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Abstract: Under globalization conditions, the main priority of the state education policy in many
countries of the world is to ensure higher education quality. This is possible through close and
efficient cooperation between the state, higher education institutions, future specialists, employers
and innovative structures (clusters). This study focuses on the development of indicators that can
comprehensively assess the effectiveness of regional innovation clusters in the higher education
system. The main attention is given to the analysis of innovations, business, education development
and competitiveness, as indicators of the effectiveness of regional innovation clusters in the higher
education system. The following methods have been used within the research: content analysis,
statistical, correlation and regression analysis, econometric modeling and the graphical method.
As a result of the research, indicators of the effectiveness of regional innovation clusters have been
identified and the impact of these indicators on the higher education system has been evaluated.
The authors have shown that there is a close relationship between the level of development of
regional innovation clusters, indicators of business and innovations development, and the level of
competitiveness. The direct impact of those on the higher education system has been established and
confirmed by the provided calculations.

Keywords: higher education system; innovation clusters; competitiveness; quality; effectiveness
indicators; educational technologies; professional development; internationalization of
higher education

1. Introduction

One of the sustainable development goals adopted at the 2015 UN Summit is to provide an
inclusive, equitable, quality education and to promote the lifelong learning. One of the steps
towards achieving this goal is the collaboration of regional innovation clusters (RICs) with the higher
education system (HES). The analysis of world experience shows that by means of higher education
internationalization, the involvement of RICs in the scientific and educational space contributes
to enhancement of graduates” employability, improving their mobility in the world labor market,
and increasing the quality of higher education.

For many countries, higher education quality is one of the most important strategic factors of
economic development. Particularly important is the solution to the problem of improving the higher
education quality that arises in the context of the information society’s development, where the
intellectual component of the population is the key. The HES can be considered reproducible for any
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country, since investing in it within the current period brings future effects [1-9]. Therefore, improving
higher education quality is an urgent issue for every country.

It should be noted that higher education institutions” (HEIs’) interaction with RICs plays an
important role in their activities. Current trends indicate the need for close interaction between
innovation structures, HEIs and the scientific community. International experience in managing
innovative, scientific and technical development of regions shows that at this level, the processes of
synthesis of scientific, industrial, economic and social policy in the form of innovation clusters is taking
place [10-14]. The purpose of their operation is to create and maintain a favorable environment for the
active use of innovations.

Some research [15] devoted to the discussion and assessment of higher education quality propose
a set of innovative generic key performance indicators which provide valuable insights into improving
teaching, learning and assessment and will eventually lead to sustainable curricula. At the same time,
correlation with the RICs” development level was not considered. Other research [16] emphasized that
sustainable development becomes incorporated into the HEIs” systems and sustainable assessment
tools have been used to determine the impact of HEIs on sustainable development.

The authors of [17] substantiate the concept and methodology of performance management in
the post-Soviet transformation of higher education. The mechanism of using re-engineering and
motivational management in the process of realization of the goals of European integration in university
education in Ukraine is offered.

Still other research [18] is devoted to the study of the contribution of higher education and
technological innovations, which are two important factors influencing economic growth. The authors
of [19] consider the analysis of different cases from Europe and Latin America to synthesize the model
of management of technology and innovation. Conceptually, the model focuses on competencies,
tools, skills and behavior. From this knowledge base, we obtain a new model of learning for higher
education, using an organizational framework.

Taking into account the significant contribution of the above given research, it should be noted
that today the issue of the impact of RICs on the higher education system remains insufficiently studied.
In particular, the lack of clear criteria, namely, formalized indicators that would allow a comprehensive
assessment of the RICs’ effectiveness in HES, does not provide evidence of the positive impact of such
clusters. In this regard, the issue of developing indicators that would assess the effectiveness of RICs
in higher education is relevant.

Therefore, the aim of the article is to determine indicators for evaluating and monitoring the
effectiveness of regional innovation clusters and to assess their impact on the higher education system.

The article has the following structure. Section 2 continues the Introduction with the basic
definitions and review of concepts related to regional innovation clusters, higher education and
competitiveness. Section 3 describes the methodology for assessment of the impact of regional
innovation clusters on the higher education system and presents statistics data for calculations.
Section 4 is devoted to calculations and evaluation of research results; there is a description and
comparison of key indicators, and graphs for visual interpretation of calculation results. Section 5 is
devoted to the justification of the relationships between the given indicators, conclusions and proposals
for further research.

2. Basic Definitions and Considerations

It is necessary to provide some clarifications regarding the main definitions related to the research
before proceeding to the analysis and evaluation of appropriate indicators.

J. Simmie, J. Sennett and Wood P. point out [20] that an innovation cluster is a large number of
related industrial and/or service companies that have a high level of collaboration, usually across the
supply chain, and operate under the same market conditions.
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S. Engel argues that innovation clusters are global “hotspots” of the economy, where new
technologies advance at a staggering speed, and where capital, experience and talent help to develop
new industries and new ways of doing business [21].

According to [22], an innovation cluster is an association bringing together universities, science
and technology for education and research in the field of innovation.

Ya.B. Yanchenko [23] states that an innovation cluster is a structure with a significant (in comparison
with industrial and national indicators) share of innovative products, as well as innovative infrastructure,
which includes interaction of stakeholders of the regional innovation system (educational and
scientific institutions, R&D centers, technology transfer centers, business incubators, technoparks,
non-governmental organizations, financial institutes, cluster development centers, etc.).

In the opinion of some authors [24], RICs are associations and cooperation of scientific,
technological, production, financial, investment and other institutions (organizations, enterprises) with
the aim of agreeing on common interests securing an innovative interaction, implementation of the
latest technologies and innovative products at the regional level.

Higher education is the unity of systematized knowledge, skills, ways of thinking, professional,
world view and civic qualities, moral and ethical values, and other competences acquired in the
HEI (or scientific institution) in the relevant field of knowledge according to a specific qualification
in the higher education levels, that has a higher complexity than a general secondary education
level. The system of higher education comprises: (1) HEIs of any ownership; (2) levels and degrees
(qualifications) of higher education; (3) fields of knowledge and specialties; (4) educational and scientific
programs; (5) license conditions for conducting educational activities and license conditions for higher
education; (6) governing bodies in higher education; (7) participants of the educational process [25].

As K. Jonkers, R. Tijssen, A. Karvounaraki and X. Goenaga state, higher education competitiveness
appears in the formation of a competitive economy and increases the number of students who
successfully graduate from colleges and universities, and has a decisive value for the long-term
economic growth of the country [26].

J. Knight has formed a definition of internationalization as a purposeful process of giving higher
education an international, intercultural or global dimension in order to increase the quality of education
and science for all students and employees of HEIs, as well as making a significant contribution to the
life of society [27]. The definition of the term underlines that internationalization is not a goal itself,
but rather a mechanism of increasing the quality of higher education.

The majority of national strategies of internationalization, including the European ones, are aimed
at increasing the mobility, involvement and training of talented students and staff, increasing the
reputation and recognition of universities, points out A.V. Verbytska [28]. According to M. Porter,
K. Debackere, P. Andries, S. Breschi, F. Malerba, M. Muro, B. Katz, S. Tallman, M. Jenkins, N. Henry,
S. Pinch, A. Turrd, D. Urbano, M. Peris-Ortiz, S. Engel and I. del-Palacio [29-37], the improvement
of effectiveness of scientific and research work with talented youth is less possible without a joint
interaction of HEIs with innovative structures (clusters).

According to European Commission data [38], there are nearly 3000 specialized clusters in Europe,
which equals 54 million workplaces. Salaries at enterprises that belong to clusters are on average
3% higher than at other enterprises. That is important due to the current COVID-19 pandemic,
as those enterprises appear to be more resilient to crises. The updated strategy of EU industrial policy
defines clusters as a powerful tool of economic development for the support and implementation of
innovations. According to the European Cluster Observatory and European Cluster Collaboration
Platform data [39,40] more than 50 innovation clusters are at work in the territory of the European
Union as of the beginning of 2020 (Figure 1).
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Figure 1. Cartographic image of existing innovation clusters in the territory of the European Union [39].

3. Assessment of the Regional Innovation Clusters” Impact on the Higher Education System

In order to detect the indicators of effectiveness and evaluate the impact of RICs on the HES,
statistical methods have been used: correlation and regression analysis, econometric modeling, as well
as estimation of dependence and ties between the level of cluster development, level of education
development, innovations, business and the index of global competitiveness for 141 countries.

There are some explanations for better understanding the calculation principles of this index.
The Global Competitiveness Index (GCI) is a global research tool that determines the country’s ranking
in the world by means of economic competitiveness. The World Economic Forum (WEF) defines
national competitiveness as a means of the country and its institutions to secure a stable pace of
economic growth that is sustainable in the mid-term perspective [41].

The GCl is a list of 103 indicators that describe in detail the competitiveness of countries of the
world at different levels of economic development. The set of these indicators at 2/3 consists of the
results of a survey of company executives (to cover a wide range of factors affecting the business
climate in the surveyed countries) and at 1/3 of open sources (statistics and research results regularly
provided by international organizations). The representatives of the WEF note that national economic
competitiveness is defined by numerous and varied features. They are combined in 12 pillars that
determine national competitiveness: institutions, infrastructure, ICT implementation, macroeconomic
stability, health, skills, product market, labor market, financial system, market size, business dynamics
and innovative capacity.

The choice of the abovementioned variables is explained by theoretical and empirical studies,
and no single factor can provide competitiveness to economics. Countries that have high indicators of
national competitiveness, as a rule, ensure a higher level of well-being for their citizens. Along with
the institutional factors, education and increase in the qualifications of the workforce, constant access
to new knowledge and technology can be decisive. For example, the effect of increasing expenditure
on education may be diminished by the ineffectiveness of the labor market, other disadvantages of the
institutional structures and, as a consequence, the absence of opportunities for proper employment
of graduates.

Having analyzed the experience of many countries, the authors have come to the conclusion that
the most important indicators that can determine the effectiveness of regional innovation clusters in
higher education are: indicators of innovation development, business and competitiveness.

In order to conduct the correlation and regression analysis, econometric modeling and calculations,
an authors’ sample from 103 indicators has been formed and summarized in Table 1, which was
compiled by the authors based on data from WEEF: The Global Competitiveness Report 2019 [41].
A scale from 0 to 100 has been used for each indicator to show how close the economy is to an ideal
state or “border” of competitiveness in the industry.
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Table 1. Statistics on Global Competitiveness Index, cluster development levels, higher education,

innovation and business for 141 countries of the world (the authors’ sample based on [41]).

Mark (0-100)

# Country
IGK,- Dcl,— Dhe,- Dinn,- Dbusi

1 Singapore 848 692 733 752 756
2 United States of America 837 748 707 841 842
3 Hong Kong 831 721 679 634 754
4 Netherlands 824 704 771 763 80.6
5 Japan 823 677 653 783 75.0
6 Switzerland 823 719 908 812 715
7 Germany 81.8 735 717 86.8 795
8 Denmark 812 671 768 762 80.0
9 Sweden 812 648 646 791 794
10 United Kingdom 812 659 647 782 770
11 Finland 802 640 764 758 781
12 Taiwan, China 80.2 743 624 802 731
13 Canada 796 63.8 676 740 765
14 Republic of Korea 796 600 639 791 705
15 France 788 621 621 772 714
16 Australia 787 542 638 695 753
17 Norway 781 646 698 680 769
18 Luxembourg 770 688 706 684 65.8
19 Israel 76.7 56.8 59.6 742 79.6
20 New Zealand 76.7 495 632 606 758
21 Austria 76,6 657 789 745 693
22 Belgium 764 649 678 714 744
23 Spain 75.3 553 585 643 673
24 Ireland 751 583 641 655 769
25 United Arab Emirates 75.0 695 633 523 693
26 Iceland 747 522 693 651 771
27 Malaysia 746 69.8 681 550 74.6
28 China 739 59.6 589 648 664
29 Qatar 729 65,5 675 50.0 66.0
30 Italy 715 749 584 655 65.7
31 Czech Republic 709 46.8 581 569 68.7
32 Estonia 70.9 439 61.7 521 699
33 Chile 705 45.6 653 425 65.3
34 Portugal 704 54.6 553 537 69.7
35 Slovenia 70.2 459 535 582 70.1
36 Saudi Arabia 700 661 602 50.6 53.1
37 Poland 689 468 422 497 620
38 Malta 685 531 578 505 594
39 Lithuania 684 408 542 471 656
40 Thailand 681 514 516 439 720
41 Latvia 67.0 486 535 424 659
42 Slovak Republic 66.8 46.6 439 463 628
43 Russian Federation 66.7 403 509 529 631
44 Cyprus 664 482 557 463 662
45 Bahrain 654 558 610 337 643
46 Hungary 65.1 472 426 474 581
47 Kuwait 65.1 513 48.7 303 56.1
48 Bulgaria 649 528 467 45.0 619
49 Mexico 649 547 539 436 65.8
50 Indonesia 646 594 601 377 69.6
51 Romania 644 382 422 423 59.7
52 Mauritius 643 488 546 381 66.1
53 Oman 63.6 594 59.7 412 628
54 Uruguay 63.5 408 59.6 383 581
55 Kazakhstan 629 339 468 320 66.6
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Mark (0-100)

# Country
IGKi Dcli Dhe,- Dinn,- Dbus,

56 Brunei Darussalam 628 442 577 438 618
57 Azerbaijan 62.7 583 584 383 715
58 Colombia 62.7 432 577 364 642
59 Greece 626 318 424 451 58.8
60 South Africa 624 551 410 452 619
61 Turkey 62.1 475 369 445 588
62 Costa Rica 62.0 479 66.7 403 563
63 Croatia 61.9 307 412 378 546
64 Philippines 61.9 481 624 38.0 657
65 Peru 61.7 401 470 327 558
66 Panama 61.6 458 456 373 588
67 Vietnam 61.5 526 440 36.8 56.5
68 India 614 543 533 509 600
69 Armenia 61.3 463 483 394 625
70 Brazil 60.9 487 386 489 60.2
71 Jordan 609 575 531 388 56.6
72 Serbia 60.9 40.0 48.7 402 63.1
73 Montenegro 60.8 448 498 333 64.0
74 Georgia 60.6 348 349 327 622
75 Morocco 60.0 429 462 351 59.8
76 Seychelles 59.6 534 551 461 615
77 Barbados 589 345 524 391 604
78 Dominican Republic 583 502 481 346 571
79 Jamaica 58.3 465 602 349 683
80 Trinidad and Tobago 583 423 528 344 567
81 Albania 57.6 304 547 29.8 618
82 Northern Macedonia 573 386 361 318 612
83 Argentina 572 408 629 417 583
84 Sri Lanka 57.1 487 548 349 60.0
85 Ukraine 57.0 409 534 401 572
89 Moldova 56.7 261 416 299 60.1
87 Tunisia 56.4 381 446 326 59.0
88 Algeria 56.3 483 465 344 562
89 Lebanon 56.3 488 43.1 38,5 53.0
90 Ecuador 55.7 39.0 542 33.0 457
91 Botswana 555 363 468 314 53.8
92 Bosnia and Herzegovina 547 336 350 284 511
93 Egypt 545 63.6 36.7 39.6 56.1
94 Namibia 545 454 495 356 512
95 Kenya 541 535 544 363 639
96 Kyrgyz Republic 54.0 29.1 388 262 586
97 Paraguay 536 356 356 224 512
98 Guatemala 53.5 443 577 315 558
99 Iran 53.0 421 415 38.0 443
100 Rwanda 52.8 477 504 309 656
101 El Salvador 52.6 321 442 279 527
102 Honduras 52.6 46.0 489 30.6 54.0
103 Mongolia 526 337 444 323 533
104 Tajikistan 524 368 554 28.0 548
105 Bangladesh 521 439 394 30.7 499
106 Cambodia 521 481 421 309 46.6
107 Bolivia 51.8 30.7 439 277 466
108 Nepal 51.6 376 387 294 558
109 Nicaragua 515 337 343 278 498
110 Pakistan 514 488 486 358 633
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Table 1. Cont.

Mark (0-100)

# Country
IGKi Dcli Dhe,- Dinn,- Dbus,-

111 Ghana 51.2 495 50.1 329 541
112 Cape Verde 50.8 423 50.1 248 440
113 Laos 50.1 50.8 457 28.0 36.8
114 Senegal 497 424 604 319 556
115 Uganda 489 420 465 295 564
116 Nigeria 483 463 30,5 322 585
117 Tanzania 482 494 528 277 533
118 Ivory Coast 48.1 383 534 30.7 576
119 Gabon 475 253 365 29.0 464
120 Zambia 465 417 410 286 564
121 Eswatini 464 419 40.6 245 507
122 Guinea 461 525 613 349 582
123 Cameroon 46.0 400 514 308 524
124 Gambia 459 49.1 531 305 51.0
125 Benin 458 365 55.8 284 537
126 Ethiopia 444 377 401 283 453
127 Zimbabwe 442 314 438 272 458
128 Malawi 437 359 419 269 488
129 Mali 436 445 458 290 51.8
130 Burkina Faso 434 287 475 248 499
131 Lesotho 429 381 39.7 21.8 501
132 Madagascar 429 391 438 253 513
133 Venezuela 418 259 544 309 286
134 Mauritania 409 437 411 263 389
135 Burundi 403 40.7 525 244 537
136 Angola 381 251 256 18.8 36.7
137 Mozambique 381 350 336 274 468
138 Haiti 363 201 334 189 141
139 Congo 36.1 235 360 18.0 405
140 Yemen 355 308 281 253 374
141 Chad 351 321 399 227 297

In [42—-46] the authors point out that the main task of correlation and regression methods of
analysis is to process statistics to identify the mathematical relation between the studied features and to
establish, by means of correlation coefficients, a correlation estimate of the density of interconnection
that has a definite numerical expression. Correlation and regression analysis solves two main tasks:
determining by means of regression equations the analytical form of the relation between the resultant
and factor indices, and establishing the level of relationship between them.

In order to establish a correlation between the state of cluster development and the level of
higher education development, we use a linear one-factor model which, as the calculation shows,
most accurately reflects the relationship between the studied parameters. Then the regression equation
has the following form:

Dhei est — b'Dcl,- +a, 1)

where Dy, . is an estimated value of higher education development indicator; b is a model coefficient
equal to the variation of Dy,, .st, when changing D,;. by one; D, is the level of cluster development; a is
a model coefficient equal to the value of Dy,, . when D, equal to zero.

The coefficients b and a could be defined according to (2) and (3) accordingly:

n
121 (Dcli - Dcluv)'(Dhe,' - Dhe[m)

b= —— vy
2
'Zl (Dcl,' - Dcl,m)
1=
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a = Dhem, _b'Dcl,w/ (3)

where D, is the average value of cluster development level; Dy,, is the level of higher education
development; Dy, is the average level of higher education development; n = 141.
The obtained values b = 0.687, a = 19.567 give the regression equation as follow:

Dieest = 0.687-Dyy. +19.567 @)

In order to determine the degree of variation dependence of the variable Dy, on the variation of
the variable D, the coefficient of determination has been calculated according to (5):

<Dheiest - Dhe,w )2

X
R* = = , 3)
L

1(Dhei - Dhem, )2

where R? is the coefficient of determination; Dpye,est is the estimated value of the level of higher education
development; Dy, is the average level of higher education development.

4. Evaluation Results Analysis and Discussion

According to the results of the calculations, the value of the coefficient of determination has been
obtained (R? = 0.540). Since R? > 0.5, we may conclude that the regression equation is consistent
with the original data. Therefore, the coefficient of determination has shown that the variation of the
variable Dj,..s; by 54% is caused by the variation of the variable D;.. The point diagram with a trend
line (Figure 2) illustrates the relationship between the parameters under study.

y=0.687x+ 19.567

R? = 0.540
100.0

90.0 - *
80.0 -
70.0 -
60.0
50.0 -
40.0
30.0 -
20.0 -
10.0 -

0.0 ‘ ‘ ‘ ‘ \ \ \

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0
Level of cluster development (0-100)

Higher education development (0-100)

Figure 2. The relationship between the cluster development and the higher education development.

The presented data analysis shows that, generally, with the increasing indicators of the cluster
development D, the value of the higher education development Dj,,, demonstrates similar dynamics.
To establish the tightness of relationship between the cluster development and the higher education
development, a linear correlation coefficient was calculated by (6):

) i (Dcli - Dclav)'(Dhe,v - Dhem,>
rDcli/Dhei = =1 . (6)

\/' i (Dcl,» - D,:l,,,,)2 §l<Dhei - Dheuv)z

i
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As the result of the calculations, the value of the linear correlation coefficient has been obtained
"Dy /Dy, = 0.735. According to the R. Chaddok scale [47], which estimates the tightness of relationship
between y and X, the linear correlation coefficient in the range 0.7-0.9 is high enough. Thus, the linear
correlation coefficient has indicated that a close relationship between the studied parameters exists.

In order to verify the validity of the model, we applied the F-test (Fisher criterion). The actual
value of the Fisher criterion was calculated by (7):

2
(Vl - k) 1(Dhe,-est, - Dhe,-uv)
Fact = l o > ?)
(k - 1)', Zl(Dhe,’estA - Dhei)
1=

™M=

where F,; is the actual value of the Fisher criterion; # is the sample size; k is the number of coefficients
in the model; Dy, is the estimated value of the higher education development level; Dy, qv is the
average higher education development level; Dy,, is the actual significance of the higher education
development level. According to the calculation results, the actual value of the Fisher criterion has
been obtained as F,; = 163.41.

The critical value of the Fisher criterion is defined by (8):

Fo = (a = 005,ml = k—1,m2 = n—k), ®

where a is the level of significance; m1 is the number of degrees of freedom for greater dispersion; m2 is
the number of degrees of freedom for the smaller dispersion; # is the sample size (n = 141 in our case);
k is the number of coefficients in the model (there are two coefficients in our case). The calculated
critical value of the Fisher criterion is 3.91. Since F, > F.r, we can conclude the reliability of the
selected linear one-factor model.

The sample size is 141 countries, i.e., n > 100, so it is advisable to check the validity of the linear
correlation coefficient using the Student’s statistical criterion. The actual value of the Student’s criterion

can be calculated by (9):
rDcli /Dhei

7
—2
1=r Dcli/Dhei
n

where t, is the actual value of the Student’s criterion; "Dy, / D, is the linear correlation coefficient; n is
the sample size. According to the calculation results, the actual value of the Student’s criterion has
been obtained as t,; = 12.88.

The critical value of the Student’s criterion is determined by (10):

)

tact =

ty = (@ = 0.025,m = n-2), (10)

where t., is the critical value of the Student’s criterion; a is the level of significance; n is the sample size.
The determined critical value of the Student’s criterion is t., = 2.27. Since t,; > tq, we can conclude
that the correlation coefficient is statistically significant.
Similarly, we performed the calculation for other indicators of Table 1. The point diagrams with
trend lines were built (Figures 3-6) to illustrate the relationship between the parameters under study.
For the competitiveness dependence, the coefficients are: b = 0.776; a = 23.673 and the regression
equation has the following form:

Ick, = 0.776:D, +23.673, (11)

where Ig; is the level of competitiveness; D, is the level of cluster development.
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According to the calculation results, the coefficient of determination has been obtained (R? = 0.604).
Since R? > 0.5, we may conclude that the regression equation is consistent with the original data.
Therefore, the coefficient of determination has shown that the variation of the level of competitiveness
Igk; by 60.4 % is caused by the variation of the level of cluster development D, (Figure 3).

y=0.776x+ 23.673
R%=0.604

90.0
80.0 -
70.0 -
60.0 -
50.0 -
40.0 -
30.0
20.0 -
10.0 -

OO T T T T T T T

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0
Level of cluster development (0-100)

Level competitiveness (0-100)

Figure 3. The relationship between the cluster development and the competitiveness.

For the innovation development, the coefficients are: b = 1.106; a = 9.752 and the regression
equation has the following form:

D, = 1.106-Dy, +9.752, (12)

where Djy;,, is the level of innovation development; D, is the level of cluster development.

y=1.106x-9.752
2 _
~ 100.0 R”=0.649
&  90.0 -
s e
5 80.0 - .
e 70.0
()
T ~ 60.0 4
c O
22 5001
e
3 = 40.0
c
£ 30.0 A
° 20.0
¢
® 10.0
00 T T T T T T T
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0
Level of cluster development (0-100)

Figure 4. The relationship between the cluster development and the innovation development.

According to the calculation results, the coefficient of determination has been obtained (R? = 0.649).
Since R? > 0.5, we may conclude that the regression equation is consistent with the original data.
Therefore, the coefficient of determination showed that the variation of the level of innovation
development Dy, by 64.9 % is caused by the variation of the level of cluster development D, (Figure 4).

For the business development, the obtained coefficients are: b = 0.663; 2 = 28.380 and the regression
equation has the following form:
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Dyys, = 0.663-Dy, + 28.380, (13)

where Dy, is the level of business development; D, is the level of cluster development.

y=0.663x+28.380

R2=0.524
90.0

80.0 -
70.0
60.0 -
50.0 -
40.0 -
30.0 -
20.0 -
10.0 -

0.0 ‘ ‘ ‘ ‘ ‘ ‘ \

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0
Level of cluster development (0-100)

(0-100)

Level of business development

Figure 5. The relationship between the cluster development and the business development.

According to the calculation results, the coefficient of determination has been obtained (R? = 0.524).
Since R? > 0.5, we may conclude that the regression equation is consistent with the original data.
Therefore, the coefficient of determination showed that the variation of the level of business development
Dyys; by 52.4 % is caused by the variation of the level of cluster development D, (Figure 5).

For the relationship between the higher education development and the competitiveness,
the obtained coefficients are: b = 0.797; a = 18.975 and the regression equation has the following form:

Ick; = 0.797-Dy,, + 18.975, (14)

where Igg; is the level of competitiveness; Dy, is the level of higher education development.

y=0.797x+18.975

2_
100.0 R“=0.557

90.0 -
80.0 -
70.0 -
60.0 -
50.0 -
40.0 -
30.0 -
20.0 -
10.0 -
0.0 ; ‘ ‘ | ‘ ‘ ‘ ‘ ‘
0.0 10.0 20.0 30.0 400 50.0 60.0 70.0 80.0 90.0 100.0
Level of higher education development (0-100)

Level of competitiveness (0-100)

Figure 6. The relationship between the higher education development and the competitiveness.

According to the calculation results, the coefficient of determination has been obtained (R? = 0.557).
Since R? > 0.5, we may conclude that the regression equation is consistent with the original data.
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Therefore, the coefficient of determination has shown that the variation of the level of competitiveness
Igk; by 55.7 % is caused by the variation of the level of higher education development variable Dy,
(Figure 6).

Based on these results, one can see that there is a close linear dependence between the cluster
development of the countries and the higher education development, which allows considering
innovative clusters as one of the key factors for increasing higher education competitiveness.

Additionally, the existence of cause and consequence relationships between the level of
development of business, innovation and competitiveness allows us to state that the level of
development of the abovementioned indicators depends on the competitiveness and quality of
higher education. Some explanations should be given regarding the major variables.

The level of cluster development is influenced by the following factors: the presence of a powerful
core, which can be an enterprise or a university that serves as the base around which all cluster
members unite; participation of research institutions and organizations, which provide the conduct of
research and its approbation; support of local self-government bodies, as they create conditions for
support of cluster initiatives and promote their development in the future.

The level of higher education development is influenced by the following factors: the level of
training of school graduates, because they should receive basic knowledge there; material and technical
support, as it has a significant impact on the quality of training of future professionals; the level of
scientific and pedagogical staff is another important component, as well as the quality of professional
training of graduates and cooperation with innovative structures and research activities of HESs;
all these elements are extremely important for the level of higher education development.

The level of innovation development includes the following components: the level of cooperation
between universities and business and research institutions, which are the main participants in
innovation production; the level of financial support for innovation, an extremely important component;
the quantity and quality of innovation research and development, which shows how active innovation is
in the state; cooperation with international organizations and commercialization of research, necessary
for the exchange of experience and knowledge; government support for innovation, at the legislative
level, in public policy and regional development policy.

The main components that are included in the indicator of the level of competitiveness are
as follows: the level of socioeconomic development, a multicomponent part, which includes the
level of education, health and income of the population; indicators of development of institutions
and government, their openness and transparency; the level of development of the infrastructure
(production and social), a component that combines a wide range of indicators of socioeconomic
activity of the country; macroeconomic stability, because with stable economic growth there is an
improvement in all spheres of life; the level of development of science and technology, which shows
the number of innovative developments, research and know-how; the level of human development,
as an indicator of the society’s development, which directly affects the competitiveness of the country.

5. Conclusions

The conducted research substantiates the positive impact of the involvement of innovative
clusters in the HES, which can provide: (1) closer cooperation between HEISs, enterprises and research
institutions; (2) attraction of targeted investments in the development of new production technologies
and innovative infrastructure for all participants in the educational process; (3) intensification of R&D
works, research and construction works, cooperation and targeted training of specialists in HEIs,
and long-term partnership studies within the innovative projects; (4) development and introduction
of new innovative products, and application of effective mechanisms for attracting investment in
education development; (5) creation and development of modern innovative infrastructure in the field
of higher education; (6) enhancement of the mobility of students and graduates in the global labor
market; (7) satisfaction of the interests of all stakeholders in the educational process.
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The scientific novelty of the study is in the development and substantiation of the theoretical
and practical principles for determining indicators for evaluating and monitoring the effectiveness
of regional innovation clusters in higher education. For the first time, indicators for evaluating and
monitoring the effectiveness of regional innovation clusters in the higher education system have been
suggested and the impact of regional innovation clusters in the higher education system has been
assessed, resulting in a close relationship between the level of development of regional innovation
clusters, higher education, innovation, business and competitiveness.

In conclusion, we should note that, in the context of globalization, the important factors of quality
and competitiveness of modern higher education include the development of digital literacy and
interpersonal skills, whereas the ability to think critically and creatively depends not only on technical
achievements, inventions and knowledge creation, but also on organizational changes, which facilitate
the commercialization of R&D results and marketing innovations.
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