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spillovers in knowledge-based economy have been investigated in the article. The defi-
nition and types of knowledge have been examined. The relationship between the R&D
cooperation, different types of knowledge, knowledge spillovers and innovation have been
traced. The main objectives of the paper are to consider the concept of the R&D spillo-
vers and connection between different types of knowledge and the R&D spillover effects.
Systematic comparative analysis, synthesis and generalization of the scientific literature
have been carried out in order to create the theoretical background of the research of the
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Introduction

The emergence of the knowledge-based economy as a socio-economic phenomenon
is due to the existence of external knowledge effects as an important source of inno-
vation development.

The level of innovation activity depends on the exchange of ideas, information,
and knowledge among individuals, between companies, organizations and countries.
There are positive externalities from knowledge exchange at different level (indi-
vidual level, company level, global level) that will be delivered through innovation.
Innovation helps to transform new ideas into new method of production, new source
of supply, new market or application, new method of organizing your company or
industry (Schumpeter, J., 1934). The more innovation activity the newer knowledge
will be acquired and the more R&D spillovers can be spread. Incoming the R&D
spillovers affect the level of innovation development of the company and have the
connection with appropriability, that effects the ability of the company to get returns
from innovation (Cassiman, B., Veugelers, R., 2002).

The R&D processes play crucial role in providing long-run productivity, economic
growth and competitiveness. The R&D activity of the company increases its innova-
tion performance, may extent impact on the profitability, innovation development and
the R&D expenditures of other companies by the R&D spillover effects. The R&D
spillovers benefits may be arisen in the process of innovation activity, enhance long-
run growth in economy, produce an additional incentive for innovation development.

The existence of the R&D spillovers is related to the R&D expenditures and may
increase the incentive for company to invest in R&D if other companies’ R&D is
complementary, increasing company’s own R&D effectiveness. However, existence
of the R&D spillovers of other companies and public institutions may have negative
effects on companies’ own R&D expenditure and reduce their level (Bakhtiari, S.,
Breuning, R., 2017).

The R&D spillovers have connection with endogenous growth theory, which ex-
plains economic growth through endogenous forces (that are related to human capital,
knowledge, innovation) rather the external forces. The theory of endogenous growth fo-
cuses on positive R&D spillover effects of endogenous forces (Romer, PM., 1986). The
spillover effects facilitate the economic growth in an indirect way — knowledge created
one economic agent may contribute to the productivity growth of the other economic
agents in various geographic areas and may reduce duplication of the R&D efforts.

The purpose of the article is to consider key characteristics of the type and forms
of knowledge, explain their connection with the R&D spillovers and develop the clas-
sification of the R&D spillover effects. The structure of the article is following: the
relevant literature overview related to the topic of the research has been summarized
at the second stage, the methodology has been elaborated at the third stage, findings of
the results have been provided at the four-six stage. Conclusions complete the article.
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Literature Overview

The concept of knowledge management has been considered in the extend number
of research: P.F. Drucker (1993); T.H. Davenport and L. Prusak (1998); A. Gaponen-
ko; P.R. Gamble and J. Blackwell (2001); T. Orlova (2008), J.M. Wellman (2009);
H. Gupta (2011); E. Hajric (2018). E. Bolisani and C. Bratianu (2018). Features of
the formation of explicit and tacit knowledge have been presented in the scientific
papers of M. Polani (1966). The dynamic theory of knowledge creation and the con-
cept of tacit knowledge management have been examined in the research conduct-
ed by I. Nonaka (1994), I. Nonaka and H. Takeuchi (1995, 1996), P.R. Nelson and
S. Winter (1982); M.D. Cohen et al. (1996). The category “knowledge spillovers” has
been characterized in the scientific articles of D. Grossman and E. Helpman (1991);
A.B. Jaffe (1998); D.B. Audretsch and M. Keilbach (2007); Z. Atkochiuniene (2019)
and O. Miroshnychenko (2019,2020). Types of the R&D spillovers and spillover effects
have been the object of the scientific research of Z. Grilichez (1992), S. Breschi and
F. Lissoni (2001), D. Tsyplakova (2010), D. Meissner (2012). Spillover effects of infor-
mation and communication technologies in higher education have been analyzed in
scientific paper conducted by E. Ogurtsova et al. (2019). Different types of knowledge
spillover effects have been examined in the research of A. Marshall (1920); K.J. Ar-
row (1962); PM. Romer (1986); Z. Griliches (1992); U. Kaiser (2002); D. Czarnitzki
and K. Kornelius (2007); A. Kandler and J. Steele (2009); D.A. Tsyplakova (2010);
D. Meissner (2012); J. Medhurst et al. (2014); V. Ramadani et al. (2017). The differ-
ences between the innovative and absorption potential of the knowledge recipient
have been presented in the scientific works of D. Meissner (2012); V. Cohen and
D. Levintal (1991), D. Leahy and J. Neari (2007). The impact of the R&D spillovers
and innovation on firm-performance of Japanese companies have been considered
in the works of A. Goto and K. Suzuki (1981); Swiss companies — N. Harabi (1997);
Belgium business entities — B. Cassiman and R. Veugelers (2002); Australian indus-
tries — S. Bakhtiari and R. Breuning (2017); the Balkans countries — V. Ramadani
et al. (2017). Geographical knowledge spillovers and regional growth have been the
object of the survey of T. Déring and J. Schnellenbach (2006).

Methods

The research was carried out based on the results of critical, comparative analysis
and synthesis of the research works in the area of the R&D spillovers, innovation and
knowledge-based economy. To consider the main differences between knowledge
and more traditional resources, to explain the nature of the R&D spillovers the sys-
tematic comparative analysis, synthesis and generalization have been used. In order
to determine connection between tacit and explicit knowledge, and the R&D spill-
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overs the inductive method has been employed. To identify types of the R&D spill-
over effects and to build classification of knowledge spillover effects the comparative,
systematic analysis and interpretation have been used. For formulating conclusions of
the research, the synthesis analyses have been used.

Connection between Knowledge and R&D Spillovers

Knowledge creates value of the company and increase its competitiveness in knowl-
edge-based economy. In the information, postindustrial society knowledge is the
most important “factor of production”, rather than capital, land, labour (Drucker, P.F.,
1993). Z. Griliches (1992) pointed out, that investments in knowledge have a high
probability to spill over for commercialization by other business entities, that do not
compensate the full cost of acquiring and implementing that knowledge in contrast
to investments in traditional resources. Thus, the main difference between knowl-
edge and the more traditional resources is the high propensity of knowledge to spill
over (Audretsch, D.B., Keilbach, M., 2007).

The term “knowledge” as explained by various authors is illustrated in the table
below (see Table 1).

Table 1: Definitions of Knowledge

Authors Definitions
Bolisani, E. “Knowledge is justified true belief and is shown to have the limitations given by the
Bratianu, C. justification condition and the truth nature.”
(2018)
Gupta, H. (2011), | “Knowledge is a set of information which provides capability to understand different
p. 235-236 situation, enables to anticipate implications and judge their affects, suggest ways or clues

to handles the situation... Knowledge is a closely link to doing and implies know-how and
understanding.”

Davenport, TH., |“Knowledge is neither data nor information, though it is related to both, and the differences
Prusak, L. (1998) | between these terms are often a matter of degree... Knowledge is a fluid mix of framed
experience, values, contextual information, and expert insight that provides a framework for
evaluating and incorporating new experiences and information. It originates and is applied in
the minds of knowers. In organizations, it often becomes embedded not only in documents
or repositories but also in organizational routines, processes, practices, and norms.”

Nonaka, I., Knowledge is that of “justified true belief.”
Takeuchi, H.

(1995), p. 87

Plato “Knowledge is justified true belief.”

Source: compiled by the author

The nature of the R&D spillovers depends on the type and forms of knowledge.
K.J. Arrow (1962) pointed out, that knowledge is characterized by two fundamental
conditions: the first one involves non-excludability, and the second one is non-ex-
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haustibility (the same knowledge can be used in different ways; use of ideas by one
entity does not exclude others from using that same knowledge) (Audretsch, D.B.,
Keilbach, M., 2007). Knowledge is non-rival (knowledge can be used in various ap-
plications and different locations at the same time) and non-excludable (the authors
of an idea may have difficulty getting remuneration from business entity in many
cases) (Grossman, G., Helpman, E., 1991).

In 1966, the British philosopher and mathematician M. Polanyi (1966) proposed
the concept of dividing knowledge into explicit and tacit. Explicit knowledge is cod-
ified knowledge that is expressed as words and numbers and transferred in a formal-
ized manner (documents, articles, books, etc.). Tacit knowledge is hardly formal-
izable knowledge that can only exist along with its owner — a person or a group of
persons. It is difficult to transfer tacit knowledge from one subject to another. This
type of knowledge is formed on the basis of individual actions and experience. Ini-
tially, all inventions and new ideas are presented as tacit knowledge that is possessed
by an individual or a group of people. Tacit knowledge is the most valuable source
of knowledge, and has a high probability to lead to the breakthroughs in the compa-
ny (Wellman, J.M., 2009).

The holders of both explicit and tacit knowledge can be either a specific individual
or an organization or company. Consequently, there is tacit group knowledge that lays
the foundation for the collective reaction and internal interaction models. The term
“routine” is used to refer to tacit group knowledge. The term “routine” was introduced
by P.R. Nelson and S. Winter (1982) as “regular and predictable behavioral patterns
of firms” (Nelson, P.R., Winter, S., 1982, p. 14). According to P.R. Nelson and S. Win-
ter a routine “may refer to a repetitive pattern of activity in an entire organization, to
an individual skill, or, as an adjective, to the smooth uneventful effectiveness of such
an organizational or individual performance” (Nelson, P.R., Winter, S., 1982, p. 97).
The scientists of the Santa Fee Institute defined routines as ‘‘an executable capability
for repeated performance in some context that has been learned by an organization
in response to selective pressures” (Cohen, M.D. et al., 1996, p. 684). Routines are
seen as patterned actions and normal behavioral patterns (common practices, certain
work styles, and informal rules) — something that happens automatically, without
instructions and options. Routines cannot be codified, do not exist in isolation, and
shape interdependence.

The boundaries between explicit and tacit knowledge are relative, since some
knowledge may be tacit for some members of an organization or company and ex-
plicit for others. Moreover, it is impossible to state categorically that some knowledge
is tacit to a certain degree (Gaponenko, A., Orlova, T., 2008).

The notion of tacit knowledge was popularized by I. Nonaka (1994), the Japanese
professor and the founder of the Institute of Knowledge. I. Nonaka and H. Takeu-
chi (1995) developed the SECI model (Socialization, Externalization, Combination,
Internalization) used to create new knowledge in an organization and explain the
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interaction of explicit and tacit knowledge. The spiral of knowledge consists of four

processes of their transformation (Nonaka, I., Takeuchi, H., 1995):

1. Socialization is a non-verbal transfer of tacit knowledge from one member of an
organization to another through observation, imitation, and practice. Socialization
promotes the dissemination of knowledge and the creation of tacit knowledge. An
example would be the dissemination of intellectual models and technical compe-
tence and the situation where one employee watches another employee perform-
ing a task.

2. Externalization is the process of articulating tacit knowledge into explicit con-
cepts thanks to the nonstandard use of language, various metaphors, and anal-
ogies. When conceptualizing an image, we express its essence mostly in words.
The process of writing is an act of transforming tacit knowledge into articulable
knowledge. Expressions are often perceived inadequately, as they can be distorted
or partially communicated to readers. Nevertheless, such discrepancies and gaps
between images and expressions help promote “reflection” and interaction be-
tween individuals.

3. Combination is the transfer of explicit knowledge from one employee to another
by using books, newspapers, lectures, computer technology, etc. Individuals share
and combine knowledge through such media as correspondence, meetings, phone
conversations, and computerized communication networks. Reconfiguring cur-
rent information by sorting, adding, combining, and categorizing explicit knowl-
edge can generate new knowledge. As an example, it would be the creation of
knowledge in the process of formal education received at educational institutions.

4. Internalization is the transformation of explicit knowledge into tacit knowledge
(in a masked form, e.g., through the practical implementation of an activity). In-
ternalization is closely related to the method of “learning by doing”. When expe-
riences through socialization, externalization, and combination are internalized
into individuals’ tacit knowledge bases in the form of shared mental models or
technical know-how, they become valuable assets. Transforming explicit knowl-
edge into tacit knowledge can be facilitated if it is presented in words, i.e., as
diagrams, instructions, etc.

It is worth noting, that tacit knowledge can be exchanged only at the individual
level, while explicit knowledge can be exchanged both at the individual level, at the
level of companies and organizations, and at the global level. For instance, explicit
knowledge is exchanged at the global level through technology transfer, trainings,
conferences, export and import of products, etc.

Explicit and tacit knowledge can be exchanged both as knowledge transfer and
knowledge spillover. The crucial distinction between knowledge transfer and knowl-
edge spillover is that knowledge transfer is deliberate (Atkocitniené, Z., Miroshny-
chenko, O., 2019). Tacit knowledge is transferred in the process of externalization
when it intentionally becomes explicit (tacit knowledge transfer). In addition, tacit
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knowledge can be transferred unintentionally as knowledge spillover in the process
of interaction, e.g., when individuals work together or live close to each other.

Tacit and Explicit Knowledge Spillovers

Knowledge created by one economic agent can be used by another one without com-
pensation or with compensation that is less than the generation costs (Jaffe, A.B.,
1998). D. Grossman and E. Helpman (1991) define knowledge spillovers as following:
companies can obtain information created by others with no fee charged in a market
transaction; the creators of information or its current owners do not have an efficient
mechanism of protection (at the legislative level) against other companies that use
their information (Grossman, G., Helpman, E., 1991). Thus, knowledge spillovers oc-
cur in situations where it is possible to acquire knowledge from external sources for
free or at minimal cost (Meissner, D., 2012).

Knowledge spillover can be described as the process of acquiring knowledge
from external sources at no charge or with minimal compensation to the owner of
such knowledge. Knowledge spillover can occur at various levels and involves gain-
ing information and knowledge of various types. The nature of knowledge being
transferred is vital for understanding the features of their spillover mechanism.

Knowledge spillovers may result from insufficient protection of intellectual prop-
erty items and reverse engineering, that is why companies generating new knowledge
refer to legal remedies to protect their intangible assets and make themselves safe
from knowledge leakage to competitors. Knowledge spillovers can also occur in the
way of the joint activities of research organizations, private and public companies.

Knowledge spillover channels are often related to economic transactions and can
occur at different levels: individual (exchange of information, ideas, and knowledge
between employees of various companies and organizations); interaction of legal enti-
ties (companies and organizations); international (global) level. Furthermore, knowl-
edge spillover channels can be transparent (libraries, academic research databases,
print media, participation in conferences, etc.) and have limited access status (Leahy,
D., Neary, J.P., 2007).

Tacit knowledge is transferred through observation and personal communication.
It can be transformed into explicit knowledge in the process of socialization and ex-
ternalization. Recent research indicates that tacit knowledge spillovers are facilitated
by the concentration of companies in the region or cluster where such knowledge is
created. In this case, companies extract full value from such spillovers (Breschi, S.,
Lissoni, F., 2001). To put it in another way, fundamental knowledge has a high pro-
portion of tacit, uncodified information. Explicit (codified) knowledge spillovers are
not so dependent on geographic concentration and are relatively easy to implement,
unlike tacit knowledge.
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Knowledge spillovers can be presented in different forms through differentiated
channels and are not limited to a specific area of activity of a company, organization,
economic sector, or field of science. The efficiency of knowledge spillovers depends
on the innovative potential and the absorption capacity of a recipient and is enhanced
by the interaction of geographically close entities.

V. Cohen and D. Levinthal (1991) define the absorption potential of a company
as the capability to absorb knowledge, which depends on the specific experience and
education of its employees (Cohen, W., Levinthal, D., 1991). A survey of 358 heads
of the R&D departments at Swiss companies showed that the company’s proprietary
investments in R&D, which depend on its capability to understand and absorb the
innovations of other companies, are the most efficient knowledge spillover chan-
nels (Harabi, N., 1997).

D. Meissner (2012) points out the differences between innovative and absorption
potential. Innovative potential is the capability to create new knowledge and develop
new technologies using R&D and is not always tied to the capability to absorb that
knowledge from external sources (Leahy, D., Neary, J.P., 2007).

The R&D spillover effects

The spillovers help to disseminate knowledge and create spillover effects as a result
of an accidental knowledge leakage and a targeted exchange of information (Bres-
chi, S., Lissoni, F., 2001). The R&D spillover effects are indirect effects of the R&D
outcomes spreading that shows influence of R&D on entities, which are not involved
in the creating a new knowledge. The result of spillover effects depends on the ab-
sorption potential of an organization or company, i.e., their capability to shape infor-
mation flows using the total amount of information that comes from external sources.

Researchers consider forms of spillover effects as a part of externality theo-
ry (Marshall, A., 1920; Pigou, A., 1920). The term an “externality” was introduced
by A. Marshall and developed by A. Pigou in 1920. There are differences between
externalities and the R&D spillovers. They are not synonymous; they are two phases
of one phenomenon (Tsyplakova, D.A., 2010). The R&D spillovers are the source of
externalities; and externalities have mostly positive effect of spillovers on innovation
activity. Unintended use of knowledge could result in different types of spillover
effects and cause knowledge externalities (AtkocCitiniené, Z., Miroshnychenko, O.,
2019). The types of the R&D spillovers have different effects on companies R&D ex-
penditures (Bakhtiari, S., Breuning, R., 2017). Three distinct types of the R&D spill-
overs have been identified in the literature: knowledge spillovers, market spillovers,
and network spillovers (Jaffe, A.B., 1998; Jones, C.I., John CW., 1998). The types
of the R&D spillovers effect on innovation diffusion and innovation development at
different levels of knowledge transmission.
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Knowledge spillover effect is “considering as a beneficial effect of one economic
entity on the welfare of the another one (receiving additional income), occurring
outside the framework of market transactions and is not reflected in the market pric-
es, as a consequence of production or consumption, it is generally considered that
without any (or less than received benefit) direct compensation to the knowledge
creator” (Tsyplakova, D.A., 2010, p. 210). Knowledge spillover effects “occur when
the information collected and applied for performing a certain activity eventually
creates opportunities to apply this knowledge in other areas” (Ogurtsova, E.V. et al.,
2019, p. 411). The spillover enhances the development of new ideas, knowledge and
new directions of their application. The R&D activity has spillover effects on innova-
tion development and may facilitate indirect transfer of knowledge (Ogurtsova, E.V.
et al., 2019).

Most of the academic literature identifies such types of knowledge spillover ef-
fects (Marshall, A., 1920; Arrow, K.J., 1962; Romer, P.M., 1986; Griliches, Z., 1992;
Kaiser, U., 2002; Tsyplakova, D.A., 2010; Meissner, D., 2012; Ramadani, V. et al.
2017), that are presented in Table 2.

Table 2: The types of Knowledge Spillover effects

Classification Types

According to object of diffusion — embodied or rent knowledge spillover effects
— disembodied or pure knowledge spillover effects

According to subject of diffusion — technology push knowledge spillover effects
— demand-driven knowledge spillover effects

According to direction of activity — production knowledge spillover effects
— consumer knowledge spillover effects

According to type of direction — direct knowledge spillover effects
— indirect knowledge spillover effects

According to sours of knowledge — intra-organization knowledge spillover effects
— inter-organization knowledge spillover effects

According to direction of diffusion — inter-industry or vertical knowledge spillover effects
— intra-industry or horizontal knowledge spillover effects

According to level of impact — private knowledge spillover effects
— social knowledge spillover effects

According to space and time — time knowledge spillover effects
— spatial knowledge spillover effects

According to application of knowledge | — simulation knowledge spillover effects
— adaptive knowledge spillover effects

According to origin — domestic knowledge spillover effects
— international knowledge spillover effects

Source: compiled by the author

There are embodied and disembodied knowledge spillovers (Griliches, Z., 1992).
Embodied spillovers or rent spillovers occur when you purchase innovative products
or services. The effects of rent spillovers manifest themselves in reduced investment
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costs for creating innovative products or services of improved or cheaper technol-
ogies (Meissner, D., 2012). Disembodied knowledge spillovers or pure knowledge
spillovers are the result of borrowing ideas from other entities. The effects of pure
knowledge spillovers have a positive impact on fundamental and applied research
conducted by both state scientific institutions and private companies.

Technology push knowledge spillover effects mean consequence from the trans-
fer of knowledge to new areas of application. Demand-driven knowledge spillover
effects deal with a demand orientation, when the result comes from the application
of new knowledge from other areas in order to identify possible solutions of existing
problems (Meissner, D., 2012).

Knowledge spillover effects arise not only as an output of production activity,
but also in the process of consumption. For example, consumers receive additional
benefits according to an increasement in consumer surplus associated with improved
product quality as an issue of improved manufacturing technology. Hence, depending
on direction of activity that generates knowledge spillover effects, production and
consumer effects could have been distinguished (Tsyplakova, D.A., 2010).

There are direct knowledge spillover effects, when knowledge spill over by the
creator to the recipient on his own initiative and does not require the involvement
of third parties, while indirect knowledge spillover effects are results gained from
diffusion of knowledge with the participation of one or more intermediaries. Indirect
knowledge spillover effects are mostly manifested in the medium and long-term pe-
riod, direct knowledge spillover effects allow entity (agent, economic unit) to quickly
receive outcomes in the form of measurable added value (Meissner, D., 2012).

Using external sources of knowledge causes intra-organization knowledge spill-
over effects, as a result of knowledge transformation within one organization is called
inter-organization knowledge spillover effects.

Inter-industry or horizontal knowledge spillover effects are the outcomes of dif-
fusion of knowledge between entities at the same level of interaction, in the same
field of activity. Intra-industry or vertical knowledge spillover effects demonstrate
effective exchange of knowledge on different stages of innovation activity (between
knowledge generators and knowledge consumers). Vertical knowledge spillovers
have a steady positive impact on the economic performance of companies, while the
effect of horizontal knowledge spillovers is usually lower (Czarnitzki, D., Kornelius
K., 2007).

Private knowledge spillover effects have impact on individual business entities;
social knowledge spillover effects — on all business entities, for example, social bene-
fits caused by increasing in the level of education, intensification of scientific research
activity, etc. (Doring, T., Schnellenbach, J., 2006; Tsyplakova, D.A., 2010).

Depending on the concept of innovation diffusion in time and space (Kandler, A.,
Steele, J., 2009), it is necessary to distinguish between time knowledge spillover
effects (affecting subsequent generations) and spatial knowledge spillover effects
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(affecting economic entities located in the same economic space). Time knowledge
spillover effects are generated because of the impact of the R&D achievements, that
creates opportunities to reduce costs in the future. An obvious example of this is the
development of cheap technologies for the production of solar energy that will give
a significant economic effect in the future (Tsyplakova, D.A., 2010). According to
D.B. Audretsch, M. Keilbach (2007), A. Kandler, J. Steele (2009), P. Krugman (2010),
there are spatial knowledge spillover effects, that prompts economic agents adjacent
to important sources of knowledge to conduct their innovation activity at a faster
pace than competing economic agents located in any other place.

The simulation knowledge spillover effects are the outcomes of direct transfer
technology without any adaptation by the recipient entity; on the contrary, when new
knowledge has an individual application depending on the specific situation of the
recipient, we have adaptive knowledge spillover effects (Meissner, D., 2012).

Knowledge spillover effects can be of domestic and international origin (Rama-
dani, V. et al., 2017). Specifically, international knowledge spillover effects have place
in the state scientific organizations, corporations and enable entities with the access
to knowledge generated by others and gain benefits as a result of targeted investments
in knowledge creation and technology development. Foreign direct investment and
licensing of foreign technology are the main channels for such type of knowledge
spillover effects arising.

Market spillovers effects are the benefits that arose through the activities of mar-
ket forces for a new or improved product, created to be “spilled over” to consumers. It
is social benefit for customers that is not captured by the innovator. Network spillover
effect is the result of implementation of a new technology caused by the development
of a set of related technologies. J. Medhurst et al. (2014) defined network spillover
effect as “the effect of programme innovation on the development of a “critical mass”
of users, where the take-up of the innovation by additional users, increases the value
of the innovation to existing users (for example, computer games)”.

Conclusions

Knowledge can “travel” among companies and enhance innovation development and
economic growth. Nowadays, the creating a new knowledge is not mostly considered
as an internal process. Economic agents can acquire new knowledge from other enti-
ties. Moreover, it can happen for free or with minimal compensation. This process of
acquiring new knowledge from external sources without payment in normal market
transaction is called the R&D spillovers.

The type and forms of knowledge have impact on the nature of the R&D spillovers.
Spill over tacit and explicit knowledge occur at different levels. The tacit knowledge
spillover is more complex and can happen mostly at individual level in the process
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of interaction. Tacit group knowledge creates routine — pattern actions, that cannot
exist in isolation. The R&D spillover effects can arise as a result of the use of explicit
knowledge (documented information in paper or electronic form (documents, arti-
cles, books), or in the form of products. All the evidence suggests that such phenom-
ena are always accompanied by tacit knowledge — information required for practical
purposes and arose through an exchange of the staff, scientists and collaboration in
the form of joint projects.

The main factors, that have influence on generation of the R&D spillover effects:
nature of knowledge (knowledge is non-rival and non-excludable); lack of intellectual
property rights to knowledge as a resource and consumer good (the price does not re-
flect the cost of its alternative use); high degree of asymmetries of information about
expenses and benefits, about ownership of the resource, etc. Therefore, knowledge
flows are the key to innovation activity, the basis for the R&D spillover effects and
the source for economic growth, particularly in a spatially limited economic system.
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