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The article defines the sequence of stages of the innovation system analysis in
the functional approach. The foreign experience of grouping functions which should
carry out the national innovation system (NIS) is studied. The functions of the
national innovation system as a flexible response, selection, stimulation, innovation
and generative are analyzed. The main functions of the national innovation system
are highlighted and justified: formulation of innovation policy as guidance for all
elements of the innovation system in terms of their role and functions within the
system, as well as directions of development (i.e. goals to be achieved), providing
regulatory and legislative framework; identification and selection of priorities in
innovation and research and development with the highest economic or social
impact; mobilization and placement of resources, implementation of research;
creation of human capital; provision of incentives for the development of innovation;
support for the development of new (high-tech) industries and services. The structure
of NIS has been summarized. It contains priorities and strategy of innovative policy;
normative-legal base in the sphere of development and stimulation of innovation
activity, innovative infrastructure; system of generation and distribution of
knowledge; innovative companies; institutions in education, market conditions
promoting the introduction of innovation, marketing and financial components of
creation and innovation promotion, interaction with the international environment;
mechanism of innovative development. The key characteristics and main regularities
of NIS development are defined. Hence, the NIS development basic principles were
formulated. On the basis of the identified patterns of NIS development the basic
requirements for NIS are summarized. The key indicators of a level and conditions
estimation of national innovative system development are generalized, in particular:
indicators of the reached level of scientific and technical development, qualitative
indicators of market institutes and the legislation development, indicators of
workforce educational level, financial indicators, indicators of transfer and use of

knowledge, quantitative and qualitative indicators of economic growth.

Y cmammi euznaueno nocnioosHicme emanie ananizy iHHOBAYIUHOI cucmemu



npu QyHKyionarbHomy nioxoodi. Bueueno 3apyobidichuii 00c8i0 w000 2pyny8auHs
@yHxyiu, sKki mae euxoHysamu HayioHanvbHa iHHosayitina cucmema (HIC).
Ilpoananizosano maxi yuxyii HayionaibHoi IHHOBAYIUHOI cucmemu 5K 2HYYKO20
peacyBanHs, CeleKyiuHy, CMUMYII08AHHS, THHOBAYIUHY ma ceHepamueHy. Buodinreno
ma O0OIPYHMOBAHO OCHOBHI (DYHKYII HAYIOHANbHOI IHHOBAYIUHOI cucmemu.
Gdopmynosanns IHHOBAYIUHOI NOAIMUKU 5K KepieHUYmea Oas 6CIX eleMeHmis
[HHOBAYIUHOI cucmemMuy y 4acmuHi iX poi ma QyHKYit y mMexcax cucmemu, a makoic
Hanpsmie po3sumky (mobmo yineiu, sKi He0OXIOHO oocsemu), 3a0e3neyeHHs
HOPMAMUBHO-3aKOH00a840i 6a3u; ioenmugbixayis ma eubip npiopumemis y 2anys3i
IHHOBAYIU MA HAYKOBUX O0CNI0HNCEHb Ma PO3POOOK, SKI MAOMb HAUGUWY eKOHOMIYH)
yu coyianvHy 0il0, MOOLNIZaYiss ma po3MiujeHHs pecypcis, 30IUCHEeHHS HAYKOBO-
O00CNIOHOI OIANLHOCMI, CMBOPEHHS HI0OCLKO20 KANImany, HAOAHHSA CMUMYIIE OJis
PO3BUMKY [HHOBAYIU, NIOMPUMKA PO3GUMKY HOBUX (BUCOKOMEXHOJO2IUHUX) 2any3eli
npomucnosocmi ma cepu nocnye. Ysacanvneno cmpykmypy HIC, sxa micmums:
npiopumemu ma cmpamezito IHHOBAYIUHOI NOITMUKU, HOPMAMUBHO-NPABO8Y 0A3) y
2any3i po3eUmMKy ma CMUMYTIO8AHHSA IHHOBAYIUHOI OIAIbHOCMI,  IHHOBAYIUHY
iHppacmpykmypy, cucmemy 2eHepayii ma NOWUPEHHS 3HAHL, IHHOBAYIUHI
nionpuemcmea; ycmawosu y cgepi oceimu; PuHKO8i YMOBU, AKI CHPUsiomv
BNPOBAONCEHHIO THHOBAYIU, MAPKEMUH208y ma (IHAHCO8Y CKIAO08I CMEOPEHHS mda
NPOCYBAHHS THHOBAYIL, B3AEMOOII0 3 MINCHAPOOHUM CepedosuujemM, MexaHizm
IHHOBAYILIHO20 PO36UMK). Busnaueno Hausaxsciugiuli xapakmepucmuku ma OCHOBHI
sakonomiprocmi pozeumxy HIC. Ha yiii ocrhogi cgpopmynvosarno 6a308i npuryunu
pozsumky HIC. Ha niocmasi sussnenux saxkoHomiprHocmei pozeumxy HIC ma 3
VPaxy8aHHaM 0A308UX NPUHYUNIE Y3a2albHeHO 0CHO8HI sumocu 0o HIC. V3acanvneno
OCHOBHI NOKA3HUKU OYIHKU DIGHA mMaA YMO8 pPO3BUMK) HAYIOHANbHOI THHOBAYIUHOT
cucmemu, 30kpema: IlokaszHuku 00CACHYMO20 PiBHS HAYKOBO-MEXHIYHO20 PO3BUMIK),
SAKICHI NOKA3HUKU PO3GUMKY DUHKOBUX THCIUMYMI6 Ma 3aKOH00A8CMEd, NOKA3HUKU
0CBIMHbO20 PIBHS MPYOOBUX pecypCi8, (IHAHCOB8I NOKA3HUKU, NOKA3ZHUKU nepeoayi

ma 6UKOPUCIAHHA 3HAHb, KLILKICHL MA AKICHI NOKA3HUKU eKOHOMIYHO20 3POCMAHHAL.
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A Problem Statement. The current stage of economic system development is
characterized by the mandatory formation of state innovation systems. In this context,
the issue of their content and assessment is of particular relevance, which involves
the specific methodological framework formation. Such a base should contain
essential parameters that allow identifying qualitative and quantitative characteristics
that meet modern human needs and forecasts its development, together with a system
of adaptive tools, considering the acceleration of changes both within and outside
national innovation systems.

Analysis of recent research and publications. The problem of forming an
effective national innovation system is the research object of leading foreign
scientists, such as: A.Johnson [1], A.Paterson, R.Edam and J. Mullin [2],
M. Heckert and S.Negro [3] and others. The leading domestic scientists
L. Antonyuk, Y. Bazhal, V. Geyets, V. Gurova [4], L. Fedulova and others study
foreign experience in the formation and functioning of national innovation systems in
the context of building NIS in Ukraine.

The formation of the national innovation system (NIS) and its effective activity
organization is a principal factor in improving the economic competitiveness, but the
structure of NIS and the generalization of indicators to assess its effectiveness
requires further development.

The objective of the article. The paper aims to identify the functions and
research the structure and generalization of indicators to assess the effectiveness of
the national innovation system.

Presenting the main material. Innovative activity is inherent in humanity
during the entire long evolution of its development; never before has its importance

been as crucial as at the current stage of development. The essence of a new society is



the constant reproduction and implementation of innovations [5, p. 40].

The first sign of innovativeness is high knowledge intensity (the share of
expenses on research and development in the company's sales); the second sign is a
high share of new products or services in the structure of a company or industry
output (sales, production. In this case, we are talking about the so-called linear
models of assessing the degree of innovativeness. The next step in measuring
innovation is more complex notions of innovation processes that are non-linear,
random, and dependent on past development [6, p. 64].

According to practitioners, the mechanism for the rapid assessment of national
innovation systems is functional analysis. The functional approach implies a

particular sequence of stages in the innovation system analysis (Fig. 1).

Innovation system analysis

I. Defining the boundaries of the analyzed innovation system

\ 4
II. Identification of system-creative groups, including the main
elements of each of them

y

II1. Rationale for the innovation system functions

a) Determination of the b) Identification of | c) identification
contribution of the main missing or weak of missing or
elements and system- elements of the weak links
creative groups in innovation system between NIS
performing the elements
innovation system
functions

Fig. 1. Stages of innovation system analysis in the functional approach

When considering a national innovation system, the first stage is easy to go
through, but analyzing sectoral or sub-sectoral systems is not so easy. The second
step involves identifying the main elements in each of the following systemic groups:

the private sector; the public sector (including policymaking, coordination, financing



and regulatory bodies); the research sector; technology transfer companies and other
intermediaries; public organizations; and foreign partners.

The third stage, which involves defining the main functions of the innovation
system, is associated with difficulties, since there is no agreed list of such functions
in the scientific literature.

The essence of NIS can be revealed through its functions. A. Paterson, R.
Edam and J. Mullin, studying the practices of different countries, compiled a list of
functions that should be performed by the national innovation system. They divided
this list into two groups [2]:

1) functions that are the prerogative of the central government:

- formulating policies and allocating resources at the national level;

- providing specialized advice;

- regulatory policymaking;

- implementation of international scientific and technical relations;

2) functions that the central government performs together with the third
parties (public research organizations, private sector, non-governmental
organizations):

- financing of activities related to innovation;

- R&D and innovation implementation;

- networks and flows of knowledge transfer creation;

- development of human resources capacity;

- technical services and infrastructure development.

The main feature of the list of functions is the emphasis on the role of
government in the innovation system, as the subject of the scientists' research was the
public sector. Therefore, other authors suggest other functions.

According to A. Johnson: “The goal of an innovation system may be said to be
to develop, diffuse and utilize innovations” [1]. Having analyzed the use of functional
analysis in the works devoted to innovation systems, A. Johnson identified a list of
general functions that an innovation system should perform; in particular, she

identified two main functions directly related to the innovation process:



1) the function of identifying problems;

2) the function of developing solutions to the identified problems (i.e. to create
new knowledge).

A. Johnson noted some support functions indirectly influencing innovation, in
particular: to supply incentives for companies to engage in the innovative activity; to
supply necessary resources (finances, qualified personnel, R&D infrastructure); to
guide the direction of search (influencing the direction of resource allocation); to
recognize the potential for growth of the innovation (technology capabilities,
successful market strategy); to facilitate the exchange the information and
knowledge; to stimulate and create markets for innovation; to reduce social
uncertainty of markets [1].

M. Heckert and S. Negro distinguish the following functions of national
innovation systems:

1) entrepreneurial activity;

2) knowledge development (learning);

3) knowledge diffusion through networks, 1.e. information exchange;

4) guidance of the search;

5) market formation;

6) resources mobilization;

7) creation of legitimacy/counteract resistance to change [3].

Later they are once again provably limited to just the listed seven functions [7].

E. Hasanov identifies five main functions of NIS: flexible response; selection;
stimulation; innovation and generative one [8]. In our opinion, the listed functions are
rather functions of the whole economic system. The analysis of these functions
confirms this judgment (Table 1).

In our opinion, the main functions of the national innovation system are:

1) formulation of the innovation policy as a guide for all elements of the
innovation system in terms of their role and functions within the system, as well as

directions of development (i.e. goals to be achieved);



Table 1. Functions of National Innovation System

Function Function characteristics

Flexible response | Provides a rapid response to all changes in the national and world economy, there is a
discovery on this basis of new non-traditional factors of production. Potential flexibility
is the ability of the system to respond to changes in input and output values, as well as
production conditions without losing stability and efficiency. The level of this flexibility
depends on the ability to quickly compensate for changes in requirements without
disrupting the internal flow of the process. Factors that determine the potential flexibility
of the system are the flexibility of the individual elements of the system and the degree
of their interaction.

Selection It consists in establishing a special regime for certain types of information and
technology, considering their content and purpose of use, thereby encouraging or
restraining their dissemination.

Stimulation Stimulates the formation of new factors, types, forms, organization of information
production in the national economy. The function of stimulation is understood as all
factors making it possible to influence any activity and positively affect its functional or
qualitative properties.

Innovation Consists of factors contributing to the development of new knowledge and information,
the implementation of technical changes, and the emergence of new market relations.
This is a complex of scientific, industrial-technological, managerial, marketing and other
knowledge, new in relation to previously accumulated.

Generative Its implementation involves spreading new information and innovative technologies to
all spheres of the economy and society. This function facilitates the perception by
producers of scientific, technological and organizational innovations, their mass
distribution and their displacement of conventional ones. In the process of perception
and dissemination in production, the technology loses its market novelty and becomes
traditional. With the emergence of a new generation of innovations, the process is
repeated.

2) provision of regulatory and legal framework: considering the number of
participants of the innovation system and often contradiction of their interests, the
necessary set of regulations and laws (in the field of intellectual property rights, fair
competition, technical standards, health and ecology, etc.), which create equal and
fair conditions for all participants of the system;

3) identification and selection of priorities in innovation and research and
development with the highest economic or social impact;

4) mobilization and allocation of resources: the availability of resources to
finance innovation activities is usually limited, so they must be mobilized and
allocated. There are different ways of effective use of budgetary resources, as well as
various forms of financing of science and innovation by the business sector;

5) implementation of research activities: this function ensures the functioning
of scientific and innovation organizations, determines the scale and efficiency of

results;




6) creation of human capital: investments in human and physical capital are
long-term strategic decisions;

7) providing incentives for the innovation development: the government can
implement incentive policies in the form of financial incentives (tax vacations,
subsidies, etc.), as well as through intangible incentives (prestige and recognition);

8) support for the new (high-tech) industries and services development:
innovation activity and knowledge intensity of the economy is largely determined by
its structure.

The most important characteristics of NIS are:

- the presence of branched interaction between the subjects of innovative
activity;

- the cross-cutting and multi-level nature of the interrelations within the
system,;

- The presence of a number of different components (elements);

- The decisive role in the formation and development of NIS is played by the
state;

- it is an integral part of the economic system of the country and serves as a
link between macroeconomic policy, science, the educational system, high-tech
industry and the market;

- it is aimed at achieving the strategic goals of the macrosystem;

- produced knowledge, technologies, innovations within NIS should be
competitive both within the country and on the world market.

The simplest model describing the interaction of elements of NIS is that the
role of the private sector is to develop technologies based on their own research and
in the market development of innovations, the role of the state in promoting the
production of fundamental knowledge and a set of technologies of a strategic nature,
as well as in creating infrastructure and favorable institutional conditions for
innovative activities of private enterprises. Different variants of this model
implementation in the conditions of socio-economic development of each country

form the national characteristics of innovation systems.



Based on the analysis and synthesis of studies of the innovation system
elements by domestic and foreign economists, the structure of NIS is summarized,
containing:

1) priorities and strategy of innovation policy;

2) normative-legal base in the field of development and stimulation of
inovation activity;

3) innovation infrastructure;

4) system of generation and distribution of knowledge;

5) innovative companies, including large scientific and industrial companies,
high-tech industrial creation;

6) institutions in the field of education and vocational training: training in the
organization and management in the field of innovation;

7) market conditions conducive to the implementation of innovation;

8) marketing and financial components of creating and promoting innovation;

9) interaction with the international environment;

10) mechanism of innovative development, reflecting the system of relations
between the above elements.

In addition to these elements, it is necessary to consider a set of social,
political, cultural and international factors directly affecting the dynamics and nature
of the innovation system development within national borders.

This set of elements is necessary and sufficient for the development of NIS
because the exclusion of any component leads to a break in the innovation process
and therefore makes the entire system impossible to function. All elements are
equivalent in the process of formation and development of NIS. Components of the
innovation environment do not exist in isolation but are in close functional
interdependence. Strategic management of NIS is carried out by changing the
external parameters, the values of which are defined in the framework of
macroeconomic policy, and the mechanisms of achieving them are set by law.

The scale and level of development of individual components and the nature of

forward and backward linkages determine the differences in the innovation systems



of different countries.

The formation of NIS is individual for each country and is determined by the
existing socio-economic relations. However, in each case, some approaches and tools
can be used, which have proved their effectiveness in other countries. The main
regularities of NIS development have been identified:

- the state plays an active role in the formation and functioning of the NIS;

- the role of the state in the management of economic processes is changing
with the formation of NIS;

- the transition from direct to indicative management;

- development of technologies, primarily, information and telecommunication,
contributing to the creation of network structures, the management of which is based
on synergistic principles (self-organization);

- the role of regions in the innovation processes development is increasing, and
the innovation system is seen as a tool for the development of territories;

- as national innovation systems develop, they are being integrated into
supranational ones, which corresponds to globalization processes.

Most scientists observe the general methodological principles of NIS
development [4, p. 156]:

- knowledge plays a specific role in economic development;

- the main factor of economic dynamics is competition between entrepreneurs,
which is based on innovation,;

- the institutional context of innovation activity has a direct impact on its
content and structure.

Considering the identified patterns, a number of basic principles of NIS
development were formulated:

1) knowledge is a strategic resource of economy of post-industrial society,
innovation activity becomes a determining factor of its development, and the national
innovation system - the institutional basis;

2) NIS is formed and develops in stages, differing in the level of development

of the factor system;



3) NIS is formed on the basis of the balanced application of state and market
mechanisms of economic regulation, taking into account the features and level of
socio-economic development of specific territories.

Considering the identified patterns of NIS development and taking into account
the basic principles, we can summarize the main requirements for NIS:

- ensuring the growth of competitiveness of knowledge-intensive products and
the country's economy as a whole;

- sufficient stability ensuring normal functioning of NIS in the changing
economic situation

- the transformation of NIS into a tool for development of depressed regions
and reducing the differentiation in their socio-economic development;

- the ability to integrate into the innovation systems of the highest level.

The NIS development strategy is determined by state macroeconomic policy,
normative and legal support, forms of direct and indirect state regulation, the state of
scientific, technological and industrial potential, domestic commodity markets, labor
markets, as well as historical and cultural traditions and characteristics.

The above approaches to the formation of NIS are general and can be used in
the development of innovation policy, and implement the strategic objectives of the
economic development of the country. At the same time, if the state strategy is aimed
at the transition to a post-industrial society, the process of formation of NIS can be
considered the initial stage of its implementation. In this case, it will be necessary to
revise the views on innovative activities, in particular, the spread of innovative
approaches not only to the sphere of production technology but also to the industries
that provide vital activity and meet human needs - education, health care, culture.

There are some different indicators assessing the level of the innovation system
development, its potential. The formation of indicator system for evaluating the NIS
effectiveness is based on national features of its formation and development
priorities, so it should include an assessment of all stages of the innovation cycle and
related processes. Such a system usually contains aggregated and partial indicators.

The most appropriate measure for an objective evaluation of the innovation system



effectiveness is the ratio of changes in costs and results. At the same time, intensive

development of the macrosystem is only one of the possible options, and in addition,

efficiency can also be described by qualitative indicators (state of the legislative

environment, level of infrastructure development, etc.).

Among a variety of indicators used in various methods to assess the

effectiveness of NIS, it is possible to identify a set of key indicators to evaluate the

level and conditions of development of the innovation system as a whole (Table 2).

Table 2. The main indicators of the assessment of the national innovation system

level and conditions of development

Group of indicators

Indicators

Indicators of the
achieved level of
scientific and
technological
development

- average age of scientific equipment (years);

- the share of innovation-active companies in their total number in the industry;

- the level of innovation activity of industries (the ratio of the volume of
expenditures on innovation to the volume of current and capital expenditures of
enterprises of the industry);

- the share of advanced production technologies (APT) that have been used for less
than three years to the total number of APT (%)

Qualitative indicators
of the market
institutions and
legislation
development

- level of bureaucratization;
- the number of small businesses in the innovation sphere

Educational level of
the workforce

- the average age of researchers with a degree (years);
- the degree of susceptibility to innovations by the personnel of the enterprise

Financial indicators

- expenditures on research and development (in % of GDP);
- share of innovation costs in the total volume of industrial output (%);
- efficiency of expenditures on innovation activities

Indicators of
knowledge transfer
and use

the share of innovative products in the volume of industrial production (%);

- number of patent applications for inventions per 10 thousand people;

- the ratio of the number of patent applications filed by national applicants abroad
and in the country;

- specific weight of the country in the international trade in technologies (%);

- import dependence of innovation activity (the ratio of the cost of purchasing
imported technologies to the industry's expenditures on innovation)

Quantitative and
qualitative indicators
of economic growth

- life expectancy;

- GDP per capita;

- environmental characteristics;

- level of competitiveness of the national economy

Indicators for assessing the NIS effectiveness are, in particular, a reflection of

the conditions under which it is formed and develops. More often the characteristics

of an effective NIS contain:

- sustainable development and functioning of the macrosystem subjects;




- priority of innovative type of development;

- clear definition of NIS objectives;

- availability of effective state policy in the sphere of innovation activity
development;

- a limited number of priority (critical) areas of scientific and technological
development;

- ability of the educational sphere to provide the need for specialists of
appropriate qualifications in the field of innovation activity;

- ability of the financial system of the country to provide the necessary
resources for innovation activity;

- readiness of the industrial sector to perceive innovations of the world level
and to respond to changes in the competitive environment;

- high level of innovation activity information support.

Conclusions. The national innovation system is a set of economic entities
(enterprises, research organizations, consumers) and institutions (legal, legislative,
financial, social), interacting in the production, distribution and use of competitive
knowledge and technology aimed at implementing the strategic objectives of
sustainable development of the economic system and contribute to the
competitiveness of its subjects, including states at the international level.

The most important characteristics of NIS: the interaction between subjects of
innovation activity; end-to-end and multi-level nature; containing a number of
interrelated components (elements); the decisive role in its formation and
development belongs to the state; is an integral part of the economic system of the
country and acts as a link between macroeconomic policy, science, education, high-
tech industry and the market; aims to subordinate the objectives of the macro system
at all stages of the innovation process; produced knowledge.

Further research and development requires a model of interconnection of the
main elements of the national innovation system, which has the properties of
integrity, certainty, observability, universality, constructability, flexibility and

adaptability to constant changes in the internal and external environment.
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