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Investigating the Approaches to National Innovation Systems Modeling

Abstract. The article analyzes some modern approaches to modeling national innovation systems that are
presented in scientific literature. We use modern methods for analyzing bibliography and preparing
literature reviews: co-occurrence, and the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-analyses) method. With the help of this approach we conduct relational analysis of documents
by systematizing and arranging keywords into special semantic clusters that reflect interest in modeling
national innovation systems. The research focuses on mathematical models of national innovation
systems and models that use empirical quantitative data analyzed with the help of various econometric
methods based on the Russian specifics of economic development. In this regard, when searching for and
analyzing relevant sources, we used the filters “Russian innovation system”, “national innovation system
and Russia”. We have revealed that the majority of publications focuses on such aspects as digitalization,
neo-industrialization, innovation policy and technology. We identify four directions for modeling national
innovation systems: macroeconomic modeling of innovation systems, modeling of growth based on the
development of innovation systems, modeling of innovative activity of firms, modeling of institutional
factors contributing to the development of innovation systems. The national innovation system is modeled
mainly through the use of indicators related to patenting, the volume of exports and the production of
innovations. Factors determining the development of national innovation systems in this context include
R&D and innovation expenses, investment in technology, education, infrastructure, human resources
and the quality of human capital. Conclusions on the analyzed models often do not coincide regarding
the role of the state in financing innovations, the role of various elements of the institutional structure of
the economy, such as intellectual property rights and mechanisms for their protection, as well as the role
of political factors. On the other hand, the conclusions are consistent in terms of the impact of innovation
on economic growth and development: we note a positive correlation with indicators reflecting the
development of national innovation systems.
Key words: innovation, national innovation system, economic growth, institutional structure, economic
policy, Russian innovation system.
Problem statement
Innovations, including the framework in which
they are created and implemented, are an important
condition of economic development. The creation
of innovations largely depends on the level of
development of science and technology within
an economic order. Traditionally, science and
technology are considered as key factors in modern
macroeconomic models of economic growth [1; 2].
The development of science and technology in the
modern world largely depends on the public policy
in the field of science and innovation. Modeling the
processes of the influence of science and technology
in the context of public policy development is quite

136

important, because a simplified understanding of
the links between science, technology and economic
growth can produce negative outcomes [3].
Modern national innovation systems (NIS) are
most often considered as a set of institutions and
organizations that generate new knowledge and
technologies and contribute to their application in
production [4]. The innovation system consists of
elements and connections that are rooted within
national borders and interact in the production,
dissemination and use of economically useful
knowledge [5]. In research practice, this is embodied
in the construction of various formal models of NIS.
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In the paper, we analyze how innovation processes
are modeled in modern economic literature in the
context of various national and institutional features
of innovation systems.
Our main focus is on the study of mathematical
models of national innovation systems and models
using empirical quantitative data analyzed with the
help of various econometric methods. In the
course of the analysis, we identify and classify
various models and approaches to formal modeling
and explanation of the functioning of innovation
systems; thus, we distinguish four types of them. In
this regard, the main goal of our work is to identify
main hypotheses of innovation models and their
corresponding statistical aggregates for the purpose
of studying them using narrative analysis methods.
Within the framework of the article, we focus on
obtaining “primary” information from the analysis
of models for the purposes of formulation and
content-related verification by methods of narrative
analysis in subsequent works.
Identifying the array of relevant NIS models
Modern scientific literature pays considerable
attention to the problems associated with the
functioning of NIS. In order to achieve the goal
set in this article, we carried out an analysis of NIS
modeling using two approaches: co-occurrence
and PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses), which
were not previously used together in Russian social
sciences. These approaches have been actively used
in the social sciences over the past decade, thus,
it allows us to streamline and algorithmize the
process of analyzing bibliography and preparing a
literature review on a particular scientific problem
[6; 7; 8].

Co-occurrence method
In order to build visual maps and visualize
bibliographic data, we used the co-occurrence
method, which allows us to carry out a relational
analysis of documents based on the systematization
and ordering of key words into special semantic
clusters reflecting interest in a particular problem
for a selected period. Initially, this method was
used for targeted search, later – for evaluation and
presentation of research results. Visualization is
based on the use of authors’ key words, because
authors carefully select them so that they could
reflect main concepts of the published works. The
method implies the following sequence of actions:
1) search and filtering of literature, removal of
duplicates; 2) key word selection and basic statistical
analysis; 3) visualization of the key word network;
4) interpretation of clusters [9].
The articles included in the study were identified
by searching the Scopus and Web of Science (WOS)
databases, which are among the most widely used
and recognized academic databases in the world.
Table 1 shows combinations of key words and the
initial search results. In Scopus, the search was
carried out using the field “Article title, Abstract,
Key words”; in WoS, we chose an equivalent field
with the name “Topic”. The search was carried out
without setting particular limits for the publication
date.
The selected publications belong to the research
field of several sciences, with most of them in
Economics, Econometrics and Finance; Business,
Management and Accounting; and Social Sciences.
Figure 1 shows the results of analysis of key words in
WoS, based on the number of matches of at least two
key words, which means the number of publications

Table 1. Key words and initial search results
Key words

WoS

Scopus

Russian innovation system

9

19

National innovation system and Russia

54

87

Source: own compilation on the basis of own research findings.
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Figure 1. Key word clustering (WoS)

Source: own compilation on the basis of own research findings.

Figure 2. Occurrence of key words by year (WoS)

Source: own compilation on the basis of own research findings.
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in which both terms occur together. Thus, 39 out of
284 terms were used for clustering. Figure 1 shows
authors’ keywords divided into eight clusters, and
Figure 2 shows a network with overlap of publication
year, i.e. it is shown which words were used most
often in publications in a particular year.
The most extensive cluster (highlighted in red in
Fig. 1) includes such terms as “digitalization”,
“information and communication technologies”,
“innovation development”, “innovative eco
nomy”, “innovative products”, “leadership”,
“neoindustrialization”, “transformation” – they
are related to research on innovation development.
Next, we see the terms “growth”, “industry”,
“innovation development strategy”, “innovation

system”, “research-and-development”, “spillovers”
(green cluster) – they are related to research and
development. We should note that the terms
“higher education system” and “university” are
included in different clusters: the former is in
conjunction with “innovation policy”, “national
innovation system” and “indicative planning”, and
the latter is combined with the terms “innovation
infrastructure” and “competitiveness”.
Clustering and occurrence of key words by year
in Scopus are shown in Figures 3 and 4. Clustering
is based on the number of matches of at least two
key words. Thus, 83 out of 509 terms were used for
clustering. Eight clusters can be distinguished here,
as well.

Figure 3. Key word clustering (Scopus)

Source: own compilation on the basis of own research findings.
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Figure 4. Occurrence of key words by year (Scopus)

Source: own compilation on the basis of own research findings.

According to Figures 1 and 3, the terms
“national innovation system”, “innovation”,
“innovation development” and “innovation policy”
are most common in the WoS and Scopus databases.
Figures 2 and 4 show the evolution in research
terminology. The terms “innovation infrastructure”,
“leadership”, “digitalization”, “knowledge
spillover” are highlighted in yellow, which indicates
an increase in their usage in recent publications.
The visual analysis of the bibliographic data
helped us clarify key points for the next stage of the
study, namely, the application of the PRISMA
method.
PRISMA method
We use the PRISMA method to conduct a
systematic study of the literature on the chosen
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topic. The PRISMA method is widely used in many
scientific fields, but it has become especially
widespread in medicine. In the social sciences,
the PRISMA method is applied to a wide range of
issues, since it represents a systematic review aimed
at identifying, evaluating and interpreting the results
of research that is relevant and related to a specific
topic to be studied. The implementation of the
corresponding procedure implies the sequence of
several steps: identification of sources, identification
and removal of duplicates, screening and assessment
of eligibility [10].
Step 1 – identification of the sources. At this
stage, we searched for works in several science
citation databases: the international databases Web
of Science and Scopus, as well as the Russian
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Table 2. Search queries to science citation databases
Database

Search query

Search restriction criteria

Web of Science

(“Russian innovation system”) OR (“National
innovation system” and Russia)

Absent

Scopus

(“Russian innovation system”) OR (“National
innovation system” and Russia)

Absent

ELibrary

(“Russian innovation system”) OR (“National
innovation system”) OR (Национальная
инновационная система) OR (Российская
инновационная система)

Search in: the title of the publication.
Type of publication: journal articles, dissertations,
books, conference materials.
Subject: no restrictions.
Authors: no restrictions.
Journals: no restrictions.
Parameters: search based on morphology.
Years of publication: no restrictions.
Received: for all time

Source: own compilation on the basis of own research findings.

database of the national electronic library eLibrary.
The basis consisted of the following key queries
“Russian innovation system”, “National innovation
system” and Russia; since eLibrary contains a large
number of Russian-language publications, these
queries were supplemented with their translated
counterparts (“национальная инновационная
система” and “российская инновационная
система”). We did not apply restriction criteria at
the identification stage for the Scopus and Web of
Science databases; the following advanced search
parameters were set for eLibrary: inclusion of a key
query in the title of publication, publication type –
articles in journals, dissertations, books, conference
materials. Search queries and exclusion parameters
are formulated in Table 2.
This step allowed us to identify 1,379 scientific
sources. Additionally, other publications identified
during the search in the above databases, as well as
in the Google Scholar system, were included –
this increased the total research base by 232 units.
In total, 1,611 publications were selected at the
identification stage.
Step 2 – identifying and deleting duplicates. In
the course of checking the research base for
duplicates, 301 works were identified and deleted,
therefore, 1,310 sources remained for further
consideration.

Economic and Social Changes: Facts, Trends, Forecast

Step 3 – screening. This stage includes checking
publications for compliance with the topic. We
excluded materials that did not meet the basic
inclusion criteria, according to which the topic
of the work relates to the study of national
innovation systems, or the work contains a model
of the national innovation system. We also excluded
materials that cannot be considered in full text
either because there is no access to them or the
publications are in languages other than Russian and
English. This allowed us to discard another 1,173
sources, leaving only 137 for further consideration.
Thus, already at this stage, only 8.5% of the works
from the initial sample were submitted for analysis.
Step 4 – assessment of eligibility. Verification
involves identifying scientific sources that contain
mathematical models of national innovation
systems. Consequently, those works that contain
only a conceptual description of NIS, a simple
description of relevant statistics, that is, do not offer
a specific formal analysis, were subject to exclusion.
This reduced the original sample by another 88
sources. In the future, using qualitative analysis,
we excluded ten publications that did not meet the
search criteria. In total, 39 papers were selected for
final consideration – 2.4% of the initial number of
publications.
The PRISMA flowchart is shown in Figure 5.
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Included

Eligibility

Screening

Identification

Figure 5. PRISMA flowchart
Publications identified by key queries in
databases
Web of Science, Scopus, ELibrary
(n = 1,379)

Additionally identified
publications
(n = 232)

Total number of publications
(n = 1,611)

Duplicates excluded
(n = 301)

Publications to be screened
(n = 1,310)

Materials excluded
(n = 1,173)

Publications to be considered
(n = 137)

Materials excluded
(n = 98)

Publications included in the analysis
(n = 39)

Source: own compilation on the basis of own research findings.

Typology of NIS models
In the course of a content-related analysis of the
selected scientific literature, we classified models
into four types based on the generality of
conclusions: macroeconomic modeling of
innovation systems, modeling of growth due to
the development of innovation systems, modeling
of innovation activity of firms, modeling of
institutional drivers of development of innovation
systems (Fig. 6).
Each of the selected varieties includes many
approaches to NIS modeling. Thus, macroeconomic
modeling of innovation systems is often carried out
using patenting indicators (the number of
registered patents, filed applications), production
and economic indicators (output and export of
high-tech products, GDP, investment and R&D
expenditures), publication activity indicators (the
number of research papers). When modeling growth
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due to the development of innovation systems, the
latter are reflected as indicators of GDP and its
derivatives (growth rates, labor productivity, GDP
per capita) and as global competitiveness indices,
HDI, Gini coefficient. Modeling of innovation
activity of firms is focused on studying the features
of innovation activity of actors at the micro-level;
therefore, first of all, what is taken into account
includes innovation strategies of firms, types of
their cooperation in the framework of creation
of innovation, the expectation of participants’
gains and their perception of obstacles, as well
as the corresponding indices. Regarding the
institutional factors in innovation systems, it is
useful to take into consideration the previously
mentioned macro-indicators of patenting,
production, GDP, innovation indices, and microlevel indicators, in particular innovation strategies
of organizations.
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Figure 6. Typology of NIS models
Type of models

Resulting variable
- number of patents;
- volume of innovative goods created
or services provided;
- publication activity indicators

- GDP;
- growth rate;
- indices (e.g., human development index, global
competitiveness index,Gini coefficient)

- innovation strategies of firms;
- types of cooperation in the production of
innovation;
- expected gains of participants;
- indices (regional innovation
index)

modeling the institutional
drivers of NIS development

- number of patents;
- production of innovative goods and services;
- GDP;
- innovation indexes;
- innovation strategies

Source: own compilation on the basis of own research findings.

This classification helps us typologize the sets of
approaches and variables that are used in the
scientific literature. In further research, this
typology can be supplemented and expanded by
increasing the volume of analyzed information
and conducting interdisciplinary research in this
direction.
Macroeconomic modeling of innovation systems
The number of patents (filed by residents and
filed on the territory of the country; the number of
approved or registered applications) is most often
used as the resulting proxy variables when modeling
NIS. In such cases, authors note that this variable

Economic and Social Changes: Facts, Trends, Forecast

positively depends on R&D expenditures in
general, including business and/or government
expenditures on R&D, business expenditures
on innovation, as well as investment indicators
of various kinds: investment in innovation, for
example supercomputers, investment in technology,
general investment in education and foreign direct
investment [11–18].
It is noteworthy that some researchers find
that the production of innovation is carried out
effectively not only or even not so much by
large research centers as by small ones. Thus,
J.K. Perret writes that regions with major and
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advanced research centers are less efficient than
those with small research institutes, since in the
former there is a negative scale effect from hiring
more researchers [12]. This idea is confirmed by
other works, according to which small towns can
demonstrate scientific achievements no less than
or even superior to those in large agglomerations
[19; 20]. The small size of the region is not an
obstacle to effective innovation; moreover, authors
note that regions with low R&D indicators can
become effective, because patents can be the
result of people’s pure creativity not related to the
systematic work of research institutes [21]. The
conclusion about individual innovation creation
activity is consistent with another study, the author
of which concludes that individual inventors
register more patents than domestic and foreign
companies [22].
A popular variable reflecting NIS is the volume
of innovative goods or services created, that is, the
volume of high-tech exports or production and sales
of innovative goods (at the level of firms). In various
models, this variable shows dependence on a variety
of factors characterizing human capital (the number
and structure of the workforce and personnel, the
level of education), infrastructure (in terms of the
use of computers), innovation activity (production
of innovative goods, expenditures on R&D, science,
investment in innovation, the number of enterprises
engaged in the creation of knowledge), institutional
structure (government, business conditions),
financing (volume of lending) [15; 23–27].
Publication activity indicators (the number of
published research papers, citation indicators) as a
way of reflecting the functioning of NIS are used
less commonly. The determinants here are generally
the same factors as in the previously mentioned
models: human capital (number of researchers, level
of education), investments (R&D expenditures,
foreign direct investment, education expenditures),
indicators of innovation activity (patent registration,
import of high-tech goods) [19; 28].
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Modeling growth through the development of
innovation systems
GDP (the total indicator or in terms of per
capita, or growth rates) is a traditional indicator of
economic growth. Econometric models reflecting
the impact of NIS on GDP show that there is a
positive correlation between the indicators of
production of innovative goods and services (value
added of knowledge-intensive industries, cost of
high-tech exports), innovation activity (number of
patents, publication activity), investment (R&D
expenditures, science financing, foreign direct
investment), human capital development (education
indicators – education costs, number of students,
number of research staff), infrastructure (Internet
access, cellular communications), financing and
taxation (lending, tax rates) and economic growth
[29–38].
When it comes to attempts to model economic
development, then there are significantly fewer
publications on this topic. As a rule, the proxy
variables here are represented by combinations of
some factors reflecting economic development,
or various indices, for example, the human
development index, the Gini coefficient. However,
the variables affecting it are generally the same as for
economic growth [39; 40].
Historically, in economic theory, economic
development is associated with factors and vari
ables that are difficult to quantify, in particular, the
state of the institutional structure or the quality
of economic policy. Due to the complexity of
including such institutional factors in the analysis
using formal modeling, it is necessary to supplement
mathematical modeling with conceptual modeling
using qualitative methods. As noted by the Nobel
laureate R. Shiller, in the framework of narrative
economics, econometric modeling can be supple
mented with qualitative research [41].
Modeling the innovation activity of firms
The models describing innovation activity at the
micro-level are very fragmented. This is probably
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due to the fact that the data for such a study were
obtained in the process of using mixed methods:
surveys and questionnaires, which forms a
heterogeneous sample of initial data, and, therefore,
various aspects studied in publications.
First of all, the innovation activity of firms is
associated with the enterprise itself. As Bengt-Åke
Lundvall notes, large enterprises in high-tech
industries with their own innovation strategies
work more intensively in relation to the production
of innovations; it is also indicated here that those
enterprises that produce customized products are
more likely to be intensive innovators [42; 43]. The
researchers also highlight the fact that medium and
large enterprises focused on global and national
markets are involved in the process of innovation
interaction to a greater extent. In general, the
increase in R&D expenses on the part of business
is associated with the cooperation of the former
with relevant organizations, while state-owned
enterprises more often interact with universities [44].
D.A. Gordeev and V.V. Akberdina propose
another approach based on the expected benefits
from participation in innovation processes. Their
conclusions, however, are not at variance with
the previous ones: the behavior of organizations
is determined by a set of regulatory and
organizational and managerial factors, that is,
the conditions and goals of this activity, as well as
interaction with the environment represented by
state actors, science and entrepreneurship, and
the corresponding restrictions [45]. In general,
the importance of the state as one of the parties
to ensuring political conditions that are taken
into account by an individual when making
decisions regarding investments (in this context,
as the development of technology transfer) is
emphasized in the work of B.E. Odintsov, in which
the researcher points out that investors’ interest
increases with external political and economic
stabilization, as well as stabilization of the federal
level of government [46].

Economic and Social Changes: Facts, Trends, Forecast

The availability and localization of resources are
also important in modeling innovation activity. In
addition, financing plays a key role for enterprises,
unlike institutional representatives who find that the
education factor is more important for innovation
development [47]. A broader view of the obstacles to
innovation from the point of view of firms involves
taking into account additionally such factors as
unfavorable environmental conditions, detachment
from innovation interaction, intra-company factors
(including the problem of human capital), high
risks, flaws in infrastructure [48].
The environment in which a company is
functioning also plays an important role in terms of
innovation activity. For example, the interaction
between firms in an innovation environment and
the exchange of knowledge directly depend on
the intensity of the firm’s R&D activities and the
system of protection of its property rights [49].
As if to prove this idea, it should be noted that a
firm existing in both the sectoral and regional
environment is affected from both sides, however,
the sectoral innovation system is associated with the
intensive growth of the enterprise, while the regional
innovation system contributes to the extensive
growth of the company [50].
Modeling institutional drivers of innovation
systems development
It is noteworthy that even with the relative
homogeneity of approaches to the reflection of NIS
in models, the conclusions obtained from empirical
data vary greatly even with respect to the basic
aspects that are considered determinants of
innovation activity.
Financing is one of the key aspects mentioned
in determining the drivers of innovation perfor
mance [51]. As a rule, it is assumed that government
spending has a positive impact on NIS, and many
models show that this is true: government spending
on research and development is an indicator of the
innovation system, which has a positive effect on
economic growth [31]; the same relationship exists
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between budget allocations for science and GDP
[37]. However, not all points are unambiguous.
Governmental support and financing are not
significant with regard to promotion of cooperation
between science and industry, it is not affected by
either targeted or general measures (taxes, interest
rates); only special measures of network support
(technology platforms, clusters) prove effective [44].
A similar idea can be traced in another article [25]:
the regression model has revealed that government
spending on R&D does not have a significant impact
on high–tech exports – an important indicator
of the national innovation system. Another study
shows that public financing is insignificant in the
case of Russia, that is, it does not have a significant
impact on the openness of innovation activity or the
exchange of its results [49].
The question of the need and role of government
spending seems to be difficult, given that firms tend
to note just the need for resources as a key factor
affecting their activities in the field of innovation
[47], and the lack of financial resources and
government support as one of the main obstacles to
these activities [48].
Another factor influencing innovation activity
is the system of property rights protection. It is
obvious that actors have more incentives to create
new goods and services when there are guarantees
that their innovations are protected from copying,
expropriation, etc. Nevertheless, when studying
findings of the studies involving this aspect, one may
encounter somewhat heterogeneous conclusions.
Although the complexity of the property rights
protection system has a positive effect on the
involvement of firms in the exchange of knowledge,
at the same time we should note that this aspect
requires more detailed research; moreover, it was
revealed that a significant number of enterprises
recognize this same factor as an obstacle to the
exchange of technological achievements [49]. On
the other hand, there is evidence of a significant
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and positive impact of the property rights protection
system on the processes of cooperation between
industry and the academia, and both formal and
informal instruments are important in this regard
[44]. At the same time, modeling the dependence
of labor productivity on a number of indicators
characterizing the openness of the national
innovation system has revealed such factor as the
cost of using intellectual property does not have a
significant impact on the regressand [38].
The importance of institutional factors for
innovation is also investigated in the context of
ownership forms that promote or hinder innovation
activity. The failures of the national innovation
policy in terms of non-fulfillment of the function
of creating, storing, distributing and economically
applying knowledge are caused by the distortion
of the motivation of actors due to the flaws in the
institutional structure, for example, in institutions
related to intellectual property [52].
Another contradiction is observed regarding the
question of assessing the importance of the
institutional structure in the context of national
innovation systems and their impact on economic
growth. As a rule, it is assumed that institutions
are important for economic development
[53; 54; 55].
It is also logical to assume that developed
institutions have a positive impact on innovation
processes. On the one hand, some empirical
studies confirm this fact. Thus, S. Zemtsov and
M. Kotsemir come to the conclusion that insti
tutional conditions provide the best opportunities
for interaction between actors in the innovation
process [21]. On the other hand, some models show
that the institutional component is insignificant
[36; 40]. S.M. Pyastolov in his article demonstrates
a model of the impact of various factors on the
index of innovation output, where the coefficient
for a variable of institutions takes a negative
value [56].
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Conclusion
The relational analysis of publications that we
have conducted allows us to present a picture of
research devoted to the modeling of innovation
systems. The study of innovation systems is within
the research field of several sciences, with most of
them in economics, econometrics and finance,
business, management and accounting, and the
social sciences. Having analyzed scientometric
indicators, we reveal that in recent years there
has been an increase in publications on this
topic, accompanied by an increase in references
related to the topic of key words in scientific
publications.
Studies of national innovation systems in
modern economic theory focus on the mechanisms,
quantitative results, and indicators of the
functioning of organizations. Qualitative analysis
and interpretation of the articles helped us to
identify and establish four main aspects of national
innovation systems modeling: on the one hand,
NIS macro-models and modeling economic growth

through the development of innovation systems, and
on the other hand – modeling institutional drivers
of innovation systems development and modeling
the innovation activity of firms.
The analysis of variables of the above types of
models is important for understanding formal
modeling, an essential aspect in the study of
national innovation systems. The variables of the
considered types of models will be used in the
future to organize the collection and analysis of
qualitative data within the framework of narrative
economics, the newest scientific direction. In this
regard, the results obtained in the course of our
work are necessary when formulating queries in
the databases of mass media, conducting content
analysis, and formulating questions in the guides
of in-depth interviews. Conducting qualitative
research into the Russian innovation system based
on the analysis of narratives allows, along with its
formal modeling, to gain a deeper understanding
of the processes in the field of creation and
implementation of innovation.
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