Lu and Chang 

(2011) provided evidence on long-run PPP for China. Paper by Lau et al. (2012) also 

confirms the PPP for four ASEAN countries when China acts as a base country, which 

at the same time indicates the significance of trade and financial links between 

economies in the Asian region. 

 

The PPP theory and research methodology 
The empirical characteristics of purchasing power parity (PPP) can be denoted as 

(Froot, Rogoff, 1995): 

et = 0 + 1pt + 2pt* + t ,           (1) 

where et presents nominal exchange rates expressed as the price of the foreign 

currency in the domestic currency units; pt is abbreviation for domestic price index 
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and pt* for foreign price index. The error term t denotes deviations from PPP. The 

considered variables are given as logarithms. According to the strict version of PPP 

the symmetry restriction requires that 0=0, while 1 and 2 are equal in absolute 

terms, and proportionality restriction demands that 0=0, 1=1 and 2= -1. 

The empirical analysis is based on monthly data ranging from January 2000 to 

June 2017 for the ASEAN+3 economies, including Brunei, Cambodia, China, 

Indonesia, Japan, Korea, Laos, Malaysia, Myanmar, Philippines, Singapore, Thailand 

and Vietnam. The consumer price indices (2010=100) and the monthly averages of 

nominal exchange rates with reference currencies of EUR and USD were gathered 

from IMF International Financial Statistics. The empirical analysis was undertaken in 

three parts, taking into account the whole observed period (1), the pre-economic 

crisis period (2) ranging from January 2000 to December 2007, and the post-

economic crisis period (3) ranging from July 2009 to June 2017. The sub-periods 

where determined following the NBER (2012) methodology for defining the US 

business cycles. 

In the empirical analysis, we assess the features of real exchange rates, which are 

in line with the strict version of PPP in Equation 1. The changes in relative prices are 

supposed to be offset by the movements in nominal exchange rates. Consequently, 

the real exchange rates should remain constant over the long period. Also, their time 

series should not exhibit unit roots, they are expected to be stationary (Parikh, 

Wakerley, 2000). This paper applies panel unit root tests in order to find evidence in 

favour of PPP.  

The model considers the AR(1) process for panel data may be described as 

follows: 

t,iit,i1t,iit,i Xyy     ,           (2) 

where the index i denotes N cross-section units for the periods for t=1, 2, ..., Ti., Xi,t are 

exogenous variables in the model, ρi are autoregressive coefficients. Here the errors 

(εi,t) are jointly independent idiosyncratic disturbances. When the absolute value of ρi 

is less than 1, yi is weakly stationary. When the absolute value of ρi is 1, yi contains a 

unit root. The panel unit root tests in our analysis differ in two assumptions about the 

ρi in panel unit root tests. Levin, Lin and Chu (2002) and Breitung (2000) approaches 

consider common unit root processes, with common autoregressive coefficients 

across cross-sections (ρi=ρ) for all i. On the other hand, the authors Im, Pesaran and 

Shin (2003), considered the Fisher modes of the augmented Dickey–Fuller (ADF) and 

the Phillips-Perron (PP) test, Maddala, Wu (1999) and Choi (2001), testing procedures 

dealing with the processes of the individual unit root, where ρi vary across cross-

sections.  

 

Description of the Levin, Lin and Chu test, and the Breitung test 
The Levin, Lin and Chu (2002) test takes into account the following ADF specification: 

 


 
ip

j

titijtijititi Xyyy
1

,,,,1,, '  ,       (3) 

where a common α = ρ-1 is assumed. The order of the lag for difference terms (pi) is 

changing over the cross-sections. The null hypothesis (H0: α = 0) implies that there is a 

unit root. While the alternative hypothesis (H1: α < 0) implies stationarity. In the Levin, 

Lin and Chu (2002) approach the first step requires an assessment of auxiliary 

regressions of Δyi,t and yi,t on lagged terms Δyi,t-j and on exogenous variables Xit. The 

residuals, which are denoted by (~) are used as proxies for Δyi,t and yi,t. Further, the 

term α is calculated using the pooled equation: 

 
tititi yy ,1,,

~~   
.            (4) 
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Due to the fact that the common t-statistic, which was used for testing the 

hypothesis with ̂  = 0, is diverging to negative infinity, the authors Levin, Lin and Chu 

(2002) developed the modified t statistics (t* in Equation 5). This modified t statictic is 

shown to be asymptotically normally distributed. Now, the following statistic: 

 *2

*

* ˆˆˆ1





 NSNTtt  ,          (5) 

where μ* and σ* are the terms used for alterations for the mean and the standard 

deviation calculated by Levin, Lin and Chu (2002), ̂ is the standard error of ̂ , 2̂ is 

the estimated variance of the residuals from equation (4) and NŜ  denotes the mean 

of individual ratios of standard deviations for all the runs, long and short. NŜ  is 

estimated by the kernel-based techniques. According to Levin, Lin and Chu (2002), 

we applied Bartlett kernel, Parzen kernel and quadratic spectral kernel. For checking 

the results robustness, we also considered regression (3) amplified with the distinct 

deterministic linear trend models. The Schwarz information criterion was used in 

selecting the number of lags in each of the cross-section ADF regressions (pi).  

The Breitung test is similar to Lin, Levin and Chu test. It estimates auxiliary 

regressions of Δyi,t and yi,t on lagged terms Δyi,t-j only, while proxies are transformed 

and detrended (Δyit*). Panel proxy equation is used to estimate the persistence 

parameter α: 

 Δyit*= α yit-1*+v it .             (6) 

According to Breitung (2000) under the null hypothesis, the estimate of the 

persistence parameter α is asymptotically normally distributed.  

 

Description of the Im, Pesaran and Shin test 
Im, Pesaran and Shin (2003) take into account the processes of the individual unit 

root and estimate the individual ADF regression for each of the cross-sections: 

 


 
ip

j

titijtijititi Xyyy
1

,,,,1,, '   ,       (7) 

where the null hypothesis is fixed as follows: 

iallfor,0:0 iH  .             (8) 

The working hypothesis is set as: 

 








N,1,Nifor0

N,1,2,ifor0
:

1

1

1 



i

i
H



  .           (9) 

t stands for the average of the t-statistics for αi from individual ADF regressions:  





N

i

it
N

t
1

1
.             (10) 

The authors Im, Pesaran and Shin (2003) decided to standardize the t -statistic using 

the new symbol W. The new statistic W is asymptotically approaching the normality.  

 

Description of the Fisher ADF and the Fisher PP tests 
Taking into account the results of Fischer (1932), Maddala and Wu (1999) and Choi 

(2001) developed the tests that integrate the individual p-values. πi denotes the p-

value from the individual unit root test ofr the cross-section i. According to Hurlin 

(2010) discovered that the respective p-values are following the uniform [0, 1] 

distribution. Maddala and Wu (1999) define their own statistic given as: 





N

i

i

1

2 )log(2   ,             (11) 
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and prove that it has an asymptotic χ2-distribution with 2N degrees of freedom. Choi 

(2001) defines a similar Z statistic: 

N

N

Z

N

i

i 



1

)log(

            (12) 

The null and the alternative hypotheses are the same as for the Im, Pesaran and 

Shin test described I Equations 8 and 9. Under the null hypothesis, the Z-statistic is 

following the normal distribution. 

 

Results and Discussion 
As shown in Table 1, in the whole observed period for the EUR exchange rates, the 

null hypothesis for the unit root could be rejected. The PPP theory may be confirmed 

in the panel of the observed countries only if the individual effects and the linear 

deterministic trends are taken into account. In the pre-crisis period, the null 

hypothesis should be rejected at 10% level of significance only for the case of the 

individual effects, too. While for the post-crisis period with the EUR as the reference 

currency, the hypothesis for PPP is confirmed when only individual effects are taken 

into account. Regarding the USD as the reference currency, the results confirm the 

null hypothesis and thus reject the PPP validity for the whole period as well as for the 

pre-crisis period. While in the post-crisis period, the null is rejected and PPP confirmed 

for all kernel-based techniques and regardless of the deterministic component 

applied. 

 

Table 1 Results of Levin, Lin and Chu test 

S
a

m
p

le
 

R
e

fe
re

n
c

e
 c

u
rr

e
n

c
y
 Bartlett kernel Parzen kernel Quadratic spectral kernel 

Individual 

effects 

Individual 

effects and 

individual 

linear trends 

Individual 

effects 

Individual 

effects and 

individual 

linear trends 

Individual 

effects 

Individual 

effects and 

individual 

linear trends 

t*  

(p-value) 

[no. of 

lags] 

t*  

(p-value) 

[no. of lags] 

t*  

(p-value) 

[no. of lags] 

t*  

(p-value) 

[no. of lags] 

t*  

(p-value) 

[no. of 

lags] 

t*  

(p-value) 

[no. of lags] 

2
0

0
0

M
1

-

2
0

1
7

M
6
 EUR 

0.11252 

(0.5448) 

[0-2] 

-2.11559 

(0.0172) 

[0-2] 

0.24110 

(0.5953) 

[0-2] 

-1.90672 

(0.0283) 

[0-2] 

0.21001 

(0.5832) 

[0-2] 

-1.87136 

(0.0306) 

[0-2] 

USD 

0.54694 

(0.7078) 

[0-2] 

-0.41399 

(0.3394) 

[0-2] 

0.64482 

(0.7405) 

[0-2] 

-0.08532 

(0.4660) 

[0-2] 

0.59772 

(0.7250) 

[0-2] 

-0.22125 

(0.4124) 

[0-2] 

2
0

0
0

M
1

-

2
0

0
7

M
1
2
 

EUR 

-1.29066 

(0.0984) 

[0-1] 

0.24298 

(0.5960) 

[0-1] 

-1.35421 

(0.0878) 

[0-1] 

0.04030 

(0.5161) 

[0-1] 

-1.36478 

(0.0862) 

[0-1] 

0.02653 

(0.5106) 

[0-1] 

USD 

2.09301 

(0.9818) 

[0-4] 

-0.43032 

(0.3335) 

[0-4] 

2.15218 

(0.9843) 

[0-4] 

-0.37037 

(0.3556) 

[0-4] 

2.09781 

(0.9820) 

[0-4] 

-0.21909 

(0.4133) 

[0-4] 

2
0

0
9

M
7

-

2
0

1
7

M
6
 EUR 

-3.21396 

(0.0007) 

[0-1] 

0.45711 

(0.6762) 

[0-1] 

-3.16081 

(0.0008) 

[0-1] 

0.57244 

(0.7165) 

[0-1] 

-3.16640 

(0.0008) 

[0-1] 

0.56188 

(0.7129) 

[0-1] 

USD 

-3.19857 

(0.0007) 

[0-3] 

-1.86175 

(0.0313) 

[0-2] 

-3.08431 

(0.0010) 

[0-3] 

-1.85279 

(0.0320) 

[0-2] 

-3.11641 

(0.0009) 

[0-3] 

-1.75211 

(0.0399) 

[0-2] 

 

Table 2 presents the results of the Breitung test, where null of a unit root could not 

be rejected at 5% significance level no matter which reference currency neither the 
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information criteria was taken into account. Thus, the validity of PPP cannot be 

confirmed. The closest to PPP is the case of EUR as the reference currency in the pre-

crisis period with Hannan-Quinn information criteria for the lag selection, where the 

null can be rejected at 10% significance level. 
 

Table 2 Results of Breitung test 

S
a

m
p

le
 

R
e

fe
re

n
c

e
 

c
u

rr
e

n
c

y
 

Schwarz information 

criterion 

Akaike information criterion  Hannan-Qiunn information 

criterion 

Individual effects and 

individual linear trends 

Individual effects and 

individual linear trends 

Individual effects and 

individual linear trends 

t-stat  

(p-value) 

[no. of lags] 

t-stat  

(p-value) 

[no. of lags] 

t-stat  

(p-value) 

[no. of lags] 

2
0

0
0

M
1

-

2
0

1
7

M
6
 EUR 

-0.15457 

(0.4386) 

[0-2] 

-0.09767 

(0.4611) 

[0-13] 

-0.14660 

(0.4417) 

[0-2] 

USD 

0.39668 

(0.6542) 

[0-2] 

-0.06786 

(0.4729 

[0-12] 

0.01640 

(0.5065) 

[0-12] 

2
0

0
0

M
1

-

2
0

0
7

M
1
2
 

EUR 

-1.16673 

(0.1217) 

[0-1] 

-1.09443 

(0.1369) 

[0-11] 

-1.32669 

(0.0923) 

[0-9] 

USD 

5.01460 

(1.0000) 

[0-4] 

5.63700 

(1.0000) 

[0-10] 

5.88935 

(1.0000) 

[0-10] 

2
0

0
9

M
7

-

2
0

1
7

M
6
 EUR 

 0.31629 

(0.6241) 

[0-1] 

-0.35685 

(0.3606) 

[0-10] 

-0.11387 

(0.4547) 

[0-1] 

USD 

3.68108 

(0.9999) 

[0-2] 

4.13232 

(1.0000) 

[0-9] 

3.06602 

(0.9989) 

[0-3] 
 

Table 3 Results of Im, Pesaran and Shin test 

S
a

m
p

le
 

R
e

fe
re

n
c

e
 c

u
rr

e
n

c
y
 Schwarz information 

criterion 

Akaike information criterion  Hannan-Qiunn information 

criterion 

Individual 

effects 

Individual 

effects and 

individual 

linear trends 

Individual 

effects 

Individual 

effects and 

individual 

linear trends 

Individual 

effects 

Individual 

effects and 

individual 

linear trends 

W-stat  

(p-value) 

[no. of 

lags] 

W-stat  

(p-value) 

[no. of lags] 

W-stat  

(p-value) 

[no. of 

lags] 

W-stat  

(p-value) 

[no. of lags] 

W-stat  

(p-value) 

[no. of 

lags] 

W-stat  

(p-value) 

[no. of lags] 

2
0

0
0

M
1

-

2
0

1
7

M
6
 EUR 

1.03954 

(0.8507) 

[0-2] 

0.45693 

(0.6761) 

[0-2] 

0.70976 

(0.7611) 

[0-13] 

-0.43050 

(0.3334) 

[0-13] 

0.93165 

(0.8242) 

[0-2] 

0.14660 

(0.5583) 

[0-2] 

USD 

2.31080 

(0.9896) 

[0-2] 

1.59000 

(0.9441) 

[0-2] 

1.74017 

(0.9591) 

[0-12] 

1.09056 

(0.8623) 

[0-12] 

1.98203 

(0.9763) 

[0-12] 

1.10620 

(0.8657) 

[0-12] 

2
0

0
0

M
1

-

2
0

0
7

M
1
2
 

EUR 

0.13163 

(0.5524) 

[0-1] 

1.09463 

(0.8632) 

[0-1] 

-1.46082 

(0.0720) 

[0-11] 

1.32892 

(0.9081) 

[0-11]1.0 

-0.90793 

(0.1820) 

[0-9] 

0.77274 

(0.7802) 

[0-9] 

USD 

4.49915 

(1.0000) 

[0-4] 

1.67883 

(0.9534) 

[0-4] 

4.46688 

(1.0000) 

[0-11] 

2.40845 

(0.9920) 

[0-10] 

4.03692 

(1.0000) 

[0-4] 

2.47598 

(0.9934) 

[0-10] 

2
0

0
9

M
7

-

2
0

1
7

M
6
 EUR 

-1.63529 

(0.0510) 

[0-1] 

-0.82200 

(0.2055) 

[0-1] 

-1.97135 

(0.0243) 

[0-10] 

-2.89484 

(0.0019) 

[0-10] 

-1.77451 

(0.0380) 

[0-1] 

-1.34098 

(0.0900) 

[0-1] 

USD 

-0.77192 

(0.2201) 

[0-3] 

0.86019 

(0.8052) 

[0-2] 

-0.94346 

(0.1727) 

[0-11] 

1.66274 

(0.9518) 

[0-9] 

-0.67884 

(0.2486) 

[0-6] 

0.67436 

(0.7500) 

[0-3] 
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Table 3 exhibit no confirmation of PPP in the whole observed period regardless of 

the reference currency and the method applied. Moreover, in the case of USD as 

reference currency the results are the same also for both subsamples, not confirming 

PPP. When the reference currency is EUR, the results are partially supportive for PPP in 

the post-crisis period, as in three cases the null of a unit root is rejected at 5% 

significance level and in two cases at 10% significance level. While in the pre-crisis 

period the results show a limited sign of PPP as the null is rejected at 10% significance 

level only in one out of six various methodological cases. 

Tables 4 and 5 presents χ2 and Z statistics determined by the ADF test, while Tables 

6 and 7 display χ2 and Z statistics subject to the Phillips-Perron PP individual unit root 

tests. There is no evidence for PPP when testing the null of a unit root by the Fisher 

type ADF tests and the Fisher type PP tests for the USD based exchange rates. While 

for EUR, there is modest support for PPP in the post-crisis period provided by Maddala 

and Wu χ2 statistic based of the Fisher ADF tests and strong support in the same 

period given by Choi Z statistic based on the Fisher ADF tests.  
 

Table 4 Results of the Fisher ADF tests (Maddala and Wu χ2 statistic) 

S
a

m
p

le
 

R
e

fe
re

n
c

e
 c

u
rr

e
n

c
y
 Schwarz information 

criterion 

Akaike information 

criterion  

Hannan-Qiunn information 

criterion 

Individual 

effects 

Individual 

effects and 

individual linear 

trends 

Individual 

effects 

Individual 

effects and 

individual 

linear trends 

Individual 

effects 

Individual 

effects and 

individual 

linear trends 

χ2  

 (p-value) 

[no. of lags] 

χ2  

 (p-value) 

[no. of lags] 

χ2  

 (p-value) 

[no. of 

lags] 

χ2  

 (p-value) 

[no. of lags] 

χ2  

 (p-value) 

[no. of 

lags] 

χ2  

 (p-value) 

[no. of lags] 

2
0

0
0

M
1

-

2
0

1
7

M
6
 EUR 

15.6973 

(0.9432) 

[0-2] 

18.4679 

(0.8581) 

[0-2] 

17.0436 

(0.9078) 

[0-13] 

22.6013 

(0.6554) 

[0-13] 

15.9052 

(0.9385) 

[0-2] 

19.8690 

(0.7977) 

[0-2] 

USD 

9.92658 

(0.9981) 

[0-2] 

12.7266 

(0.9863) 

[0-2] 

12.4588 

(0.9883) 

[0-12] 

14.4051 

(0.9673) 

[0-12] 

10.7163 

(0.9964) 

[0-12] 

14.3034 

(0.9688) 

[0-12] 

2
0

0
0

M
1

-

2
0

0
7

M
1
2
 

EUR 

27.9347 

(0.3617) 

[0-1] 

22.1696 

(0.6794) 

[0-1] 

35.8090 

(0.0952) 

[0-11] 

20.7037 

(0.7571) 

[0-11] 

33.3012 

(0.1535) 

[0-9] 

19.8690 

(0.7977) 

[0-2] 

USD 

10.5405 

(0.9969) 

[0-4] 

23.7538 

(0.5900) 

[0-4] 

9.04564 

(0.9992) 

[0-11] 

23.9451 

(0.5791) 

[0-10] 

10.8614 

(0.9960) 

[0-4] 

23.7544 

(0.5900) 

[0-10] 

2
0

0
9

M
7

-

2
0

1
7

M
6
 EUR 

34.5921 

(0.1208) 

[0-1] 

27.3354 

(0.3919) 

[0-1] 

37.3366 

(0.0697) 

[0-10] 

46.0716 

(0.0090) 

[0-10] 

35.6548 

(0.0982) 

[0-1] 

31.5007 

(0.2101) 

[0-1] 

USD 

32.0307 

(0.1921) 

[0-3] 

22.7241 

(0.6485) 

[0-2] 

33.0297 

(0.1612) 

[0-11] 

18.5280 

(0.8557) 

[0-9] 

31.4641 

(0.2115) 

[0-6] 

22.1662 

(0.6796) 

[0-3] 
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Table 5 Results of the Fisher ADF tests (Choi Z statistic) 
S
a

m
p

le
 

R
e

fe
re

n
c

e
 c

u
rr

e
n

c
y
 Schwarz information 

criterion 

Akaike information criterion  Hannan-Qiunn information 

criterion 

Individual 

effects 

Individual 

effects and 

individual linear 

trends 

Individual 

effects 

Individual 

effects and 

individual 

linear trends 

Individual 

effects 

Individual 

effects and 

individual 

linear trends 

Z 

 (p-value) 

[no. of 

lags] 

Z 

 (p-value) 

[no. of lags] 

Z 

 (p-value) 

[no. of 

lags] 

Z 

 (p-value) 

[no. of lags] 

Z 

 (p-value) 

[no. of 

lags] 

Z 

 (p-value) 

[no. of lags] 

2
0

0
0

M
1

-

2
0

1
7

M
6
 EUR 

1.14002 

(0.8729) 

[0-2] 

0.51988 

(0.6984) 

[0-2] 

0.89715 

(0.8152) 

[0-13] 

-0.33402 

(0.3692) 

[0-13] 

1.04380 

(0.8517) 

[0-2] 

0.18994 

(0.5753) 

[0-2] 

USD 

2.42817 

(0.9924) 

[0-2] 

1.70512 

(0.9559) 

[0-2] 

1.91899 

(0.9725) 

[0-12] 

1.25715 

(0.8957) 

[0-12] 

2.16121 

(0.9847) 

[0-12] 

1.24837 

(0.8941) 

[0-12] 

2
0

0
0

M
1

-

2
0

0
7

M
1
2
 

EUR 

0.17496 

(0.5694) 

[0-1] 

1.16506 

(0.8780) 

[0-1] 

-1.33751 

(0.0906) 

[0-11] 

1.66332 

(0.9519) 

[0-11] 

-0.83209 

(0.2027) 

[0-9]  

0.18994 

(0.5753) 

[0-2] 

USD 

4.26183 

(1.0000) 

[0-4] 

1.57148 

(0.9420) 

[0-4] 

4.37007 

(1.0000) 

[0-11] 

2.20450 

(0.9863) 

[0-10] 

3.87405 

(0.9999) 

[0-4] 

2.26236 

(0.9882) 

[0-10] 

2
0

0
9

M
7

-

2
0

1
7

M
6
 EUR 

-1.65024 

(0.0494) 

[0-1] 

-0.84615 

(0.1987) 

[0-1] 

-1.95094 

(0.0255) 

[0-10] 

-2.79457 

(0.0026) 

[0-10] 

-1.80148 

(0.0358) 

[0-1] 

-1.38471 

(0.0831) 

[0-1] 

USD 

-0.72903 

(0.2330) 

[0-3] 

0.82276 

(0.7947) 

[0-2] 

-0.80231 

(0.2112) 

[0-11] 

1.75534 

(0.9604) 

[0-9] 

-0.60290 

(0.2733) 

[0-6] 

0.68480 

(0.7533) 

[0-3] 

 

Results based on the Fisher PP tests bring no support for PPP at 5% significance 

level also in the case for EUR as the reference currency. Allowing for 10% significance 

level, there is some evidence for PPP for all kernel approaches when applying 

individual effects. 

 

Table 6 Results of the Fisher PP tests (Maddala and Wu χ2 statistic) 

S
a

m
p

le
 

R
e

fe
re

n
c

e
 

c
u

rr
e

n
c

y
 

Bartlett kernel Parzen  Quadratic spectral kernel 

Individual 

effects 

Individual 

effects and 

individual 

linear trends 

Individual 

effects 

Individual 

effects and 

individual 

linear trends 

Individual 

effects 

Individual 

effects and 

individual 

linear trends 

χ2  

 (p-value) 

χ2  

 (p-value) 

χ2  

 (p-value) 

χ2  

 (p-value) 

χ2  

 (p-value) 

χ2  

 (p-value) 

2
0
0

0
M

1
-

2
0
1

7
M

6
 

EUR 
14.3319 

(0.9684) 

15.1632 

(0.9543) 

14.6903 

(0.9627) 

15.9786 

(0.9367) 

14.5031 

(0.9658) 

16.0037 

(0.9361) 

USD 
10.1155 

(0.9978) 

13.8725 

(0.9746) 

10.1149 

(0.9978) 

14.3036 

(0.9688) 

9.85076 

(0.9982) 

13.8674 

(0.9747) 

2
0
0

0
M

1
-

2
0
0

7
M

1
2
 

EUR 
22.7746 

(0.6457) 

18.1306 

(0.8710) 

22.3688 

(0.6684) 

17.4708 

(0.8942) 

22.5196 

(0.6600) 

17.5680 

(0.8909) 

USD 
11.6731 

(0.9929) 

18.4298 

(0.8596) 

11.8016 

(0.9922) 

18.1072 

(0.8718) 

11.8990 

(0.9917) 

18.4599 

(0.8584) 

2
0
0

9
M

7
-

2
0
1

7
M

6
 

EUR 
33.0874 

(0.1596) 

23.9890 

(0.5766) 

33.5547 

(0.1466) 

24.5670 

(0.5436) 

33.4391 

(0.1497) 

24.1601 

(0.5668) 

USD 
29.2504 

(0.2998) 

19.0704 

(0.8334) 

29.1760 

(0.3031) 

19.2408 

(0.8261) 

29.0523 

(0.3087) 

19.4913 

(0.8150) 
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Table 7 Results of the Fisher PP tests (Choi Z statistic) 
S
a

m
p

le
 

R
e

fe
re

n
c

e
 

c
u

rr
e

n
c

y
 

Bartlett kernel Parzen  Quadratic spectral kernel 

Individual 

effects 

Individual 

effects and 

individual 

linear 

trends 

Individual 

effects 

Individual 

effects and 

individual 

linear trends 

Individual 

effects 

Individual 

effects and 

individual 

linear trends 

Z 

 (p-value) 

Z 

 (p-value) 

Z 

 (p-value) 

Z 

 (p-value) 

Z 

 (p-value) 

Z 

 (p-value) 

2
0
0

0
M

1
-

2
0
1

7
M

6
 

EUR 
1.52355 

(0.9362) 

1.20408 

(0.8857) 

1.41205 

(0.9210) 

1.02887 

(0.8482) 

1.46725 

(0.9288) 

1.05864 

(0.8551) 

USD 
2.48400 

(0.9935) 

1.52905 

(0.9369) 

2.47947 

(0.9964) 

1.43544 

(0.9244) 

2.54969 

(0.9946) 

1.53299 

(0.9347) 

2
0
0

0
M

1
-

2
0
0

7
M

1
2
 

EUR 
0.89417 

(0.8144) 

1.71288 

(0.9566) 

0.95467 

(0.8301) 

1.68886 

(0.9544) 

0.94724 

(0.8282) 

1.72866 

(0.9581) 

USD 
3.68923 

(0.9999) 

2.13968 

(0.9838) 

3.64279 

(0.9999) 

2.18795 

(0.9857) 

3.72972 

(0.9999) 

2.02797 

(0.9787) 

2
0
0

9
M

7
-

2
0
1

7
M

6
 

EUR 
-1.49616 

(0.0673) 

-0.53076 

(0.2978) 

-1.55914 

(0.0595) 

-0.66179 

(0.2541) 

-1.55069 

(0.0605) 

-0.57210 

(0.2836) 

USD 
-0.27977 

(0.3898) 

1.28587 

(0.9008) 

-0.38960 

(0.3484) 

1.19496 

(0.8839) 

-0.35493 

(0.3613) 

1.15615 

(0.8762) 

 

Our results are limited to the panel unit root tests of the first generation and are 

based on the exchange rates of the observed economies in respect to the EUR and 

the USD. Thus, the prospective work on PPP can be planned in at least two 

directions. First, the exchange rate theory could be scrutinized with other 

methodological approaches, such as panel unit root tests that allow for cross-

sectional dependence, nonlinear behavior, and by testing the mean decline of the 

real exchange rates and calculating the half-lives of shocks to the real exchange 

rates in order to estimate the adjustment speed. Second, the robustness of PPP 

proposition in ASEAN+3 economies could be further tested by taking into account 

additional benchmark currencies. 

 

Conclusions 
The results from a variety of panel stationarity tests, elaborated in this paper, do not 

allow us to draw a final verdict on the validity of PPP for Asian economies. The 

heterogeneity of empirical outcomes notwithstanding, we can emphasize the 

following main conclusions. First, the PPP is empirically recognized in the whole time 

span only for EUR-based real exchange rates solely by Levin, Lin and Chu test. 

Second, in just few cases we were able to detect the mean reversion process of real 

exchange rates calculated from EUR series in the pre-economic crisis period. Third, 

the results (based on EUR series) are more in favour of PPP in the post-crisis period. In 

addition, if we consider the results of the Levin, Lin and Chu test the theory holds for 

EUR as well as for USD rates. All these cases suggest that for determining the 

equilibrium exchange rates for the selected Asian countries PPP can serve as a 

reasonable alternative and simultaneously as an indicator of economic integration 

of the analysed economies. 
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Abstract: 
The paper presents the process of ranking and classifying countries using the I-

distance method. The I-distance method is a method of classification and 

multidimensional ranking based on the distance values between selected indicators. 

The selection of indicators was carried out using the principal components analysis, 
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Introduction 
Accomplishing the unique classification of countries according to the level of 

development is very difficult, given that the very concept of developing countries is 

complex and often covers many aspects, such as economic and social aspects. The 

need for such a classification is very emphasized, although there is no single 

classification with precisely defined criteria that can be applied to each country in 

order to provide relevant information and reliable picture of development of 

countries in the world. The method of I-distance combined with factor analysis 

models leaves no possibility of subjective influence on the formation of the ranking, 

assuming that a set of indicators is known and that it has all the characteristics 

corresponding to the nature of the problem. Modern theory defines development as 

a multidimensional and complex phenomenon, which is therefore impossible to 

measure with just one macroeconomic indicator, it takes the whole set of them. 

Today, different international organizations use different systems of countries 

classification. To assess the development of a country, the United Nations 

Development Program (UNDP) uses a complex HDI index (Human Development 

Index) (United Nation, 2018). The HDI index encompasses the dimension of health 
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(life span), the dimension of education and the dimension of income (measured by 

gross domestic product per capita). By analysing these dimensions, it is shown how 

people and their abilities influence the country's development estimation but not the 

economic growth itself. HDI uses the revenue algorithm, to show a decrease in the 

importance of revenue with an increase in national income. The results for the three 

HDI dimension indices are then collected in a composite index using a geometric 

mean. Based on this index, countries are divided into four groups: countries with very 

high, countries with high, countries with middle and countries with low human 

development (Nilsen, 2011). The World Bank classifies countries according to the GDP 

per capita. For 2016, low income countries are those with GDP per capita lower than 

$ 1,045; countries with a GDP per capita between $ 1,045 and $ 4,125 belong to 

lower middle income countries; an upper income ones which had GDP per capita 

between $ 4,125 and $ 12,746 and the high-income are those that have had GDP 

per capita over $ 12,746 (The World Bank, 2016). International Monetary Fund 

classifies countries as "advanced economies" and "emerging and developing 

economies". The term "emerging economies" refers to countries that have some 

characteristics of developed economies, but not yet at the per capita income level 

(Nilsen, 2011). This paper analyses countries of European Union (EU-28) as a whole 

and in particular each member state. Apart from the EU, this analysis also includes 

Switzerland, as one of the most developed countries in Europe. Turkey is also 

involved in analysis, given its significance in the Balkans. 

 

Literature review 
Numerous studies have been conducted that deal with ranking, namely I distance. 

Let us mention only the most relevant ones. In their research (Maričić et al., 2016), 

they believe that the values of the composite index need to firstly be normalized 

before they are used in the model. 

Similar considerations could be found in the work, (Rauhvargers, 2013) where it is 

proved that besides ranking it is very important to deal with the problem of 

"normalization" of data but without mentioning what kind of normalization is implied. 

Some authors (Janković Šoja et al., 2016) consider that the advantage of Method I 

distance is that it easily solves the problem of subjectivity in determining the 

significance of certain indicators. The disadvantage is that the method did not gain 

greater international significance (recognition). Although it is not internationally 

recognized, the method has a higher level of application and accuracy in 

determining the rank based on certain indicators. 

In their research (Cracolici, Cuffaro, Nijkamp, 2010), a model for linking important 

economic and non-economic indicators into the logical framework is presented. The 

aim is to establish a model and determine the intensity and direction of the 

relationship between the economic and non-economic aspects of the functioning 

of a state. 

The expansion of the previous studies is the work of (Koster, 2014), in which the 

author introduces an examination of individual attitudes (preferences) in relation to 

the interests of the state. 

Given the above mentioned literature, the advantages of the method of I 

distance are great and are the basis for further research in this area. 

 

Assessment of the countries development 
The analysis of country development is the subject of many discussions and 

dilemmas from the standpoint used by the method to rank, on the one hand, and on 
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the other hand, how to choose a set of indicators and use them. Several indicators 

are used as a comprehensive indicator of the phenomenon analysed. The problem 

is the availability of official indicators. Eurostat is used as a source of data as it is 

considered to be an official "statistical data centre". Everything that was published 

as the most commonly used indicators are included in the analysis. 

However, the question is, do the most commonly used indicators provide 

satisfactory information and may there be some other features and indicators that 

were unknown or neglected, which could be even more significant than those most 

commonly used in consideration? The limitation is also availability of such data. 

It is necessary to determine a relatively small number of well-chosen 

macroeconomic indicators that would contain the same level of information as if I 

used all the possible indicators for ranking countries in the world according to the 

level of development. 

If we have a larger number of indicators, it is necessary to simplify the classification 

of its elements through dimensional reduction. The choice of a set of indicators 

should provide such classification and ranking, which should not be statistically 

significantly different from the classification that would be made in case that all the 

initial set of indicators are taken into account. 

It is necessary to proceed from a wider list of possible indicators, which will then be 

subjected to the analysis of significance in order to bring the initial list of indicators to 

an "optimal" measure. From a variety of indicators, nine indexes in the initial listing 

were listed. Let's mark them with X1, X2, ..., X9, where: 

X1 – GDP (in EUR) is a common measure of economic activity represented by the 

overall value of products and services produced in a certain territory (usually one 

country) over a period of time (mostly 1 year) reduced for the value of raw 

materials and semi-products used for their production. This is the indicator most 

commonly used in analyses of this type. 

X2 - The volume index of GDP per capita (Index: EU28=100) in Purchasing Power 

Standards (PPS) is expressed in relation to the European Union (EU28) average 

which equals 100. If the index of a country is higher than 100, then level of GDP per 

capita is higher than the EU average and inversely. Basic figures are expressed in 

PPS. It is a common currency that eliminates the differences in price levels between 

countries that allows meaningful volume comparisons of GDP between countries 

(Eurostat, 2018b).  

X3 - Export of goods and services (in EUR) - Includes all transactions of goods and 

services from residents to non-residents. Exportation of goods and services has a 

positive impact on GDP through external trading multiplier and it shows how some 

companies in certain country are competitive in the foreign market. 

X4 - Import of goods and services (in EUR) - Includes all transactions of goods and 

services from non-residents to residents. Importation has a negative impact on GDP 

generation. It reduces the positive effects of export and increases dependence of 

a certain country of products from other countries. 

X5 - Public Debt (in EUR) - This indicator is defined as the Consolidated Gross Debt of 

Public Sector (the Maastricht Treaty), which was not settled at the end of the year 

and includes cash and deposits, debt securities and public sector loans. 

X6 - Deficit/surplus (in EUR), debt and correlated data. This indicator is defined as the 

net borrowing/lending of the government or the public sector in accordance with 

European accounting standards (the Maastricht Treaty).  

X7 - HICP - Harmonized Consumer Price Index - is the indicator of inflation rate and 

price stability of the European Central Bank. HICP is calculated as a weighted 

average of the price index of the member states in Euro zone. The primary goal of 
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the European Central Bank is to maintain price stability, which is defined as the 

growth maintenance of the HICP. Desirable values are below 2% in the middle 

term. This index is also used to determine the fulfilment of convergence criteria 

related to the inflation. 

X8 - Electricity prices by type of user (EUR per kWh). This indicator represents the price 

of electricity that is charged to end users. 

X9 - Unemployment rate - Represents the participation of unemployed people in the 

total work force based on the definition of the International Labour Organization 

(ILO). The total work force is a sum of employed and unemployed people, who are 

actively looking for a job, and are aged between 17 and 74 years. 

The choice of indicators was made based on macroeconomic development 

indicators for 2017 available on the Eurostat website (Eurostat, 2018a). The selection 

of these nine indicators was subjective, conducted according to the available data 

and the significance of each indicator to the development of a country. Indicators 

are divided into two groups: economic and social. The order of inclusion and the 

number of indicators in the model represents a big problem for every researcher. In 

addition to that, all sciences are trying to illustrate and anticipate a large number of 

phenomena and further development based on a small number of indicators or 

samples. In order to minimize the subjectivism in the modelling process, Factor 

Analysis as a predecessor of method and distance is used. Specifically, factor 

analysis as an objective method, uses its algorithms and techniques to reduce the 

number of indicators and resume them to an optimal number. After the main factors 

formation, the method of I-distances to define the rank of countries according to the 

level of development is used. 

 

Reduction of the indicators list - Principal Components 

Analysis 
Although the Factor Analysis, and within it the Principal Components Analysis, 

emerged and developed in the context of psychology, it is basically a set of 

mathematical and statistical methods. Factor analysis belongs to a group of 

multivariate analysis techniques aimed at interdependence techniques. In these 

techniques all variable have the same status and enter the model equally i.e. there 

is no division between dependent and independent variable. Factor Analysis is a 

procedure used to reduce the original data space to a smaller number of 

dimensions. Factor analysis models are good precursors to I-distances models, as 

apart from providing an objective list of significance indicators, there are additional 

features of factor-based solutions. The aim of Factor Analysis is to identify a small 

number of indicators that are called factors. The point is to describe a great deal of 

information with smaller number of factors without losing any individual information. 

Formal tests for justifiability of application Factor analysis is Bartlett`s test of 

sphericity and Kaiser-Meyer-Olkin sample adequacy measure as the KMO statistic. 

Factor analysis does not make sense if the Bartlett’s test is not statistically significant. 

Below (Table 1) the results of Bartlett’s test and KMO statistics are shown. By 

analysing p-value (Sig.=0.000), it might be concluded that the zero hypothesis is 

rejected, which means that the analysis bay be continued. 

 

Table 1 KMO and Bartlett's Test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.478 

Bartlett's Test of Sphericity Approx. Chi-Square 251.799 

Df 36 

Sig. 0.000 
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The following table gives the key information on how many factors, the database 

(Table 2) was reduced. We have information in it, such as: eigenvalues of the factors, 

eigenvalues represented as percentages of the total explained variance and 

cumulative percentages. Data for all factors are shown in the first three columns 

(Initial Eigenvalues), while in the remaining three columns (Extraction Sums of 

Squared Loadings) data is shown only for those factors that meet the criteria to be 

retained (this characteristic value is over 1). 

The following table shows that the first factor explains 30.213% of the total 

variability of all 9 original variables, the second 20.342%, the third 18.355%, and the 

fourth 11.374%. It is important to emphasize that these four factors explain over 80% 

of total variability (which is enough to choose them as "representatives" of all original 

variables). 

 

Table 2 Total Variance Explained 

Component 

Initial Eigenvalues 
Extraction Sums of Squared 

Loadings 

Total 
% of 

Variance 

Cumulative 

% 
Total 

% of 

Variance 

Cumulative 

% 

1 GDP 2.719 30.213 30.213 2.719 30.213 30.213 

2 GDP per capita 1.831 20.342 50.555 1.831 20.342 50.555 

3 Export  1.652 18.355 68.910 1.652 18.355 68.910 

4 Import  1.024 11.374 80.284 1.024 11.374 80.284 

5 Public debt .796 8.845 89.129    

6 Deficit/surplus .585 6.503 95.632    

7 HICP .360 3.999 99.630    

8 Electricity prices .030 .336 99.966    

9 Unemployment rate .003 .034 100.000    

Extraction Method: Principal Component Analysis. 

Source: author's calculation in IBM SPSS Statistics 21.0 software. 

 

Figure 1 shows the Scree plot. On the horizontal axis, there are numbers of 

separated factors, and on the vertical axis, there are corresponding characteristic 

value. After the fourth factor, there is a gradual decline in characteristic values, so in 

the further analysis four factors may be considered.  
 

 
Figure 1 Scree plot 
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Finally, eigenvalues of rotated factors may be considered. Factor Analysis 

generates multiple solutions for the same data set. Each solution is one rotation. It is 

also important to mention that rotation retains the cumulative percentage of 

variations explained by selected factors, but the variability is allocated to the 

selected components or factors. Major changes in coefficients indicate that factors 

are easier to interpret. In general, rotation changes loads and the rotation table 

should give a clearer interpretation. Therefore, it is listed below (Table 3). 

 

Table 3 Selected components 
Rotated Component Matrixa 

 Component 

1 2 3 4 

Import .957    

Export .940    

Electricity prices .686 .206  -.167 

Public debt .111 .981   

GDP .106 .981   

GDP per capita .215  .822  

Deficit/surplus -.215 -.195 .754  

HICP    .908 

Unemployment rate  -.362 -.505 -.553 

Extraction Method: Principal Component Analysis.  

Rotation Method: Varimax with Kaiser Normalizationa 

a. Rotation converged in 5 iterations. 

Source: Author's calculation in IBM SPSS Statistics 21.0 software 

 

In order to give the names to the factors or choose the original variables most 

meritorious to enter our model (which has been done, because sometimes the 

researcher may apply "surrogate" variable instead of factor scoring, i.e. linear 

combinations, which means that each factor choose one original change that has 

the highest factor weight with that factor and in some way represents it (Soldić-

Aleksić, Krasavac, 2009), the previous table is very important. It is obvious that after 

factor rotation such a factor matrix is obtained where for each factor high values of 

factor weight can be distinguished, associated with a certain number of variables. 

Table 3 shows that the first factor is most correlated with the original "Import" variable, 

the second with the "Public debt" and "GDP" variables, the third factor is most 

correlated with the original variable "GDP per capita", the fourth factor is correlated 

with the original variable "HICP". So, these variables as indicators for ranking countries 

according to their level of development may be used.  

 

Classification of countries by the level of development 
List of countries based on calculated values of I-distance and 

Factor analysis 
The commitment to the I-distance model is encouraged by the fact that this model 

satisfies all conditions that are inherent in the nature of intervals or multi-dimensional 

development and which gives the possibility of further consideration by using 

normed I-distance, square I-distance and I-distance with grouped indicators. A 

global index, which would indicate the level of development of a country in one 

absolute way, cannot be constructed. But, what can be determined is the relative 

position of a country in relation to other countries in the observed assemblage. That 

is how the notion of "distance" between the two countries in relation to their 

economic development is created. Table 4 contains data with a list of countries from 

the observed assemblage, based on the calculated values of the synthetic 
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development indicator, i.e. the values of linear I-distance, with and without 

application of Factor Analysis. 

 

Table 4 The list of countries by the level of development 
Country I-distance I-distance and Factor Analysis 

EU-28 1 33 
Germany 2 1 
France 3 3 
Italy 4 5 
United Kingdom 5 2 
Netherlands 6 4 
Spain 7 7 
Belgium 8 6 
Poland 9 8 
Austria 10 9 
Switzerland 11 14 
Sweden 12 11 
Ireland 13 13 
Czech Republic 14 10 
Portugal 15 20 
Greece 16 23 
Denmark 17 16 
Hungary 18 15 
Island 19 22 
Norway 20 12 
Turkey 21 19 
Finland 22 21 
Slovakia 23 17 
Romania 24 18 
Slovenia 25 24 
Bulgaria 26 25 
Lithuania 27 26 
Croatia 28 28 
Luxemburg 29 27 
Latvia 30 30 
Estonia 31 29 
Cyprus 32 31 
Malta 33 32 

Source: author. 

 

Comparative analysis 
As we can see, differences in rankings between some countries are small and some 

are distinct. In addition, several countries have not changed their rank. If we 

disregard the rank of EU-28, Table 5 gives the following final ranking of countries by 

the level of development: 

 

Table 5 The final rank list by the level of development 

Country Final rank 

Germany 1 

France 2 

Italy 3 

United Kingdom 4 

Netherlands 5 

Spain 6 

Belgium 7 

Poland 8 

Austria 9 

Sweden 10 

Source: author. 
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Significant alterations occurred in the following countries: Greece (rank 16-23), 

Hungary (rank 18-25), Slovakia (rank 23 to 17), and Romania (rank 24-18). Most 

countries had minor changes, while in some countries (France, Spain, Ireland, 

Croatia, and Latvia) there was no change at all. 

 

Conclusions 
The level of countries development is a multidimensional problem, which is necessary 

to enlighten its multiple sides with the choice of suitable macroeconomic indicators. 

When choosing a development indicator, it is necessary to start with a wider list of 

possible indicators, which will then be subjected to the significance analysis in order 

to bring the initial list of indicators to an "optimal" measure. This analysis is, de facto, 

an analysis of the significance of the observed economies, i.e. a complex 

quantitative analysis of the total economic potential of the observed countries. 

The analysis has shown that the method of I-distance combined with factor 

analysis models leaves no possibility of subjective influence on the formation of the 

rank list, assuming that a set of indicators is known and that it has all the 

characteristics corresponding to the nature of the problem. Obtained rank list has 

shown that application of I-distance with and without "predecessor" method (in our 

case of factor analysis) gives the same rank list of countries according to the level of 

development. This is an excellent choice for economic policy makers (Governments) 

to focus their activities on the analysis of selected macroeconomic indicators. 

Likewise, I-distance is a method that (combined with factor analysis) gives the best 

rank based on the given indicators. 

However, none of the models provides a solution that has an essential, cardinal 

meaning, that could lead us to conclusion what the real difference between 

observed countries based on its application be. The application of these methods is 

therefore limited on creating of ranking lists of the level of countries development, 

which can guide us in their development level analysis. It is impossible to create 

unique and permanent classification of countries because macroeconomics 

possesses many indicators that in different countries and in different periods have 

different values and mutual influences. Each country is also exposed to some other 

influences, such as culture, tradition, habits, number and population structure, where 

two numerically equal macroeconomic indicators in two countries may have 

different meanings. 

One of many approaches to research has been used in this study, therefore the 

analysis can be extended, and further researches can be performed using other 

methods and approaches. 
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Abstract 
This paper presents empirical evidence on the validity of the Linder hypothesis in the 

case of Croatia. According to the Linder hypothesis, one of the new theories of 

international trade, countries with a similar level of income per capita should trade 

more. In order to investigate the trade pattern of Croatia's international trade, a 

panel regression model is formulated including 184 Croatia's import partner countries 

in the period from 2000 to 2016. The Linder effect was displayed and calculated 

using the Linder variable expressed as an absolute difference between GDP per 

capita of the importing and the exporting country. The cross-country panel 

regression model is estimated using Pooled OLS, Fixed and Random effects models. 

Results of the analysis have shown that the validity of the Linder hypothesis for 

Croatia cannot be accepted. Instead, the structure of Croatia's trade is in line with 

the gravity model of international trade. 
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Introduction  
Early economists asked fundamental questions why countries trade, what are the 

gains from trade and what determines patterns of international trade. Mercantilists 

believed that international trade is zero sum game where only exporting country has 

gains from trade at the expense of importing country. In that time international trade 

has not yet been recognized as mutually beneficial for all countries involved in the 

process of trade. Smith (1776) formulated a theory of absolute advantages. He 

recognized international trade as mutually beneficial for both countries involved in 

trade but could not explain trade pattern when one country has absolute 

advantages in production of all goods. Ricardo (1817) created the theory of 

comparative advantages which stated that country will specialize in production of 

good in which it have greater relative productivity of labour. Shortcoming of 
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classical theories of international trade was the restrictive assumption of labour as 

the only factor of production and explanation of patterns of international trade only 

from the supply side. Heckscher-Ohlin theory, Heckscher (1919) and Ohlin (1933), 

argue that relatively capital-abundant country will have comparative advantage 

and specialize in production and export of capital-intensive good while relatively 

labour-abundant country will have comparative advantage and specialize in 

production and export of labour-intensive good. In that framework international 

trade would happen between rich and poor country. Heckscher-Ohlin theory is 

arguably the most empirically tested theory of international trade, but empirical 

results do not give firmly support for this theory. According to Trefler (1995) the 

precision of this theory in explaining patterns of international trade is no greater than 

a coin toss. 

Leontief (1953) found paradox in the Heckscher-Ohlin theory while attempting to 

test it empirically on the data for United States. He found that United States 

specialized in exports of labour-intensive goods and import capital-intensive goods, 

which is contrary to the Heckscher-Ohlin theory. On the other side, Linder (1961) 

proposed a possible resolution of the Leontief paradox that questioned Heckscher-

Ohlin theory. He stressed the importance of demand side arguing that trade will 

happen between countries of similar demand structures. 

Goal of this paper is testing the validity of Linder hypothesis for Croatia using Linder 

variable representing absolute difference between trading partner countries gross 

domestic product per capita and gravity model of international trade. Hypothesis of 

the paper is: 

H1... “Croatia’s imports trade pattern complies to Linder hypothesis contrary to 

gravity model of international trade”. 

Hypothesis of the paper will be tested using cross-country panel regression analysis 

on the data for Croatia and its import partners from 2000 to 2016. Paper is structured 

and organized in six chapters. After the introduction second chapter elaborates 

theoretical aspects of Linder hypothesis. In the third chapter literature review is 

presented while methodology and data are explained in the fourth chapter. Fifth 

chapter displays empirical analysis, results and discussion. Final chapter exhibits 

concluding remarks. 

 

Theoretical aspects of Linder hypothesis 
Linder theory is demand-side oriented which is in the contrast with the supply-side 

oriented classical theories of international trade. Linder challenged Heckscher-Ohlin 

theory explaining that it ignored demand-related factors which are important in 

explaining patterns of international trade. His prediction is that the most of trade 

should occur between countries of similar demand structures and similar level of 

economic development. Linder coined his famous hypothesis (Linder, 1961) which 

stated that “the more similar the demand structure of the two countries the more 

intensive potentially is the trade between these two countries“. Linder theory is one 

of several „new“ theories, which have arisen after Leontief testing of Heckscher-Ohlin 

theory. Some of the rigid assumptions of the Heckscher-Ohlin theory have been 

questioned out. Other new theories of international trade include gravity model of 

international trade, Kravis availability theory, theory of intra-industry trade, product 

life-cycle theory and theory of competitive advantage. Linder variable representing 

Linder effect catches differences in per capita income between countries implying 

higher expected trade with smaller difference in national incomes. Per capita 

income is used as proxy for preferences. According to Linder domestic exporters will 

export to countries with similar trade preferences as domestic country (Kennedy, 
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McHugh, 1983). Heckscher-Ohlin theory assumed production and trade of capital-

intensive and labour-intensive products while Linder theory made a difference 

between primary and industrial (manufactured) goods. Pattern of trade in 

Heckscher-Ohlin theory considered trade between developed and developing 

countries (North-South trade) while Linder predicted that the most of trade will occur 

between developed countries (North-North trade). Critics of Linder theory argued 

that although Linder explained pattern of trade in manufactured products, he did 

not explain that trade can go in both ways (intra-industry trade). Furthermore, his 

theory was designed only for developed economies, but not for developing 

economies. 

 

Research overview 
Kennedy and McHugh (1980) examined Linder hypothesis for 14 countries in the 

years 1960 and 1975 using Pearson and Spearman correlation coefficients. The test 

was a one-tailed test of non-negative correlation versus negative correlation from 

which it was clear that there was absolutely no evidence of a Linder type effect in 

explaining trade patterns. The majority of the coefficients had the wrong signs. 

Kennedy and McHugh (1983) investigated Linder hypothesis for United States in the 

years 1963, 1970 and 1976 using one-digit SITC manufacturing data. The results gave 

no support to existence of Linder hypothesis and disapproved Heckscher-Ohlin 

theory of trade so authors instead of two competing theories suggested 

implementation of two rival theories into one general theory which would better 

explain trade patterns. In this way new theory would combine „supply“ and 

„demand“ sides of trade theories to better explain trade patterns. Arnon and 

Weinblatt (1998) tested Linder theory for trade between developed and developing 

countries. Contrary to economic theory of 1960's they prove validity of Linder 

hypothesis for both developed and developing countries. McPherson, Redfearn and 

Tieslau (2001) assayed the validity of Linder hypothesis for six East African countries. 

For five of them they found an evidence in support of the hypothesis except in the 

case of Tanzania. The analysis was important because Linder hypothesis was tested 

exclusively on developing countries and not developed ones. 

Choi (2002) tested Linder hypothesis for 63 countries in the period from 1970 to 

1992. The results of the analysis pointed to the conclusion of accepting Linder 

hypothesis. Values of Linder variable showed tendency in growth since 1990’s which 

can be attributed to process of globalization and trade liberalization. Bukhari et al. 

(2005) investigate the validity of Linder hypothesis for three South Asian countries, 

namely Bangladesh, India, and Pakistan. The empirical results of the fixed-effects 

panel data model pointed out to the conclusion that aforementioned developing 

countries trade intensively with countries of similar development level. Although this 

research was not applicated to all developing countries, it gives certain setting for 

testing the validity of Linder theory for entire developing world. 

In table 1 is presented literature review of empirical testings on the validity of 

Linder hypothesis. 
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Table 1 Literature review of empirical testings on Linder hypothesis 
Author (Year) Data Sample Methodology Research results 

Kennedy and 

McHugh (1980) 
1960 and 

1975 14 countries 
Pearson and 

Spearman 

correlations 
No evidence of Linder type effect 

Kennedy and 

McHugh (1983) 
1963, 1970, 

1976 United States Regression 

analysis 
No support for Linder hypothesis nor H-O 

theory 
Arnon and 

Weinblatt 

(1998) 
1991 35 countries Bilateral gravity 

trade model 
In favour of the Linder hypothesis for both 

developed and less developed countries 

McPherson, 

Redfearn and 

Tieslau (2001) 
1984-1992 

6 developing 

East African 

countries  

Cross-section 

time-series panel 

data 

An evidence of the Linder effect was 

found for 5 countries (Ethiopia, Kenya, 

Rwanda, Sudan and Uganda) 

Choi (2002) 1970, 1980, 

1990, 1992 63 countries Gravity type 

regression model 
A favourable result was obtained in 

support of the Linder hypothesis 

Bukhari et al. 

(2005) 1993-2002  Three South 

Asian countries  

Cross-section 

time-series panel 

data 

Strong evidence in favour of the Linder 

hypothesis for aforementioned three 

countries 

Bohman and 

Nilsson (2007) 2000 57 countries Income overlap 
The results support the Linder hypothesis 

with strongest results for differentiated 

products 

Haq and Meilke 

(2008) 1990-2000 

52 developed 

and 

developing 

countries 

OLS and Tobit 

estimation 
No evidence of Linder effect in 

differentiated agri-food product trade 

Hallak (2010) 1995 64 countries Sectoral OLS and 

ML estimates Support for the sectoral Linder hypothesis  

Rauh (2010) 2002-2007 Germany 
Panel data, 

country and time 

fixed effects  

Results reaffirm the Linder hypothesis for 

Germany in trade with other European 

countries 

Jian (2011) 2000-2009 China and EU 

countries 

Gravity model 

and panel data 

analysis 

Sign of the Linder hypothesis - countries 

trade more if the gap of per capita GDP 

between them is smaller 

Bo (2013) 2001-2010 
China and its 

fourteen 

trading partners 

Gravity model 

approach Linder hypothesis is supported 

Kahram (2014) 1992-2012 
Iran and its 

bilateral trading 

partners 

Fixed-Random 

effects model 

On the one side, for some groups the 

evidence of the Linder effect was not 

found. On the other side, in the low-

income country group, the effect is very 

strong and elastic 

Atabay (2015) 1996-2010 BRIC countries Gravity equation 

panel data  

Trade between BRIC countries is getting 

bigger over the years and the evidence 

of the Linder hypothesis between these 

countries has been found 

Steinbach 

(2015) 1995-2012 

152 countries, 

737 agricultural 

and food 

products 

Sectoral gravity 

equation 

Similar aggregate preferences are 

important determinant of bilateral export 

trade in agricultural and food products - 

evidence in support of Linder hypothesis 

Niem (2016) 1994-2004 

China's 

cosmetic 

industry and its 

14 

representative 

trading partners 

OLS fixed effects Empirical tests support the Linder 

hypothesis 

Source: Authors’ collection. 

 

Bohman and Nilsson (2007) invented methodology which takes into account 

income overlap between countries when testing the Linder hypothesis. Instead of 

using difference between gross domestic product per capita as Linder variable, their 

model include distribution of income in countries. 

They identify common market between countries by calculating income overlap 

while Linder variable is formed in two ways; common market in relation to home 

market and absolute size of the market. They found positive effect of the Linder 

variables on export intensity supporting the Linder hypothesis. 
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Haq and Meilke (2008) tested Linder effect in differentiated agri-food product 

trade using generalized gravity equation. Linder variable was approximated as 

absolute difference between trading countries gross domestic product per capita 

and Balassa index. Data were available for the period between 1990 and 2000 on 

the sample of 52 countries. Hallak (2010) analysed Linder prediction of trade on a 

sectoral level. He differentiated between high quality goods and low quality goods 

and three sectoral categories. He failed to provide support for Linder effect using 

gravity model on data for 64 countries in the year1995. When analysis was 

conducted on a sectoral level the results were in favour of Linder hypothesis. Rauh 

(2010) inspected trade pattern between Germany and European Union countries in 

the period from 2002 to 2007. He used panel data regression model with time and 

country-fixed effects. Results affirmed the Linder hypothesis indicating Germany’s 

orientation on exports to EU countries with similar demand structures. Jian (2011) 

investigated the Linder hypothesis for China and EU and came to the conclusion 

that there is a sign of Linder effect. The smaller the gap of GDP per capita between 

China and EU member country, the bigger trade volume becomes. In his model, he 

also incorporated border effect, endowment and economic size. 

Bo (2013) checked Linder hypothesis in the case of China's bilateral trade with its 

trading partners on the trade data in the period 2001-2010. The fourteen countries 

that are used in this paper are countries with the highest trading value for China. 

Gravity model was applied in a panel regression analysis using explanatory variables 

gross domestic product, differential gross domestic product per capita, real 

exchange rate, population and distance. The conclusion of the analysis is that Linder 

hypothesis for China's bilateral trading volume is supported while fixed effects model 

performed better than random effects model. Kahram (2014) came to conclusion 

that the Linder effect is very strong for particular groups of study for bilateral trade of 

Iran, but is not the only factor that affected direction and trading volume of Iran. It is 

also strongly affected by political factors such as ideology of the Islamic Republic of 

Iran, international sanctions and economic factors such as differences in economic 

development between countries, geographical distance between them, common 

language and borders, etc. 

Atabay (2015) found an evidence of Linder hypothesis for BRIC (Brazil, Russia, India 

and China) countries on data from 1996 to 2010. Trade between these countries is 

getting bigger over the years and, according to author’s belief, BRIC countries have 

everything they need to become the biggest economies in the world. The novelty in 

this study is implementation of crisis dummy variable. Steinbach (2015), using a 

sample of 152 countries, tested the Linder hypothesis for bilateral trade in agricultural 

and food products. The paper, in which 737 agricultural and food products were 

taken in consideration, provided the little empirical evidence in support of the theory 

and showed that similar aggregate preferences are important determinant of 

bilateral export trade in agricultural and food products. Niem (2016) linked concepts 

of intra-industry trade and Linder hypothesis. He measured intra-industry trade levels 

using Grubel-Lloyd index. On the data for China's cosmetic industry on quality 

differenciated products and its 14 representative trading partners in the period from 

1994 to 2004 he came to the conclusion that there is an evidence of the Linder 

effect. 

 

Methodology and data 
In order to investigate trade pattern of Croatia's international trade, panel regression 

model is constructed including 184 Croatia's import partner countries in the period 

from 2000 to 2016. Panel regression analysis is used in order to take advantage of 
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cross-section and time-series property of data. All available data for imports are used 

including those where are no trade from exporting country to Croatia. Omitting 

these data would lead to biased results and therefore false conclusions about 

validity of Linder hypothesis in the case of Croatia. Imports are observed as total 

imports and imports of manufactured products. Manufactured imports are better 

suited to estimate the validity of Linder hypothesis as stated in original Linder paper. 

Dependant variable in regression is imports in Croatia while explanatory variables 

are Linder variable, gross domestic product, distance and dummy variables 

representing common border, EU and CEFTA membership. Alongside Linder variable, 

it can be noticed enrollment of the variables GDP, distance and common border 

describing gravity trade model. Gravity model is introduced by Dutch economist Jan 

Tinbergen in 1962 (Tinbergen, 1962). It explains the international trade similar to 

Newton's law of gravity. Trade is proportional to economic sizes of countries and 

inversely proportional to distance between them. Model is in linear form because 

log-log or log-linear model could not be made due to numerous zeros for non-trade 

between trading partners. In equation 1 is presented cross-country panel regression 

model: 
𝐼𝑚𝑝𝑜𝑟𝑡𝑠𝑖𝑗𝑡 =  𝛽0 + 𝛽1𝐿𝑖𝑛𝑑𝑒𝑟𝑖𝑗𝑡 + 𝛽2𝐺𝐷𝑃𝑗𝑡 + 𝛽3𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖𝑗𝑡

+ 𝛽4𝐶𝑜𝑚𝑚𝑜𝑛_𝐵𝑜𝑟𝑑𝑒𝑟_𝐷𝑢𝑚𝑚𝑦𝑖𝑗𝑡 + 𝛽5𝐸𝑈_𝐷𝑢𝑚𝑚𝑦𝑖𝑗𝑡

+ 𝛽6𝐶𝐸𝐹𝑇𝐴_𝐷𝑢𝑚𝑚𝑦𝑖𝑗𝑡 + 𝜀𝑖𝑗𝑡 
(1) 

where 𝐼𝑚𝑝𝑜𝑟𝑡𝑠𝑖𝑗𝑡- variable denoting imports to Croatia 𝑖 from country 𝑗 in the period 

from 2000 to 2016. Data for Croatia's total and merchandise trade are collected 

from the World Bank (2018b); 𝐿𝑖𝑛𝑑𝑒𝑟𝑖𝑗𝑡- variable representing absolute difference 

between exporting country 𝑗 GDP per capita and Croatia's GDP per capita. GDP 

per capita values are expressed in PPP current international dollars. In order to 

calculate Linder variable data for GDP per capita values for Croatia and exporting 
countries are provided from the World Bank (2018a); 𝐺𝐷𝑃𝑗𝑡- Gross Domestic Product 

country 𝑗 (in current US$). Data for GDP values can be found at World Bank (2018); 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖𝑗𝑡 - variable representing distance from Croatia's capital city Zagreb and 

exporting country 𝑗 capital city. Data for distance variable are provided from the 

DistanceFromTo (2018) and expressed in kilometres measured by air distance 
between capital cities; 𝐶𝑜𝑚𝑚𝑜𝑛_𝐵𝑜𝑟𝑑𝑒𝑟_𝐷𝑢𝑚𝑚𝑦𝑖𝑗𝑡 - dummy variable getting value 1 if 

Croatia has common border with country j . Croatia has common border with 5 

countries: Bosnia and Herzegovina, Hungary, Montenegro, Serbia and Slovenia; 
𝐸𝑈_𝐷𝑢𝑚𝑚𝑦𝑖𝑗𝑡 - dummy variable getting value 1 if Croatia and exporting country are 

both EU member countries. There are currently 28 European Union member countries 

as of May, 1 2018. Croatia became 28th European Union member country on July 

2013. Facts on EU enlargement process are available from European Commission 

(2018); 𝐶𝐸𝐹𝑇𝐴_𝐷𝑢𝑚𝑚𝑦𝑖𝑗𝑡 - dummy variable getting value 1 if Croatia and exporting 

country are CEFTA member countries. Croatia was CEFTA member country from 2003 

to 2013, CEFTA Secretariat (2018). 

Expected signs of regression are negative for Linder variable, distance and 

positive for gross domestic product, common border dummy, EU and CEFTA 

dummies. It is expected that higher value of gross domestic product is positively 

correlated with higher value of imports in Croatia. On the other side, smaller 

differences between gross domestic products per capita between Croatia and its 

partner countries (Linder variable) should be associated with higher value of imports 

in Croatia, according to Linder hypothesis. Larger distance between countries should 

be correlated with lower value of mutual trade between partner countries. Non-zero 

values of dummy variables (common border for Croatia's neighbour countries and 
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membership in regional economic integrations) should be associated with larger 

value of imports in Croatia. Cross-country panel regression model is conducted using 

pooled OLS (POLS), fixed effects (FE) and random effects (RE) models. Hausman test 

is used when making a decision about suitable model respectively to choose 

between fixed effects and random effects model. In order to rule out the near 

singular matrix (or dummy variable trap) in the estimation, dummy variables 

common_border dummy, EU and CEFTA dummy are excluded from the equation 

regression for fixed effects model. Those variables do not vary within cross-sections 

and are therefore not identified in a fixed effects specification. According to 

(Kahram, 2014) variable distance should also not be used in fixed effects model as it 

is time invariant. In addition, mixed fixed and random effects are not allowed for 

unbalanced data so they are not specified in the analysis. Main results and 

discussion of the paper are given below. 

 

Results and discussion 
In Table 2 are presented descriptive statistics of variables total imports, 

manufactured imports, Linder variable, gross domestic product (GDP), distance 

variable, common border dummy, EU and CEFTA dummies included in the panel 

regression analysis. 

 

Table 2 Descriptive statistics of variables 

Variable 
Total 

imports 

Manuf. 

imports 

Linder 

variable 
GDP Distance 

Common 

border 
EU CEFTA 

Mean  1.04E+08  72733253  13883.11  3.13E+11  5974.9  0.0329  0.0349  0.0158 

Median  647851  81539  11837.67  1.87E+10  5316.4  0  0  0 

Maximum  5.26E+09  4.03E+09  118356.0  1.86E+13  18259.9  1  1  1 

Minimum  0  0  22.33732  13196545  117.4  0  0  0 

Std. Dev.  3.89E+08  2.97E+08  11399.72  1.29E+12  4114.04  0.1785  0.1835  0.1248 

Skewness  6.473048  7.170135  2.937078  8.9853  0.6285  5.2313  5.0679  7.7562 

Kurtosis  52.91652  63.83129  16.79538  98.8287  2.9688  28.367  26.684  61.1589 

Jarque-Bera  342823  503560  28982.8  1225495  203.8507  97071.14  85560  467078 

Probability  0  0  0  0  0  0  0  0 

Sum  3.23E+11  2.25E+11  42954349  9.69E+14  18486355  102  108  49 

Sum Sq. Dev.  4.67E+20  2.72E+20  4.02E+11  5.17E+27  5.24E+10  98.6373  104.23  48.2239 

Obs. 3094 3094 3094 3094 3094 3094 3094 3094 

Source: Authors calculations 

 

In Table 3 is displayed cross-country panel regression model for total trade 

between Croatia and its partner countries. Panel is unbalanced with 3094 

observations included. Dependant variable is total import (import_all) while 

independent variables are Linder variable, gross domestic product, distance 

variable, common border, EU and CEFTA dummies.  

Panel regression model is estimated for pooled OLS, fixed and random effects 

model. Fixed effects model could not be specified for all independent variables, 

only for GDP and Linder variable, as reasoned in the methodology section. 

Statistically significant independent variables in the regression under 1 percent level 

of significance are GDP, distance, common border dummy, CEFTA and EU dummies 

for both POLS and RE models. In the fixed effects model variable GDP is again 

significant. All coefficients except coefficient for Linder variable are consistent with 

expected signs of regression. Linder variable is not significant in the regression 

indicating that Croatia did not prefer trade with countries of similar preference 

structures and equal level of economic development. Adjusted R-squared for POLS is 

0.34 meaning that the model is moderately well explained which is in the line with 

previous researches. In Figure 1 is presented scatter diagram which represents 
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relationship between total imports and GDP variable. It can be noticed that the 

relationship is positive; higher values of gross domestic products are correlated with 

higher imports values. 
 

Table 3 Cross-country panel regression for all goods 
Dependent variable IMPORTS_ALL Panel regression model  

Independent variables POLS FE RE 

Constant 
1.33E+08 

(9.859779) 

7.04E+07 

(7.911914) 

1.38E+08 

(3.599368) 

LINDER 
-415.6058 

(-0.825128) 

941.9113 

(1.553474) 

100.6547 

(0.175940) 

GDP 
8.90E-05*** 

(20.17322) 

6.66E-05*** 

(9.438025) 

6.83E-05*** 

(10.71319) 

Distance 
-14568.31*** 

(-9.891849) 
 

-15091.71*** 

(-2.992470) 

Common_Border_Dummy 
8.61E+08*** 

(25.45030) 
 

8.25E+08*** 

(7.053763) 

EU_Dummy 
3.53E+08*** 

(11.06789) 
 

1.64E+08*** 

(10.80979) 

CEFTA_Dummy 
-2.48E+08*** 

(-5.230207) 
 

55799673*** 

(2.356260) 

Adjusted R-squared 0.341739 0.878680 0.093649 

S.E. of regression 3.15E+08 1.40E+08 1.38E+09 

Prob. (F-statistic) 0.00000 0.00000 0.00000 

Mean dependent variable 1.04E+08 1.04E+08 12733182 

S.D. dependent variable 3.89E+08 3.89E+08 1.45E+09 

Akaike info criterion 41.97830 40.40478 

 Durbin -Watson 0.091375 0.442597 0.424298 

Observations 3094 3094 3094 

Correlated random effects (Hausman test) Chi-Sq. Statistic (2.410675) , Prob. (0.2996)  

Source: Authors' calculations. 
OLS show White heteroskedasticity, standard errors and covariances are consistent, t-statistics is presented in 

parentheses, *** significant at 1 percent, **significant at 5 percent and * significant at 10 percent level. 

 

 
Figure 1 Total imports vs GDP variable  

Source: Authors' calculations. 

 

In Figure 2 is presented scatter diagram for relationship between total imports and 

distance variable. Relationship is as expected negative indicating lower value of 

imports as distance between trading countries is larger. 
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Figure 2: Total imports vs distance variable 

Source: Authors' calculations 

 

In Table 4 is presented cross-country panel regression for trade in manufactured 

goods between Croatia and exporting countries. Linder hypothesis is originally 

formulated for manufactured goods so this modification in the regression model 

contributes in the positive way in estimation of the validity of the Linder hypothesis. 

 

Table 4 Cross-country panel regression for manufactured goods 
Dependent variable IMPORTS_MAN Panel regression model 

Independent variables POLS FE RE 

Constant 
76938892 

(7.351848) 

49280134 

(8.100681) 

94694492 

(3.157316) 

LINDER 
432.8292 

(1.103652) 

699.3433 

(1.687864) 

297.8475 

(0.747753) 

GDP 
7.32E-05*** 

(21.28987) 

4.39E-05*** 

(9.100660) 

4.67E-05*** 

(10.42843) 

Distance 
-9837.867*** 

(-8.579168) 
 

-10603.87*** 

(-2.663914) 

Common_Border_Dummy 
6.00E+08*** 

(22.77382) 
 

5.71E+08*** 

(6.188568) 

EU_Dummy 
2.57E+08*** 

(10.36300) 
 

87195816*** 

(8.332517) 

CEFTA_Dummy 
-1.96E+08*** 

(-5.310161) 
 

27353295* 

(1.675840) 

Adjusted R-squared 0.315351 0.896621 0.073256 

S.E. of regression 2.46E+08 95400404 94884317 

Prob. (F-statistic) 0.0000 0.0000 0.0000 

Mean dependent variable 72733253 72733253 77396471 

S.D. dependent variable 2.97E+08 98559915 98559916 

Akaike info criterion 41.47783 39.64330 

 Durbin -Watson 0.070433 0.437722 0.406988 

Observations 3094 3094 3094 

Correlated random effects (Hausman test) Chi-Sq. Statistic (4.474261) , Prob. (0.1068)  

Source: Authors' calculations. 
OLS show White heteroskedasticity, standard errors and covariances are consistent, t-statistics is presented in 

parentheses, *** significant at 1 percent, **significant at 5 percent and * significant at 10 percent level. 
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Results are similar with previous ones for total goods trade. The exception is CEFTA 

dummy variable which is significant under 10 percent of significance in RE model. 

Chi-Square statistics for Hausman test is 4.474261 with probability of 0.1068 indicating 

that random effects model is preferable over fixed effects model. According to null 

hypothesis preferred model is random effects model while alternative hypothesis 

chooses fixed effects model as suitable. In Figure 3 is presented scatter diagram for 

relationship between manufactured imports and Linder variable. It can be seen that 

imports did not depend on absolute difference between partner trading countries 

gross domestic product per capita.  

 

 
Figure 3: Manufactured imports vs Linder variable  

Source: Authors' calculations. 

 

It can be concluded that validity of Linder hypothesis cannot be accepted in the 

case of Croatia, instead pattern of trade is in the line with gravity model of 

international trade. Croatia imports relatively more from countries of larger 

economic size than countries of similar level of gross domestic product. Distance is 

also limiting factor that negatively affects volume of international trade. 

Limitation of the analysis can be attributed to the use of absolute difference 

measure of GDP per capita between trading countries as approximation for Linder 

effect. It diminishes in a certain way the impact of larger economic size on importing 

country. In addition to existing measures of Linder effect, such as overlapping 

demands and Balassa index, we suggest the usage of relative difference between 

gross domestic products between trading countries as approximation for Linder 

variable. It should have better performance than absolute difference but further 

investigations should be made taking into account different countries and different 

time periods. 

 

Conclusion 
Goal of this paper was to empirically investigate validity of Linder hypothesis in the 

case of Croatia. Linder prediction is that the most of trade should occur between 

countries of similar demand structures and similar level of economic development. 
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Dependant variable in regression was imports in Croatia while explanatory variables 

were Linder variable, gross domestic product, distance and dummy variables 

representing common border, EU and CEFTA membership. Panel regression model 

was estimated using pooled OLS, fixed and random effects model. According to 

Hausman test, random effects model was better suited to data. Linder variable was 

not significant in the regression indicating that Croatia did not prefer trade with 

countries of similar level of economic development and similar preference structures. 

Therefore, the validity of Linder hypothesis cannot be accepted in the case of 

Croatia. Structure of Croatian imports trade is more in the line with gravity model of 

international trade; higher value of partner country's GDP per capita increases 

mutual trade while distance between them diminishes it. Contribution of research is 

comprising explanation of pattern of trade between Croatia and its trading partners 

and adding to the existing literature about Linder hypothesis testings in developed 

and developing countries. This can be useful for country policy makers when making 

strategic long-term decisions about country trade policy. Limitation of the research is 

related to the use of absolute difference measure of GDP per capita between 

trading countries as approximation for Linder effect which diminishes the importance 

of economic size. 
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