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Maryna S. Pashkevych', Olena Yu. Churikanova’
SYMBOL COGNITIVE MAP FOR SCIENTIFIC AND TECHNICAL
DEVELOPMENT OF REGIONS

The paper focuses on the necessity of considering the degree of association between the factors
that affect the level of scientific and technological development of regions when classifying them by
this feature. It justifies the use of the cognitive approach to achieve the task. The group of factors
(concepts), influencing the level of scientific and technological development of regions, was deter-
mined. The authors analyzed the impact of each factor on the scientific and technological develop-
ment of regions, the impact between factors and determined its place in the overall circuit of con-
cepts. The symbol cognitive map of regions’ scientific and technical development is presented.
Keywords: regional typology; cognitive approach; scientific and technological development of a
region; cognitive map.
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Mapuna C. ITamkesmy, Onena 0. Uypikanosa
3HAKOBA KOTHITUBHA KAPTA HAYKOBO-TEXHIYHOI'O
PO3BUTKY PETIOHY

Y cmammi eupiwerno npob.aemy munoaozizauii pe2ionis 3a pieHem HAYK060-MEXHIUHO20 PO3-
GUMIKY, W0 00380.151€ 6PAX0BYEANIU CIYNIHb 36 3Ky Midc (haKmopamu, AKi 6NAUCAIOMb HA PO36U-
mok. O0TpyHmMo8ano 00pe4Hicms 3acMoCy8anHs KOHIMUGHO20 Ni0X00y 00 00CAZHEHH NOCMAg-
aenoi 3adaui. Buodiaeno epyny paxmopie (xonuenmie), o énaueaioms Ha piéeHb HAYK080-mex-
HIYH020 PO36UMIKY Pe2iOHY Ma 6CIMAH06AEHO 36 °A3Ku mixc Humu. Buznaueno micue koxcnozo pax-
mopy 6 3a2aibHOMY AAHUI03I Konuenmie. Po3pob6.aeno 3naxo8y KoZHIMuUGHY Kapmy munoao2izauii
pecionie 3a pieneM HAYKOBO-MEXHIMHO20 PO3GUIMNK).

Karouosi caosa: munonoeizayis pecionie; KoeHimueHuil nioxio; HayK080-mexHiMHUI pO36UMOK
peciony; KoeHImueHa Kapma.
Puc. 1. Jlim. 10.
Mapuna C. ITamkesmy, Onena 0. Uypikanosa
3HAKOBASI KOTHUTUBHAS KAPTA HAYYHO-TEXHUYECKOTIO
PA3BBUTUA PETMOHA

B cmamue pewena npobaema munoaoeuzayuu pecuoros no yposHio HAYHHO-MEeXHUHECK020
Pazeumusi, Mo no3604sem y4umoleéams CImenens césa3u mexcoy axmopamu, Ausouumu Ha
pazeumue. OGocHo6ana ue1ecoo6pa3HOCHb NPUMEHEHUS KOZHUMUGHO20 100X00a 0451 00CHuice-
Hus nocmaegaennol 3adauu. Bvideaena epynna gpaxmopoé (Konuenmos), 6AusOWUX HA YPOGEHD
HAYYHO-MEXHUYEeCK020 PA36UMUsL PecUOHA U YCIMAH06AeHbl c6s3u mexcdy numu. Onpedeaero
Mmecmo Kaxcdoeo ghaxmopa 6 obweli yenu xonuenmos. Ilpedcmasaena 3naKo6as KoCHUMUGHAS
Kapma munoi02u3auuu pecuoHos no ypoGHIo ux Hay4Ho-mexHu1ecKo20 pa3eumust.

Karouesvie caosa: munonoeusayusi pecuoHos8; KOSHUMUGHbII N00X00; HAYYHO-MEeXHU1ecKoe pas-
sumue pecuoHa; KOCHUMUBHAS Kapma.

Problem setting. The most pressing problem in regions today is grounding mana-
gerial decisions on the priorities in regional development. In this respect the classifica-
tion of regions as management objects serves as a method of solving regional problems.

Regional typologies take a great number of approaches. The approaches mainly
differ by the set of factors selected to consider a region of a particular type. When we
analyze region as a complex system, not only the values of quantitative indicators of
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regions’ development effectiveness matter but also the degree of association between
them.

Taking into account the degree of association between indicators becomes pos-
sible through the use of cognitive approach.

Recent research and publications analysis. Cognitive regional economics is one of
the promising areas of cognitive science development. The object of cognitive region-
al economics is the study of the processes of evaluation, selection and decision-mak-
ing in economic activity; and explanation of the nature of the evolution of organiza-
tions and social institutions in terms of structural uncertainty. We should mention the
following studies dedicated to the use of cognitive technologies in economy:
J. Keynes (1920), F. Hayek (1945), G. Stigler (1998), P. Thagard (2005), D. Ross
(2007), R. Topol and B. Walliser (2007), B. Walliser (2008), A. Kulinich (2010).

The research objective. The objects of the research are the indicators of scienti-
fic and technological development of regions. The objective of the research is to
establish a set of indicators representing scientific and technical development of
regions, determining the relationship between them and designing a cognitive map.

Key research findings. Application of cognitive approach is one of the most pro-
ductive ways to solve the task at hand. The cognitive approach is relevant when the
object of management and its environment appear to be a complex of difficult
processes and factors affecting each other. Cognitive modelling methodology is also
relevant to analysis and decision-making under uncertainty. The system of "region"
can be considered too complex and unstable to use ordinary methods of analysis
(Walliser, 2008; Kulinich, 2010).

Cognitive analysis is considered to be one of the most powerful tools for study-
ing the unstable and semistructured environment. It contributes to better under-
standing of the problems existing in the environment, identifying contradictions and
qualitative analysis of processes. The use of cognitive models enhances the validity of
management decisions in a challenging quick-changing environment and releases the
expert from "wandering", saving time for comprehension and interpretation of events
that occur in the system (Primakov, 2004).

The "Scientific and Technological Development of a Region" superconcept co-
vers 12 concepts. They are: Gross Regional Product (GRP); sales of innovative pro-
ducts; quantity of innovative products sold abroad; share of innovative products in the
total exports; share of innovative products in industrial products sales; number of
patents; learning new trades; continuing professional development; share of employ-
ees with higher academic degrees in scientific organizations; R&D funding; R&D
funding per employee; R&D intramural expenditures.

The task at hand is to make the cognitive map that should reflect the links
between these concepts. Before we show the links between the concepts on the cog-
nitive map, let us consider them separately in terms of impact on scientific and tech-
nological development of a region.

1. Sales of innovative products. As mentioned above, innovations become the main
priority in today’s economy. Effectiveness of innovative processes taking place in the
country is reflected in the indicator of innovative products sales volume. It is the inno-
vative product sold by each separate company which guarantees its competitiveness at
domestic and international markets and is the basic prerequisite for maximizing profits.
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Thus, on the cognitive map of "Scientific and Technological Development of a Region”,
the concept of innovative products sales takes up the central position affecting GRP.

2. The quantity of innovative products sold abroad. Nowadays, innovative deve-
lopment of countries at the world market is commonly estimated by the Global
Competitiveness Index. The quantity of innovative products exported by a country is
among the figures taken into account while calculating the index. It is the quantity of
innovative products sold abroad which measures the technological development of
regions and country as a whole at the global market. Within "Scientific and
Technological Development of a Region" this concept is resulting, but its level
depends on the concepts described below.

3. Share of innovative products in total exports. This concept is close to the pre-
vious one. The only difference between them is that the previous shows the total
amount of innovative products exported by a country and this indicator shows how
innovative are the exported products.

4. Share of innovative products in industrial products sales. Provided that scien-
tific and technological development of Ukrainian regions is funded mainly at the
expense of industrial enterprises, the industrial sector is considered to be the most
innovative. That is why this concept shows the level of innovation by regions. So we
associate this concept with the number of patents and sales of innovative products on
the cognitive map.

5. Number of patents. This concept affects the previous 4 because each innova-
tive product must be patented. The concept of sales of innovative products has a direct
connection to the number of patents. The number of patents obtained, in turn, is
affected by the group of concepts stated below.

6. Learning new trades. It is one of the factors contributing to scientific and
technological development of regions by the improvement of not only socioeconom-
ic indicators of a region, but also science and technology. The concept of learning
new trades contributes to the ability of employees and organizations to promote inno-
vative processes through the development of inventions and obtaining patents.

7. Continuing professional development. Continuing professional education of
employees of industrial companies and organizations increase the scientific and tech-
nical level of processes they are involved in. As with learning new trades, continuing
professional development increases the number of patents and raises productivity.

8. Share of employees with higher academic degrees in scientific organizations.
Considering the total number of scientific developments in the country we can see
that most of them are performed in research institutions by employees with degrees.
That is why this concept proves to be the factor that directly influences innovations in
a region and its scientific and technological development.

9. R&D funding. This is obvious that whatever are the human resources of the
country, financial element is always the most important one for scientific and tech-
nological development.

10. R&D funding per employee. If the previous concept determines the volume
of total funding for research and development, this indicator encourages human
potential to contribute to it. So this concept has a direct connection with learning
new trades, share of employees with higher academic degrees and continuing profes-
sional development.
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11. R&D intramural expenditures. As mentioned above, R&D activities in
organizations are usually funded at own expense so the weight of this concept is very
high. In the "Scientific and Technological Development of a Region" this concept is
connected with R&D funding per employee and through it — with learning new
trades, continuing professional development and the share of employees with higher
academic degrees.

12. Gross Regional Product (GRP). Innovative development of regions of a
country is mainly based on the achievements of science and engineering. Innovative
development is the most important element in contemporary civilization. Today’s
economy cannot be imagined without its innovative component. It has become the
basis for developed countries and some developing countries. The feature of new
innovative economy is that the process of distribution, creation and implementation
of new knowledge is decisive in shaping the strategies of territorial development,
which provides a proper combination of economic, social and natural components
for harmonious development of regions. It should be highlighted that the sector that
produces knowledge and converts it into products consumed by people is growing
with outstripping growth rate. Thus, the volume of the world market of high-tech
products in 2006 was 3.3 trln USD, and by 2020 it may reach 10 trln USD (Primakov,
2004; Chulok, 2006).
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Figure 1. Symbol Cognitive map "Scientific and Technological Development
of a Region™, developed by the authors
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The analysis of items within the "Scientific and Technological Development of a
Region" resulted in the cognitive map formations presented in Figure 1. On the sym-
bol cognitive map the relation between two factors is marked with "+" when an
increase in one factor causes an increase in the other, or when a decrease in one fac-
tor leads to a decrease in the other. The relation between two factors is marked with
"-"when an increase in one factor leads to a decrease in the other, or when a decrease
in one factor leads to an increase in the other.

This cognitive map provides visual representation of the relationships between
the concepts that influence the level of region’s industrial development. In addition,
the map shows the circuits that may be affected in order to achieve the required
change in a particular factor. At the next stage of application of the cognitive map of
regional industrial development we should build the balanced cognitive map, where
the links between the concepts have numerical expression of the degree of connection
in the range from 0 to 1. The weighted cognitive map should be made for each sepa-
rate region based on its performance. It may allow not only assessing the relationships
between the concepts in a region but also identifying the ways of organizational and
economic interventions in chains with weak cognitive connections.

Basing on the results of the study the following conclusions were made:

1. A region of a country as a management object can be considered too complex
and unstable to use ordinary methods of analysis.

2. The cognitive approach application is an effective way to analyze regions and
classify them by the level of development basing on the degree of connection between
factors (concepts).

3. The cognitive map of regional typology by the level of scientific and technical
development allows:

- identifying weaknesses in each region of a country, in order to establish effi-
cient operation of the entire system;

- effective economic and organizational decision-making concerning regional
development;

- increasing the effectiveness of measures aimed at the development of all
spheres of a region, because in a system with strong relationships between all circuits
the measures implemented may have faster and better effects.
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