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FACTOR ANALYSIS OF INTELLECTUAL POTENTIAL OF A REGION
The article provides an insight on the nature of the notions "intellectual potential of the

region", "structure of intellectual potential of the region", "analysis of intellectual potential of the

region". A factor analysis of the intellectual potential of Ukraine's regions based on the resource

and outcomes approaches is carried out. The correlation models for identification of the depend-

ence between the amount of gross regional product per capita and partial indicators of intellectual

potential of Ukraine's regions have been developed.
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ФАКТОРНИЙ АНАЛІЗ ІНТЕЛЕКТУАЛЬНОГО

ПОТЕНЦІАЛУ РЕГІОНУ
У статті розкрито сутність понять «інтелектуальний потенціал регіону»,

«структура інтелектуального потенціалу регіону», «аналіз інтелектуального потенціалу

регіону». Проведено факторний аналіз інтелектуального потенціалу регіонів України на

основі ресурсного та результатного підходів. Розроблено кореляційні моделі для виявлення

залежності між обсягом валового регіонального продукту на душу населення та

частковими показниками інтелектуального потенціалу регіонів України.

Ключові слова: інтелектуальний потенціал регіону, структура інтелектуального

потенціалу регіону, аналіз інтелектуального потенціалу регіону, факторний аналіз

інтелектуального потенціалу регіону.
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Юлия В. Махомет 
ФАКТОРНЫЙ АНАЛИЗ ИНТЕЛЕКТУАЛЬНОГО

ПОТЕНЦИАЛА РЕГИОНА
В статье раскрыта сущность понятий «интеллектуальный потенциал региона»,

«структура интеллектуального потенциала региона», «анализ интеллектуального

потенциала региона». Проведен факторный анализ интеллектуального потенциала

регионов Украины на основе ресурсного и результативного подходов. Разработаны

корреляционные модели для выявления зависимости между объемом валового

регионального продукта на душу населения и частичными показателями

интеллектуального потенциала регионов Украины.

Ключевые слова: интеллектуальный потенциал региона, структура интеллектуального

потенциала региона, анализ интеллектуального потенциала региона, факторный анализ

интеллектуального потенциала региона.

Problem setting. Under the conditions of intellectualization and informatization

of economy the driving force of successful socioeconomic reforms in different coun-

tries is the development of intellectual potential of these countries. Intellectual

potential becomes a strategic resource that determines the competitiveness of con-

temporary economic systems.

The variety of territorial combinations of intellectual resources, spatial hetero-

geneity of intellectual potential as well as differences in the structure, specialization

and the level of development of productive forces of individual territories enhances
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the need to investigate the intellectual potential in the regional context. One of the

important objectives of this study is carrying out a factor analysis that in future will

help to determine further directions of its development.

Latest research and publications analysis. In national and foreign literature there

are many fundamental works studying various aspects of intellectual activities and

intellectual potential. Issues related to intellectual potential are studied in the works

of O. Butnik-Siverskiy and A. Krasovska (2004), N. Havkalova and N. Markova

(2006), V. Heets (2003), O. Hrishnova (2006), S. Illyashenko (2008), B. Leontev

(2002), I. Moyseenko and M. Demchyshyn (2008), N. Ushenko (2008) and others.

A significant number of scientists, including I. Vahovych (2002), Z. Herasymchuk

and L. Kovalska (2003), M. Dolishniy (2003), etc. are engaged in the study of socioe-

conomic development of regions. They investigate the nature, evaluate the social and

economic development of regions and their economic potential etc.

Unresolved issues. It spite of the obvious value and significance of the mentioned

scientific researches, there are virtually no studies on the intellectual potential of

regions, the influence of intellectual potential on socioeconomic development of a

region, methodological approaches to its assessment, there is no standard developed

methodology of its assessment, factor analysis of intellectual potential has not been

conducted, the factors that affect and determine its level remain scarcely explored.

Thus, the lack of scientific and practical studies of certain problems and the growing

importance of intellectual potential in social and economic development of regions

creates the necessity to conduct a factor analysis of intellectual potential of a region.

The research objective is to conduct a factor analysis of the intellectual potential

of the regions of Ukraine and to develop correlation models to identify the relation-

ship between the volume of gross regional product per capita and partial indicators of

the intellectual potential of Ukraine's regions.

Key research findings. Before going directly to the factor analysis of intellectual

potential of the region, it is necessary to determine its economic contents and struc-

ture.

Under "intelligence" we mean a set of mental and cognitive abilities of a person

on which his/her ability to absorb information and create new knowledge is formed.

"Potential" means the possibilities of a subject to use resources effectively to achieve

goals. Under the term "region" we mean the administrative territorial unit of a coun-

try, which is characterized by integrity, unity, interrelation of components and differs

by its economic and geographical location, historical, cultural and ethnic character-

istics, complex of natural, human resources, logistical, financial, innovative and other

resources, specialization and structure of the economy. Thus, having defined the

nature of the components of this concept ("intelligence", "potential" and "region"),

let's formulate the definition of the term "intellectual potential of the region". Under

the intellectual potential of the region we mean potential possibilities of a region to

create, store and use effectively intellectual resources to ensure a high level of its

socioeconomic development. An important characteristic of  intellectual potential of

a region is its structure. Common understanding of the structure of intellectual

potential of a region has not formed been yet. Under the structure of intellectual

potential of a region we mean a set of components (subsystems), links and relation-

ships between them to ensure its functioning as a whole. Within the intellectual
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potential of a region we should distinguish the following basic components: human

potential, educational potential, scientific potential, innovation potential and infor-

mation and communication potential. The basis for these potentials is formed by

human, educational, scientific, technical, and information and communication

resources. Therefore, the research on the components of intellectual potential of a

region is closely related to the profound investigation of the components of intellec-

tual resources of a region.

Developing  a mechanism for increasing the intellectual potential of a region

must be preceded by the analysis and assessment of the level of intellectual potential.

Before the evaluation of intellectual potential of a region we must first conduct its fac-

tor analysis.

Under the analysis of intellectual potential of a region we understand the com-

plex, interrelated research of its components, determination of the fundamentals for

relationships and trends of its development in order to make effective management

decisions. To investigate the effects of intellectual potential on socioeconomic devel-

opment of a region we will conduct a factor analysis of the impact of intellectual

potential and its components upon the gross regional product per capita.

Based on the set of primary statistical data in 2010, presented by the State

Statistics Committee of Ukraine in annual statistics (State Statistics Service of

Ukraine, 2012), we will conduct a factor analysis of the intellectual potential of

Ukraine's regions according to the resource and outcomes approaches.

Preliminary analysis of the input data allows us make a conclusion about the

presence of the linear relationship between the selected economic indicators:

(1)

To identify the relationship between the volume of gross regional product per

capita (y) and partial indicators of intellectual potential in 27 territorial administra-

tive units we have built the correlation models by the following factors:

- according to the outcomes approach: available income of population per

capita (x1), the volume of services sales in the field of education per capita (x2), the

volume of scientific and technical works performed by organizations (companies)

staff per capita (x3), the volume of sales of innovative products that are new to the

market per capita (x4), the volume of services sales in the direction of activity in the

field of information and communication and mail activities per capita (x5).

- according to the resource approach: the number of population (x1); the rate

of natural increase (decrease) of population (per 1000 inhabitants) (x2), the level of

the economically active population (x3), the level of employed population (x4),

unemployment rate (x5), the coefficient of migration increase/decrease of population

(per 1000 of people) (x6), the load per one vacancy (x7), average month salaries

accrued to staff employees (x8), the level of availability of educational pre-school

institutions (x9); the level of availability of secondary educational institutions (x10),

the number of students in secondary schools per 10000 inhabitants (x11), the quanti-

ty of vocational educational institutions (x12), the number of students of vocational

educational institutions per 10000 inhabitants (x13), the quantity of higher educa-

tional institutions (I–IV accreditation levels) (x14), the number of students in higher
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educational institutions of I–IV accreditation levels per 10000 inhabitants (x15), the

proportion of people with higher education employed (x16), the proportion of people

with incomplete and basic higher education employed (x17), the level of personnel

training (x18), the level of developing the personnel skills (x19), the number of organ-

izations that carry out scientific and technical works per 1000 inhabitants (x20), the

proportion of specialists who carry out scientific and technical works (x21), the pro-

portion of highly qualified specialists (doctors, PhDs) employed in the economy of

Ukraine (x22), the proportion of expenditures on fundamental researches (x23), the

proportion of applied researches (x24), the proportion of expenditures on scientific

and technical works (x25), the proportion of expenditures on scientific and technical

services (x26), the level of support for innovatively active enterprises (x27), the level of

innovation expenditures (x28), the level of support with innovative products that are

new to the market (x29), the level of support for innovation products that are new to

the enterprise only (x30), the proportion of companies that have implemented inno-

vative products in the total number of innovatively active enterprises in the industry

(x31), the level of development of new products (x32), the level of implementation of

advanced technological processes (x33), providing the public with radiosets for audio

cable broadcasting (x34), the average daily amount of local broadcasting of public TV

(x35), the average daily amount of local broadcasting of public radio (x36), the level of

provision with newspapers and magazines (x37); the level of provision with mass (pub-

lic) libraries (x38), the book fund of mass (public) libraries (x39), the level of income

from mail and communication services per person (x40).

In constructing of the selected models let's calculate the pair correlation coeffi-

cients according to the outcomes and resource approaches. Pair correlation coeffi-

cients are used to measure the strength of linear relationship of different pairs of vari-

ables of a given set. It is taken into account that each pair of attributes is influenced by

the connections of all other attributes between themselves and the attributes of this pair. 

The indicators of closeness of connection between the attributes included in the

equation according to the effective approach are presented in Table 1.

Table 1. The matrix of pair correlation coefficients

(according to the outcomes approach)

These pair correlation coefficients indicate a relationship between the selected

factors.

Table 1 demonstrates that the gross regional product per capita is in direct strong

relationship with the level of available income of population per capita (x1), the vol-

ume of services sales in the field of education per capita (x2), the volume of scientif-
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  Y X1 X2 X3 X4 X5 
Y 1 0.97166761 0.871349073 0.87361497 0.40096233 0.862766 
X1   1 0.856380342 0.89040138 0.39810931 0.8849682 
X2     1 0.86827816 0.25630415 0.9385291 
X3       1 0.347793 0.88574 
X4         1 0.2654421 
X5           1 

Developed by the author. 
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ic and technical works performed by own forces of organizations (companies) per

capita (x3), the volume of services sales in the direction of activity in the field of infor-

mation and communication and mail activities per capita (x5). Insignificant relation-

ship the outcome variable shows with the volume of sales of innovative products that

are new to the market per capita (x4).

The indicators of closeness of the connection between the variables included in

the equation according to the resource approach are presented in Table 2.

From Table 2 it is clear that the gross regional product per capita is in direct

strong relationship with the level of average month salaries accrued to staff employ-

ees (x8), the level of availability of higher education of institutions (I–IV accredita-

tion levels) (x14), the number of students in higher educational institutions of

I–IV accreditation levels per 10000 inhabitants (x15), the number of organizations

that carry out scientific and technical works per 1000 people (x20), the proportion of

specialists who carry out scientific and technical works (x21), the proportion of high-

ly qualified specialists (doctors, PhDs) employed in the economy of Ukraine (x22),

the average daily amount of local broadcasting of public TV (x35),the average daily

amount of local broadcasting of public radio (x36), the level of providing with news-

papers and magazines (x37), the level of income from mail and communication serv-

ices for 1 inhabitant (x40).

As a result of processing these data we obtain the following correlation depen-

dences of the level of gross regional product per capita from the included into the

regression equation factors.

Definitions and criteria for the correlation and regression analyses according to

the outcome approach are presented in Table 3.

The coefficients show how much the average rate of the GRP per capita change

due to the change of the factors per unit for the fixed values of other factors that were

included in the model.

There has been such interpretations: an increase of available income of popula-

tion per capita per 1 UAH will cause the growth of GRP per capita in 2.3 UAH, the

volume of services sales in the field of education per capita – in 60.9 UAH. However,

the growth of volume of scientific and technical works performed by organizations

(companies) staff per capita and the volume of services sales in the field of informa-

tion and communication and mail activities per person at 1 UAH will cause a reduc-

tion of GRP per capita by 0.0001 UAH and 1.8 UAH accordingly.

An important indicator of the model is the elasticity coefficient.

Based on the calculated elasticity coefficient we can make the following conclu-

sions:

1) for the factor x1: E1 = 1.934. The increase of available income rate per capita

at 1% leads to the increase of GRP rate per capita at 1.934%.

2) for the factor x2: E2 = 0.192. The increase of services sales in the field of edu-

cation per capita by 1% leads to the increase of GRP rate per capita at 0.192%.

3) for the factor x3: E3 = -0.001. The increase of the volume of scientific and

technical works performed by organizations (companies) staff per capita at 1% leads

to the decrease of GRP rate per capita at 0.001%.
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4) for the factor x4: E4 = -0.091. The increase of the volume of services sales in

the field of information, communication and mail activities per capita at 1% leads to

the decrease of GRP rate per capita at 0.091%.

Table 3. Parameters and criteria for correlation and regression analyses

The main indicator of the tightness of correlation connection between the out-

come index y and all the independent variables                       as well as the degree of

closeness of the selected type of mathematical dependence to the sampled data is the

coefficient of multiple correlations and determination.

The selected factors significantly affect the GRP rate, because the multiple cor-

relation coefficient is equal to 0.978, indicating that the relationship between quanti-

tative variables and the outcome indicator is strong. Thus, we have built a regression

model that is adequate to the experimental data.

The coefficient of multiple determination is 0.956. Hence, 95.6% of the total

dispersion is explained by the dependence of the GRP of the factors included in the

model. Only 4,4% of the total dispersion cannot be explained by the dependence

obtained by us. Therefore, we can conclude that we have built the model which is sta-

tistically significant.

Testing the hypotheses of the constructed model significance is carried

out by the application of the Fisher F-test. For this let's posit the null hypothesis 

Since Fcalculated > Ftabular (687.8 > 3.01 – at the significance level P = 0.95), then

the hypothesis H0 has no correlation between the outcome and the factor variables is

rejected and the alternative to the hypothesis H1 about the existence of the correla-

tion is accepted. This is the first evidence of the adequacy of the constructed model

and the existence of a significant correlation between the dependent and independ-

ent variables.

To assess the significance of the multiple coefficient of determination, as in the

previous example, we use the statistics of the F-test.
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Parameters and 
criteria 

Parameters and criteria for correlation and regression analyses             
according to the outcomes approach 

available 
income of 

the 
population 
per capita 

Volume of 
services sales 
in the field of 
education per 

capita 

volume of scientific 
and technical works 
performed by own 

forces of organizations 
(companies) per capita 

volume of services sales 
in the field of 
information, 

communication and 
mail activities per 

capita 
The equation of 
multiple linear 

regression 
4321

x8308.1x0001.00.940x6x312.2-21115.742 −−++=y  

Coefficient of 
elasticity E1 = 1.934 E2 = 0.192 E2 = -0.001 E4 = -0.091 

Coefficient of 
determination 0.956 

Multiple 
correlation 
coefficient 

0.978 

Pair correlation 
coefficient 

yx1 yx2 yx3 yx4 
0.972 0.871 0.874 0.863 

Developed by the author. 

,),1( mjx j =

.0...: 210 ==== naaaH



Again, the hypothesis H0, which demonstrates there is no significant effect of

either of the explanatory variables included in the model on the dependent variable,

as Fcalculated > Ftabular (158.8 > 3.01). Therefore, the acceptance of the hypothesis H1

means that at least one of the explanatory variables (x1, x2, x3, x5) included in the

model, has a significant impact on the outcome index (y).

Multiple correlation coefficient, as mentioned previously, is a sampling feature,

so when checking the quality of the constructed model it is appropriate to assess its

significance. This assessment is based on the Student's t-statistics.

As the calculations show                                (21.8 > 2.063), H0 is rejected and H1

is accepted. In this case we can conclude about the importance of the multiple corre-

lation coefficient between the dependent and independent variables.

Parametres and criteria for the correlation and regression according to the

resource approach are given in Table 4.

Table 4. Parameters and criteria of correlation and regression

The given econometric model enables to make the following conclusions: the

increase of the average monthly wages of employees at 1 UAH will cause the growth

of the GRP per capita in 19.6 UAH; with the increase of the level of higher educa-

tional institutions availability (I–IV accreditation levels) per 1000 inhabitants, the

GRP per capita will decrease in 182914.8 UAH; with the increase of the number of
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criteria 

Parameters and criteria for correlation and regression                   
according to the resource approach 
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The equation of 
multiple linear 

regression 1098765
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x4.1x40.x8.61x7.40x1.24537x4.19152

60763.3xx9.10x8.182914x6.19-20584.9

++−+−+
+−+−+=y
 

Coefficient of 
elasticity 

E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 
1.948 -0.160 0.257 -0.074 0.160 -0.214 0.033 -0.041 0.039 0.059 

Coefficient of 
determination 0.944 

Multiple 
correlation 
coefficient 

0.971 

Pair correlation 
coefficient 

yx1 yx2 yx3 yx4 yx5 yx6 yx7 yx8 yx9 yx10 
0.943 0.738 0.842 0.791 0.878 0.828 0.826 0.852 0.860 0.853 

Developed by the author. 
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students in higher educational institutions of I–IV accreditation levels per unit per

10000 inhabitants, the GRP per capita will increase in 10.9 UAH; the increase of the

number of organizations that carry out scientific and technical works per unit per

1000 inhabitants will cause the decrease of GRP per capita in 60769.3 UAH; with the

increase of the proportion of specialists who perform scientific and technical work by

1%, the GRP per capita will increase in 21915.4 UAH; with the increase of the pro-

portion of highly qualified specialists (doctors, PhDs) employed in Ukrainian econ-

omy by 1%, the GRP per capita will reduced by 24537.1 UAH; with the increase of

average daily amount of local broadcasting of public TV by 1 hour, the GRP per capi-

ta will increase in 40.7 UAH; with the increase of average daily amount of local

broadcasting of public radio by 1 hour, the gross regional product per capita will

decrease by 61.8 UAH; with the increase of the level newspapers and magazines pro-

vision by one copy per 100 inhabitants, the GRP per capita will increase by 0.4 UAH;

with the increase of the level of income from mail and communication services per 1

person by 1 UAH, the gross regional product per capita will increase by 1.4 UAH.

Based on the calculated coefficients of elasticity we obtain the following conclu-

sions:

1) for the factor x1: E1 = 1.948. The growth of average month salaries accrued to

employees by 1% will lead to the increase of GRP per capita at 1.948%.

2) for the factor x2: E2 = -0.16. The increase of the level of the availability of

higher educational institutions (I–IV accreditation levels) per 1000 inhabitants by 1%

will lead to the decrease of GRP per capita at 0.160%.

3) for the factor x3: E3 = 0.257. The increase of the number of students in high-

er educational institutions of I–IV accreditation levels per 10000 inhabitants by 1%

will lead to the increase of the level of GRP per capita by 0.257%.

4) for the factor x4: E4 = –0.074. The increase of number of organizations that

perform scientific  and technical works per 1000 inhabitants by 1% will lead to the

decrease of gross regional product per capita by 0.074%.

5) for the factor x5: E15 = 0.160. The growth of the proportion of specialists who

perform scientific and technical works by 1% will lead to the increase of GRP per

capita by 0.160%.

6) for the factor x6: E6 = -0.214. The increase of the proportion of highly quali-

fied specialists (doctors, PhDs) employed in Ukrainian economy by 1% will lead to

the decrease of GRP per capita by 0.214%.

7) for the factor x7: E7 = 0.033. The increase of average daily amount of local

broadcasting of public TV by 1% will increase the level of gross regional product per

capita by 0.033%.

8) for factor x8: E8 = -0.041. The increase of average daily amount of local

broadcasting of public radio by 1% will reduce the level of GRP per capita by 0.041%.

9) for the factor x9: E9 = 0.039. The growth of the level of provision with news-

papers and magazines per 100 inhabitants by 1% will increase the level of GRP per

capita by 0.039%.

10) for the factor x10: E10 = 0.059. The growth of income from mail and com-

munication services per capita by 1% will lead to the growth of GRP per capita by

0.059%.
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The calculated coefficient of multiple determination indicates that 94.4% of the

total dispersion is explained by the dependence of the GRP per capita from the

selected factors to the model factors. Only 5.6% of the total dispersion cannot be

explained by the given dependence. It means that the constructed model is statisti-

cally significant.

In the process of diagnosis a relatively high multiple correlation coefficient is

received                          This suggests that the relationship between the dependent and

independent variables is close.

Testing the hypotheses about the constructed model significance is carried out by

the application of the Fisher F-test. This again let's posits the null hypothesis H0: a1

= a2 = 0.

Since Fcalculated > Ftabular (130.0 > 2.54 – at the significance level P = 0.95), then

the hypothesis H0 shows no correlation between the outcome and the factor variable

is rejected; the alternative to it hypothesis H1 on the existence of the link is accepted.

This is the first evidence on the adequacy of the constructed model and the existence

of a substantial correlation between the dependent and independent variables.

To assess the significance of the multiple coefficient determination, as in the pre-

vious case, we use the F-test.

Since Fcalculated > Ftabular (29.7 > 2.54), the acceptance of the hypothesis H1

means that at least one of the explanatory variables included in the model reveals a

significant impact on the outcome index.

To assess the significance of the correlation coefficient we use the Student t-sta-

tistics. Thus, our calculations show that                              (16.4 > 2.120), then we

reveal the rejection of the hypothesis H0 and the acceptance of the hypothesis H1. In

this case, we can conclude on the importance of the multiple correlation coefficient

between the dependent and independent variables.

The analysis of the intellectual potential of the region by its constituent elements

is the basis for its evaluation.

Conclusions. Having constructed the correlation models of the dependence

between the volume of GRP per capita and partial indicators of intellectual potential

of Ukraine's regions at 27 territorial administrative units according to the resource

and outcomes approaches we can conclude that the most effective reserves the

increasing for gross regional product level per capita are: according to the outcomes

approach – the growing of available income of the population and the volume of serv-

ices sales in the field of education, according to the resource approach – the increas-

ing of average month salaries of employees, the number of students in higher educa-

tional institutions of I–IV accreditation levels per 10000 inhabitants, the proportion

of specialists who carry out scientific and technical works, the average daily volume

of local broadcasting of public TV, the level of providing with newspapers and maga-

zines, the level of income from mail and communication services. 

Prospects for further research. Based on our factor analysis of the intellectual

potential of the region further researches should be focused on assessing the intellec-

tual potential of the region and the developing of its extension mechanism.
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