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Abstract. The main aim of the research was to develop cognitive instruments that allow
justification of decisions in national innovation policy. In the theoretical part of research
fundamentals of national innovation policies of EU-members and Ukraine were compared to reveal
factors that can accelerate innovation development. In the empirical part of research the analysis of
innovation capability of Ukrainian enterprises was conducted based on financial, statistic and
management reports and it confirmed that companies systematically conducted innovation activities,
reached higher levels of innovation potential, innovative business opportunities and margin of
economic security and, consequently, have more innovative capacities for innovation of all types.

The formation of cognitive analytical base allowed the application of scenario modelling at
the level of public management of innovation activity. Cognitive modelling approach was justified
firstly by increased volatility in economic conditions of modern realities of crisis in the national
economy, and secondly high-cost and risky innovations, fast diffusion of information resources
during the introduction of innovation processes, and thirdly, the presence of the mutual influence of
objects of national innovation system.
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Introduction

The fundamental changes in the system of public administration and the expansion of socially
responsible models in economic activity determine the feasibility of considering cognitive approaches
as one of the most promising directions of reforming modern management systems. However, the
uncertainty of understanding the cognition, the complexity of the recommended approaches to the
creation and use of cognitive systems, insufficient study of the positive and negative effects lead to
limited use of cognitive approaches in the practice of administration of complex socio-economic
systems. The research aims to develop cognitive tools for solving the problems of public
administration in enhancing the national innovation system. The objectives of the paper are:

1. to discuss the essence of cognitive methods for management of complex social and
economic systems, as well as peculiarities of cognitive application tools for public administration of
innovation business activity;

2. to apply cognitive methods for evaluation of Ukraine's national innovation system and
analysis of results and frequency of innovation project implementation by national companies;

3. to justify the strategic aim of the national innovation policy and major government programs
that may accelerate the development of national innovation system.

In order to achieve the aim of the paper, the following methods were used in the research
process: theoretical generalization — to clarify the understanding of cognitive methods and their
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specific application for public management; statistical analysis — to study, group and compare
empirical data and to investigate trends in innovation activity; analysis and synthesis, systematic
approach — to determine the priorities of the national innovation policy and key-factors for stimulation
efficient innovation activity of Ukrainian companies.

Cognitive instruments application in the sphere of public management

The role of cognitive methods in the organisation of management cannot be overestimated
because they enable the information perception of the environment (Van Rossem, Heusinkveld,
Buelens, 2015). In general understanding, cognition includes the possession and mental processing
of knowledge (Uotila, 2015). Cognitive methods can provide a social character of management,
where all parameters of the control system operate in an organised and effective manner. The
effectiveness of such systems is determined by the wealth of thinking, the development of information
structure and interacting elements. Procedures of cognition are disclosed in its definition as a mental
processing that uses, changes, enacts, recalls, stores, sense, and transforms knowledge in a dynamic,
recursive manner (Brymer, Hitt & Schijven, 2012).

One of the fields for practical use of cognitive methods is the creation of scenarios set for
modelling the problem situation trends based on the selected control factors, different plans and
forecasts for development (Martin-Alcazar, Romero-Fernandez & Sanchez-Gardey, 2012).

Cognitive analysis and modelling are relatively new elements in the structure of the public
administration system. But the transformation of public consciousness, as an unavoidable stage in
construction of a market economy in Ukraine requires new methods and models in state regulation
(Gavkalova & Kolupaieva, 2018). The technology of cognitive modelling allows: to study problems
with fuzzy factors and interconnections in society; to take into account rapid changes in the
international environment, to use objective trends for ensuring the country's socio-economic
development.

Benefits of integrating cognitive theory to public management include improving the quality
of value advice provided to decision-makers in terms of both breadth of content and consistency with
underlying theoretical fundamentals (Lockwood, 1999). However, cognitive models are influenced
by exogenous information such as the personal predisposition of decision-makers (Porac, Thomas, &
Baden Fuller, 1989). Cognitive models are useful in many decision-making situations (Carrington,
Combe & Mumford, 2018) because they are developed based on experiential knowledge and learning.

Cognitive tools are becoming increasingly popular in the management of various economic
systems (Madhavaram & Badrinarayanan, 2011). In particular, the calculation of the Global
Innovation Index, which is widely used for international comparisons agrees with the cognitive
approach.

International comparison of Ukraine’s national innovation system

During the assessment of Global Innovation Index International experts [2] conclude, that in
2018 Ukraine performed on innovations even better, than its current level of economic and social
development would predict and during 5 previous years included Ukraine to the group of innovation
achievers, which unite 3 economies in the Eastern region of Europe (Moldova, Ukraine and Malta)
followed by 8 economies from the Sub-Saharan Africa region (Kenya, Rwanda, Senegal, Uganda,
Mozambique, Malawi, Burundi and Tanzania), in 2018 Ukraine was ranked as the best achiever in
its group.

Calculations based on Dutta, Lanvin, Wunsch-Vincent (2019) approach showed that
Ukraine’s score in Global Innovation Index (GII), as well as its components, outstrip average score
for lower-middle countries (in group of which Ukraine is included according to World Bank Income
Group Classification) and average score for upper-middle countries (figure 1). In 2018 Ukraine
reached leadership in its income group by innovation output sub-index, innovation efficiency ratio
and GlI in total.
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Fig. 1. Comparison of Ukraine’s GII score with average lower-middle- and upper-middle-income economies.
Note. Built on data (Ukraine Statistic Innovation Outlook, 2019; Dutta, Lanvin & Wunsch-Vincent, 2019)

But being a part of the European region, Ukraine’s innovation position is not satisfactory,
especially for institutions, infrastructure and market sophistication pillars. These pillars appeal to
problems of public trust in the Ukrainian government and invoke studies for accountable public-
private partnership in the sphere of innovations. Managing accountability in public-private
partnerships involves balancing myriad public demands (Forrer, Kee, Newcomer & Boyer, 2010),
including cost-effectiveness, risk, innovation, stakeholder participation and security. But the
experience of European countries argue for private financing of innovations for upholding the public
interest.
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Fig. 2. Dynamics of research and development spending in Ukraine.

Note. Built on data (Ukraine Statistic Innovation Outlook, 2019)
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As figure 2 shows total spending on research and development in Ukraine has tendencies to
increase, so in 2018 total expenditures with grow of 22.6 % exceeded USD 600 million, but due to
high impact of currency exchange rate fluctuations it has not reached even the half of 2013 year
amount, so expenditures of 2018 were still insufficient to enable sustainable development of the
national economy.

Due to limited budget revenues, government was able to finance only 37 % of total R&D
expenditures (Fig. 3), but comparison with other countries of Central and Eastern Europe proves that
the key factor is effectiveness and accountability of public management practice, as well as efficiency
of public-business relations in the sphere of innovations.
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Fig. 3. R&D expenditure by source of funds

Note. Built on data of 2018 year for Ukraine and 2016 for other countries (Ukraine Statistic Innovation Outlook, 2019
and Eurostat database, 2019)

Since 1991, the provision of budget financing of scientific and scientific and technical
activities in the amount of at least 1.7 % GDP as stipulated in the Law of Ukraine "On Scientific and
Scientific-Technical Activity" has not been fulfilled. A typical annual amount of expenditures on
science was 0.3-0.5 % of GDP, and as a result, science could play a socio-cultural function in society
only. Previously scholars measured that the commercial purpose of science begins with funding
greater than 0.9 % of GDP. The application of cognitive models allowed to justify the threshold values
(Khodakivsky, Yakobchuk & Litvinchuk, 2019) of the national innovation system parameters that
ensure economic safety (table 1).

Table 1. The national safety of Ukraine in the innovation sphere.

Indicators, unit of measurement Threshold Actual values

Va'”‘:h(;r?)t less| 5013 | 2014 | 2015 | 2016 | 2017 | 2018

Share of the state bydget expenditures on 17 031 0.26 0.26 016 0.16 017

science in GDP, %
Share of scientific and technical workers in 9 0.49 0.50 0.50 0.60 058 0.54
the total number of employees, %
. Share. of epterprllses introducing 50 136 121 15.2 16.6 143 n/a
innovations in their total number, %
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Indicators, unit of measurement Threshold Actual values

Va'“ih(;r:’)t less| 5013 | 2014 | 2015 | 2016 | 2017 | 2018

The share of implemented innovative

products in total, % 5 3.3 2.5 1.4 n/a 0.7 n/a

Note. Built on data (Ukraine Statistic Innovation Outlook, 2019)

In 2018 in Ukraine, the share of the scientific and technical workers in the total number of
employees was 0.54 %, including researchers - 0.35 %. According to Eurostat, in 2016 much higher
shares were observed in Denmark (3.18 % and 2.2 %), Finland (3.04 % and 2.26 %), Great Britain
(2.29 % and 1.68 %), and the Netherlands (2.28 % and 1.39 %).

Share of the state budget expenditures on science in GDP in Ukraine is less than the threshold
value ten times. In 2018 the share of total expenditures on R&D in GDP was 0.47 %, including the
state budget funding of 0.17 %. According to the data of 2017, the share of expenditures on R&D in
the GDP of the EU-28 countries averaged 2.06 %. Shares of R&D expenditures in Sweden (3.4 %),
Austria (3.16 %), Denmark (3.05 %), Germany (3.02 %), Finland (2.76 %), Belgium (2.58 %) and
France (2.19 %) exceed the average level. Share in Romania, Latvia, Malta, Cyprus and Bulgaria
varied from 0.5 % to 0.75 % and were less than average level.

In general, a comparison of the distinguished threshold value with the actual values, indicates
that the national innovation system of Ukraine is in a risk zone, and therefore requires the
implementation of special state programs of innovation development based on principles of public-
private partnership to ensure the accountability of public management.

Justification of priorities in government maintenance of innovation activity

The relationship between economic security and innovation activity is also maintained at the
level of corporate management. That is a crucial consideration for the development of national
innovation strategy as well as the entire innovation system.
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Fig. 4. Cognitive map for government maintenance of innovation activity

Note. Built by authors

To achieve the aim of the research, an analysis of the economic safety of 93 corporations that
carry out innovation activities of varying intensity was conducted. The totality of the investigated
enterprises was divided into three groups based on the data on the frequency of implementation of
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innovation projects. The first group included enterprises that did not carry out innovative activity at
all; the second group included enterprises that implement innovative projects unsystematically, from
time to time; the third group consisted of companies that carry out innovative activities systematically,
have long-term and short-term plans for the implementation of innovation projects. The assessment
of economic safety was carried out according to the previously proposed method (Labunska, Petrova
& Prokopishyna, 2017) enhanced by including cognitive indicators for actors of constructed cognitive
map (Fig. 4).

Using this approach, it was found that 43.21 % of the surveyed enterprises did not innovate
(the number of the first group was 35 enterprises), about 22 % of the surveyed companies rarely
implemented innovative projects, and only 34.57 % of the investigated enterprises (the number of the
third group was 28 enterprises) conduct innovative activities systematically and consistently.
However, the revealed structure of the investigated companies is not stored in the analysis of the
sample by the areas of the location of enterprises, for example, only 9.09 % of the investigated
enterprises located in the Kharkiv region declared systematic innovation activity.

The structure of the investigated set of enterprises according to the selected levels of
innovation activity and levels of economic safety is shown in Table 2.

Table 2. Distribution of companies by levels of innovation activity and economic safety.

Innovation activity level
Innovation projects are Innovation activity is Innovation activity is
not implemented unsystematic systematic

> -

B Very high - 9.52% 90.48 %
5 8 High - 25.00 % 75.00 %
$2 Middle 50.00 % 50.00 % -
-2 Low 68.42 % 15.79 % 15.79 %

o Very low 73.91 % 26.09 % -

The calculated values (Table 2) demonstrate that systemic innovation activities provide a high
level of economic safety: 90.5 % investigated enterprises, the level of economic safety of which is
characterized as "very high", systematically carry out innovation activities, the remaining 9.52 % of
enterprises carry out innovative projects irregularly; three-quarters of the investigated enterprises
with a high level of economic safety conduct systematic innovation activity, 25 % of companies with
high financial safety innovate unsystematically; and vice versa, almost three-quarters (73.91 %) of
the investigated enterprises that do not innovate, and one quarter (26.09 %) of enterprises that carry
out innovative activities irregularly have a deficient level of economic safety.

So, in order to ensure national security, the government policy should stimulate enterprises to
intensify innovation activities and implement innovation projects systematically. Promotion of
systematic innovation activity in strategic period will also eliminate restrictive (negative) factors and
accelerate propulsive (positive) factors, that impact on processes idealisation, production,
commercialisation and dissemination of innovations (figure 4).

Cognitive simulation of decision-making for innovation activity involves the development of
a cognitive map that assists managers in poorly structured situations. Justification of managerial
decision based on the constructed cognitive map (figure 4) will benefit from application of fuzzy
logic methods on the one hand, and the isolation and structuring of the causal relationships of the
highly predictable factors on the other hand.

Application of cognitive simulation for the development of government support of the national
innovation system allow decision-making in different conditions:

e Simple managerial situations, characterised by obvious causal (mostly linear)

relationships between the primary factors and the absolute predictability of events. In this
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domain, the cognitive principles of management manifest themselves in the ability to
apply the professional skills of public administration in the standard scenario effectively.
Complicated situations characterised by causative relationships of events that require
careful analysis and participation of a team of public administration experts to find the
right solution to the problem. In this domain, cognitive modelling involves the
development of a cognitive map, taking into account the time lag of the concept's
operation. The main cognitive instrument is canonical correlation analysis, which allows
assessments of interrelations between the main contextual factors and at least indicate
certain trends and synergies.

Complex situations characterised by low predictability of response on public
administration ventures. In this domain, causation becomes clear only in retrospect, while
the managerial problem needs to be addressed in the current period.

Chaotic situations characterised by lack of time to understand the problem. The overall
managerial situation is described as a crisis and requires managers to develop activities to
transfer it to other domains (except for the domain of uncertainty).

Disorder situations that cannot be managed in principle, since external factors influence
them. The main task of public administration in this domain is to change the tendencies
into any other domain. The preferable cognitive instruments are similar to the domain of
chaos.

In general, the major progressive changes in the government maintenance of innovation
activity are expected improvements in the financing mechanism of the research & development and
convergence of innovative ideas. For this purpose, government support programs for innovation
development should include measures aimed at:

ensuring stable financing of the leading national scientific institutions by systematic
research programs;

allocating funds to scientific programs and projects within the framework of programmatic
funding for science based on the principles of competition, ensuring transparency of the
decision-making process and establishing public control over the use of funds;

targeted allocation of state budget funds to provide innovative projects of national
importance;

creation of target state funds and venture funds of innovative development with the
purpose of diversification of sources of financing of scientific and technical research
projects;

creation of favourable regulatory and legal conditions for the activities of charitable
organisations and other non-profit institutions aimed at financial and informational
support of innovation activity;

establishment of public-private partnership in the field of financing scientific and technical
research projects to accelerate the commercialisation of innovative projects funded by the
state;

implementation of new financial instruments to support the development of innovative
sectors of the economy, in particular by facilitating the redistribution of investment flows
through business;

stimulating the development of leasing, lending and risk insurance of scientific and
technical research projects and entrepreneurial innovations;

modernisation of capital markets based on legislative and institutional support of
investment companies, joint investment institutions and insurance companies for
accumulation of aggregate national savings and their orientation towards the innovative
development of the real economy sector;
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e promotion of stabilisation of capital markets and their development for the needs of
society in the innovation modernisation of the country's production potential at the
expense of institutes of direct state investment from special funds;

e application of favourable tax regimes for R&D organisations and innovation-intensive
business;

o simplification of tax administration mechanisms for taxpayers carrying out innovative
activities on a systematic basis;

e introduction of tax and customs privileges for research organisations, innovation-intensive
companies and entrepreneurs in the sphere of technological infrastructure;

e creation and implementation of mechanisms of state and non-state financing of
participation of scientists in the international scientific and innovation projects.

Reforming the financial mechanism supporting innovation development will create the

prerequisites for scientific and technical support of the transformation of the national economy into
high-tech and competitive, which will ensure the acceleration of GDP growth and public welfare. At
the same time, the consequences of reforming the mechanism of government financial support depend
heavily on the growth of domestic production, its orientation towards innovation and technological
modernisation, the intensification of innovation activities, and the introduction by enterprises of
mechanisms for the systematic implementation of innovation projects. Increase of the demand for the
scientific and innovative products is determined by the solvency of domestic enterprises, while
opportunities for attracting additional funds in international financial markets depend on the level of
profitability of industrial innovations. All mentioned interrelations should be taken into account in
the process of reforming state policy measures in the field of innovative development of the country.

Conclusion

1. Cognitive instruments are justifiably used to assess the state of national innovation systems
and can be successfully applied to substantiate feasible mechanisms of public administration in the
field of innovation activity.

2. National innovation system represents a complex of institutions and mechanisms that
ensure conditions for the creation, storage, distribution and industrial application of scientific and
technical knowledge in the country. The main elements of the national innovation system are the
subsystems that provide: (i) the generation of new knowledge, education and training; (ii) production
and marketing of innovative products, convergence of innovative ideas; (iii) administration of activity
of different research organizations and innovation-intensive companies, including financial support
for research and development . The current state of Ukraine's national innovation system is beyond
the bounds of economic safety. The level of safety of a company as a primary element of the national
financial system increases in the case of systematic innovation activity. Therefore, the
implementation of national policies that stimulate enterprises to introduce innovations on a systematic
basis is urgent for Ukraine.

3. The strategic aim of the national innovation policy should become the creation of supportive
environment that ensures the transformation of scientific ideas and developments into market
products of an international level; commercialization and convergence of the results of innovation
activities of research institutes and commercial enterprises, and also contributes to the enhancing of
the research potential of domestic scientific schools.
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VieSojo valdymo atskaitomybés pazintiniai instrumentai kuriant nacionaline¢ inovacijy
sistemg

Anotacija

Pagrindinis Sio straipsnio tikslas yra tirti kognityvines priemones, kurios prisidéty kuriant
teisingg sprendimy priémima Salies inovacijy politikoje. Teorinéje apzvalgoje yra aptariamos ES $aliy
nariy ir Ukrainos inovacijy politiky gairés ir jgyvendinimo procesai bei priezastys galincios paskatinti
inovacijy plétrg. Empyrinis tyrimas buvo gristas Ukrainos pavyzdziu, ¢ia buvo analizuojamaos
Ukrainos jmoniy financiniai ir Zzmogiskieji pajégumai seikiant inovacijy sklaidos ir taikymo. Jmoniy
financiniy ir statistiniy rodikliy bei vadybos schemy analizé parodé, kad jmonés nuolat diegiancios
inovatyvius procesus ir naudojancius inovatyvius produktus savo veikloje, pasiekia aukstesnj
inovacijos lyg], turi daugiau galimybiy plésti savo veiklg bei yra atsparesnes iskilus financinéms

Analitinio kognityvinio Ziniy kiirimas tapo pagrindu scenarijumi grjsto modelio sukiirime ir
pritaikyme vieSojo sektoriaus inovacijy skatinimui. Kongnityvinio modelio taikymas pasirodé ypac
veiksmingas sprendZiant nuolat kintanc¢ius financinius klausimus, kurie yra tokie buidingi Siuolaikinei
ekonomikai. Sio modelio nauda buvo pastebéta nagrinéjant didelés rizikos inovacijas bei
nacionalinés reikSmés inovacijy jgyvendinima.
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