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1. Introduction
International trade is an integral part of the national economy 

of any country. Classics of economic theory have proved that ef-
fective international trade provides the country with economic 
growth and national prosperity. Thus, successful decision-ma
king in the field of international trade, both at the level of govern-
ments of the countries, and at the level of international organi-
sations, integration unions, etc., is a background for further de-
velopment of international trade in a balance of economic inte
rests of its participants. Current practice of decision-making in 
all spheres and types of economic activity is based on the use 
of the latest tools for making such decisions, in particular multi-
factor methods for analysing economic processes. 

International trade as a complex economic process on one 
hand and a complex phenomenon of global scale on the other 
hand is characterised by a complex correlation between eco
nomies of the countries [1]. Accordingly, when studying, eva
luating and analysing international trade at the level of specific 

countries or integration formations, there arises a problem of 
the optimal choice of a set of identifiers that can be used in 
modelling of such processes. The problem in the context of 
multifactor modelling requires development of specific mo
dels of international trade study based on the use of multifactor 
modelling alternative methods.

2. Brief Literature Review
Many works by prominent scientists such as A. B. Ber-

nard, S. J. Redding and P. K. Schott (2011) [2], P. Antràs 
and A. Costinot (2011) [3], L. Caliendo and E. Rossi-Hans-
berg  (2012)  [4], R. D. Ludema and A. M. Mayda (2013) [5], 
J. Caron, T. Fally and J. R. Markusen (2014) [6], H. Fan, Y.  A. Li 
and S. R. Yeaple (2015) [7], E. Jonathan, S. Kortum, B. Neiman 
and J. Romalis (2016) [8], G. Idrisov, V. Mau and A. Bozhech
kova  (2017)  [9], R. C. Johnson and G. Noguera (2017)  [10], 
F. Tintelnot (2017) [11], A. Rodrigo, A. Costinot and D. Donald-
son (2017) [12], G. I. O. Licandro (2018) [13], P. Mutrejaa, B. Ra-
vikumarb and M. Sposi (2018) [14], A. Cristiano (2019) [15] and 
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Fig. 1: Correlation matrix
Source: Compiled by the author with the use of STATISTICA 10

others are devoted to the research, evaluation, analysis and 
modelling of trade.

Also the use of multifactor modelling methods is widely used 
by researchers who trade. In particular, I. S. Marchenko   [16] 
explores the preconditions for the development of the foreign 
trade potential of Ukraine as one of the factors of competitive-
ness through multifactor cluster and factor analysis. O. R. Ma-
rets  [17] uses the method of multifactor regression to model the 
export and import of goods in Ukraine with major trading part-
ners from the EU countries on the example of foreign trade indi-
cators (export and import) of Ukraine and Germany. M. Yu. Bar-
na [18] uses a correlation-regression analysis to construct mul-
tifactor econometric models in order to determine the impact 
of the environment factors of institutional and transformatio
nal (image of the country in the international market, political si
tuation in the country, development of trade infrastructure, de-
velopment of transport infrastructure, development of sectoral 
information and communication networks, presence of unions 
and associations in the industry, number of economic entities in 
branch (wholesale and retail)), economic (macroeconomic situa-
tion in the country, stage of economic development of the coun-
try, state of competitiveness of the domestic and foreign com-
modity markets, quality of suppliers) and social (income level, 
population expenditure structure (consumer expenses), labour 
and free time of population) character on the domestic trade of 
Lviv region and Ukraine. B. Vahalík and M. Staníčková (2016) 
devoted their work [19] to identifying key factors of competitive-
ness of foreign trade through the use of factor analysis, as well 
as using cluster analysis to identify countries with similar cha
racteristics of competitiveness factors.

3. Identification of unexplored parts of the general 
problem 

Despite the depth of modern scientific study on the de-
velopment of international trade of the countries, imperfection 
of practice to construct specific models of international trade 
study on the basis of use of multifactor modelling alternative 
methods indicates the need for further study, evaluation and 
analysis of international trade at the level of specific countries 
in order to optimally select the set of identifiers that can be ap-
plied in modelling of the relevant processes.

4. The purpose of this study is to develop multifactor 
models for studying international trade by using factor, cluster 
and discriminant analyses to determine the quality of model 
results depending on the method used.

5. Results
Some indicators are used to determine the degree of 

economic development in the country, the most impor-
tant of which are GDP, exports, imports, foreign trade turn-
over, inflation, the level of unemployment, etc. Since one 
of the methods of calculation (final consumption method) 
of GDP is the sum of final consumption of goods and ser-
vices, gross capital forma-
tion and the balance of ex-
ports and imports of goods 
and services [20], we con-
sider it expedient to take 
into account indicators 
characterising final con-
sumption expenditure and 
gross formation of capi-
tal. It is known that econo
mic growth depends partly 
on the demographic situa-
tion in the country. There-
fore, we consider demo-
graphic indicators such as 
the population size of the 
country and migration. Al-
so, apart from exports and 
imports, we take into ac-
count the indicators of the 
economy openness, which 
characterise the country’s 
activity in the field of inter-
national trade [21].

To conduct the factor analysis, we selected the following 
variables:
X1 - GDP on market prices, EUR million; 
X2 - final consumption expenditure, EUR million; 
X3 - gross capital formation, EUR million; 
X4 - export of goods and services, EUR million; 
X5 - import of goods and services, EUR million; 
X6 - population size; 
X7 - balance, EUR million; 
X8 - foreign trade turnover, EUR million; 
X9 - export quota,%; 
X10 - import quota,%; 
X11 - foreign trade quota,%; 
X12 - emigration of population; 
X13 - immigration of population.

Our task is to combine a large number of indicators that 
characterise the country’s economic development by means of 
factor analysis into a smaller number of factors artificially con-
structed on their basis, so that the system of indicators (descri
bing sample data as well as output one) was more convenient in 
terms of meaningful interpretation. 

To conduct the factor analysis, we used Eurostat statistics 
from the 28 countries of EU as of 2016 [22] and the software 
STATISTICA 10 (module Factor analysis). 

When performing the factor analysis, we obtained the fol-
lowing correlation matrix (Figure 1).

As we can see from the correlation matrix, the variables 
X1 (GDP on market prices, EUR million), X2 (final consump-
tion expenditure, EUR million), X3 (gross capital formation, 
EUR million), X4 (exports of goods and services, EUR million), 
X5 (imports of goods and services, EUR million), X6 (popula-
tion size), X7 (balance, EUR million), X8 (foreign trade turno-
ver, EUR million), X9 (export quota,%), X10 (import quota,%), 
X11 (foreign trade quota,%), X12 (emigration of population), 
X13 (immigration of population) are also correlated.

Thus, on the basis of the correlation matrix, we can distin-
guish two relatively independent factors: one includes quan-
titative characteristics of the EU countries such as the popu-
lation size, taking into account emigration and immigration of 
population, GDP, final consumption expenditure, gross capital 
formation, the volume of export and import flows of goods and 
services, and, accordingly, foreign trade turnover; the second 
one includes relative indicators of the EU countries, namely the 
export quota, the import quota and the foreign trade quota.

Analysing the main components, we obtain a table with fac-
tor loadings, that is, the matrix of correlations between the va
riables and two factors (Figure 2). As we see in Figure 2, the first 
factor is more correlated with the variables than the second one.

In addition, factor loadings should be considered in the 
scatter plot (Figure 3). In this diagram, each variable is repre-
sented by a point.
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Fig. 2: Factor loadings
Source: Compiled by the author with 

the use of STATISTICA 10

Fig. 3: Scatter diagram
Source: Author’s own calculations by using STATISTICA 10

Fig. 4: Factor loadings 
after axes turnabout

Source: Compiled by the author with 
the use of STATISTICA 10

Fig. 5: Scatter diagram after axes turnabout
Source: Compiled by the author with the use of STATISTICA 10

For the correct interpretation of the obtained results, it is 
necessary to address to the axes turnabout in order to obtain 
a simple structure in which the most of the observations are 
close to the coordinate axe.

Thus, after turnabout we get a matrix of loadings for each fac-
tor in such a way that they differ as much as possible (Figure 4).

Now the obtained result can be clearly interpreted. As can 
be seen from Figure 4, the first factor is most often related to the 
variables X4, X5 and X8, and to a lesser extent to the variables 
X1, X2, X3 and X13, and the least to the variables X6 and X12. 
The second factor is closely related to the variables X9, X10 and 
X11. Thus, we have divided the variables into two groups.

After the axes turnabout let us look at the scatter diagram 
again (Figure 5).

In order to verify whether we have received the correct 
number of factors, we shall consider the graph of characte
ristic values (Figure 6). On the graph, we need to find a place 
where the decrease of characteristic values from the left to the 
right slows down the most. As we see in Figure 6, four or five 
factors can be left after conducting the analysis.

Consequently, while conducting the factor analysis, we se-
lected some indicators that characterise economic development, 
demographic situation and the main indicators of the internatio
nal trade intensity. According to the results of the analysis, all the 
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selected indicators were divided into two groups: the first group 
includes absolute indicators such as the population size, taking 
into account emigration and immigration of population, GDP, fi-
nal consumption expenditure, gross capital formation, the vo
lume of exports and imports of goods and services flows, and, 
accordingly, the foreign trade turnover, while the other group in-
cludes the relative indicators of the economy openness, cha
racterising the country’s activity in the field of international trade.

As we can see from the results of the factor analysis, 
many different indicators were included in Factor 1. Let us 
consider identifiers of this group in details. We apply another 
method of classification - discriminant analysis - in order to 
determine the specificity of impact 
of the indicators analysed above 
(isolated from the analysis), inclu
ded in Factor 1.

Since GDP is considered to be 
one of the most important indica-
tors of economic development, and 
final consumption and gross capi-
tal formation are its components 
(according to the end consump-
tion method), then, before con-
ducting discriminatory analysis, the 
EU countries should be divided into 
clusters according to quantitative 
indicators such as GDP, final con-
sumption expenditure and gross 
capital formation. To cluster the 
EU countries, we use the software 
product STATISTICA  10 and Euro-
stat statistics from the 28 EU coun-
tries as of 2016 [22].

On the basis of cluster modelling, 
we received 3 groups of EU countries 
that differ by GDP indicators, final 
consumption expenditure, and gross 
capital formation (the value of grou
ping mean variables is presented in 
Figure 7).

The countries forming each of the 
clusters, along with the distance to 
the corresponding cluster, are shown 
in Figures 8 - 10. 

To further conduct the discrimi-
nant analysis, we select variables 
that are also included in Factor 1, 
except those that became variables 
of grouping of the countries into 
clusters, i.e.: 
X4 - export of goods and services, 

EUR million; 
X5 - import of goods and services, 

EUR million; 
X6 - population size; 
X7 - balance, EUR million ; 
X12 - emigration of population; 
X13 - immigration of population.

We do not include the X8 varia-
ble in discriminant analysis, because 
it describes the total volume of ex-
ports and imports of goods and ser-
vices, i.e. (X4 + X5). However we 
take into account the division of 
the EU countries into three clusters 
(high, medium, low).

Our task is to classify countries 
on the basis of similar indicators.

Based on the results of the dis-
criminant analysis, we obtain a clas-
sification matrix (Figure 11), on the 
basis of which it can be concluded 
that the constructed model correct-
ly determines an expert assessment 
with an accuracy of 96.43%. At the 

same time, it is better to determine the assessment for groups 
of countries with high and low rates (100%), and worse - for 
the average indicators (80%).

The countries that were incorrectly assigned to the rele
vant groups can be seen through classification of cases 
(Figure 12). In the table of cases classification, the incorrectly 
assigned objects are indicated by a mark (*). Thus, the task of 
obtaining the correct samples is to exclude those objects that, 
by their indicators, do not correspond to most of the objects 
forming a homogeneous group.

As can be seen from Figure 12, in the table of cases clas-
sification there is the only one mark - on Sweden, which, by 

Fig. 6: Graph of characteristic values
Source: Compiled by the author with the use of STATISTICA 10

Fig. 7: The value of grouping mean variables in clusters
Source: Compiled by the author with the use of STATISTICA 10
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Fig. 8: EU countries - members of the first cluster
Source: Compiled by the author 
with the use of STATISTICA 10

Fig. 9: EU countries - members 
of the second cluster

Source: Compiled by the author 
with the use of STATISTICA 10

Fig. 10: EU countries - members 
of the third cluster

Source: Compiled by the author 
with the use of STATISTICA 10

Fig. 12: Cases classification
Source: Compiled by the author with the use of STATISTICA 10

Fig. 11: Classification matrix
Source: Compiled by the author with the use of STATISTICA 10

means of cluster analysis (conducted on the basis of GDP, 
final consumption expenditure and gross capital formation), 
was assigned to the medium group. Taking into account other 
factors such as the population size, emigration and immigra-
tion of population, as well as the volume of exports and im-
ports of goods and services, it should be assigned into the 
third low group.

According to the selected factors, the rest of the countries 
are classified correctly.

To see how the variables divide the two sets, discrimi-
nant functions are calculated (Figure 13). 

The significance of the functions resulting from the analy-
sis is verified by using the χ-square criterion (Figure 14)

We can see that the first discriminant function is statisti-
cally significant (the actual value is 31.51467) and most loa
ded with the figures X4 (3.10), X12 (2.76), and also with the 
figures X5 (-3.58) and X6 (-2.21), but with the opposite signs. 
The second discriminant function, although insignificant, is 
well marked with X12 (2.31) and X13 (-2.09).

Fig. 13: Output coefficients of discriminant functions
Source: Compiled by the author with the use of STATISTICA 10
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Fig. 15: Scatter diagram of canonical figures pairs of values 
discriminant function 1 and 2

Source: Calculated by the author with the use of STATISTICA 10

Fig. 14: Checking the statistical significance of discriminatory functions
Source: Compiled by the author with the use of STATISTICA 10

Consequently, such factors as exports 
and imports of goods and services, the popu-
lation size and emigration of population have 
direct significant impact on the country’s eco-
nomic development, namely on GDP, final 
consumption expenditure and gross capital 
formation. The results of the discriminant ana
lysis are graphically represented (Figure 15). 
This scatter diagram shows the correlation 
between the variables inside the sets. 

6. Conclusions 
We have developed a scientific approach 

to the study of international trade based on 
a combination of cluster, factor and discri-
minant analyses and a set of indicators cha
racterising economic development, demogra
phic situation and foreign trade of the coun-
tries and their interconnection, which makes 
it possible to determine the specifics of inf
luence of the selected factors on the volume 
of export-import transactions and suggest a 
set of identifiers that can be used in model-
ling of these processes.

Based on the results of the factor analysis, 
the indicators are grouped with regard to their 
influence. With the help of cluster modelling, 
the EU countries were grouped according to 
quantitative indicators such as GDP, final con-
sumption expenditure and gross capital for-
mation. It has been proven that exports and 
imports of goods and services, the popula-
tion size and emigration have direct impact on 
the economic development. The discriminant 
analysis enabled us to interpret the results on 
importance of the selected factors and proved 
that in order to analyse the international trade, 
it is necessary to use a large number of statis-
tical indicators.

Further identification of the set of indica-
tors should be more detailed, depending on 
the purpose of the international trade study.
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