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Abstract - The interaction of main stakeholders in the innovation

process has been researched using co-operative and non-
cooperative game theories. In general, these are analysis and
synthesis based methods for studying individual problem
elements and process components in order to establish the
underlying interactions among stakeholders involved in the
innovation process. Innovation will emerge in quantity and
quality that is dependent on the outcome of the interaction of
four stakeholders: academia, entrepreneurs, government and
society.
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1. INTRODUCTION

The concept of innovation has been broadened from
technology to cover wider social, systematic, organizational
and service innovations. The new concept has substantially
evolved ever since. In spite of this, the ability to generate new
ideas and apply them commercially is an important driving
force in the market. This process is equally important for all
business areas and sectors (industry, services). According to
innovation planning, innovation is defined as a process, where
new ideas and technologies from scientific, technical, social,
cultural or other spheres are transformed into a competitive
and demanded product or service on the market.

According to the European Union (EU) policy, a research
and innovation policy measure is defined as any activity that:

e mobilizes resources (financial, human, organizational)
through publicly (co-)financed research and innovation
programs or initiatives;

o funds the generation or diffusion of information and
knowledge (studies, road mapping, technology diffusion
activities, advisory services, and public-private
partnerships) in support of research and innovation
activities;

e promotes an institutional process (legal acts, regulatory
rules) designed to explicitly influence organizations
undertaking research and innovation;

e implements measures on an on-going or multi-annual
basis, rather than being a “one-off event” or a “single
project” [10].

Usually economists and planners muse on the innovation
concept, innovation types and devote special attention to
innovation management and innovation system. Even if
innovation management has been considered as the key driver
for sustainable growth and competitiveness, innovation

management is an expedient to reach the target of the definite
stakeholder. As stakeholders are different with different
preferences and goals in the innovation system, it is necessary
to discuss the interaction of main stakeholders in the
innovation process. Innovation process includes four main
stakeholders: academia, entrepreneurs, government and
society. Sometimes they have the same goals, but sometimes
they have different goals. They rather often use the different
ways of how to achieve them. Most probably, the common
goal is to improve the welfare of the people in the country, but
at the same time rational individuals are willing to maximize
their own benefit. For example, companies intend to maximize
profit trying to be innovative. Companies, which work and
rely mostly on individual creativity, skills and talent, have a
higher probability to produce innovative products or services
and, thus, maximize the profit. Society usually exploits
opportunities to make them better off. Allegedly, the
government is interested in the development of national
economy, in the increase of society’s welfare and in more
effective allocation of resources. They have to act in the public
interest. However, public choice theory reveals that rational
politicians also exploit opportunities to make them better off.

An economy is a system for coordinating the productive
activities of many people. In a market economy, such as the
one we live in, coordination takes place without any
coordinator: each individual makes his or her own choices.
Yet those choices are by no means independent of each other:
each individual’s opportunities, and hence choices, depend to
a large extent on the choices made by other people. Thus, to
understand how a market economy behaves, we have to
examine this interaction, in which my choices affect your
choices, and vice versa [1].

Therefore, it is useful to analyze the individual choices,
behaviour, possible strategies and outcomes of individuals
who interact with each other in the innovation system.
Situations and actions of stakeholders in the definite
circumstances can be conflicting or cooperative, depending on
their interests. Therefore, it is necessary to analyze the current
situation of stakeholders and their interaction in the innovation
process using game theory.

II. STAKEHOLDER ANALYSIS

Innovations, whether they are continuous improvement,
effective management, in general, have a potential creating
wealth through the generation and exploitation of information,
knowledge and intellectual property. Therefore, the alignment
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of educational policies plays an important role. Alignment and
integration of educational and innovation policies primarily
depend on the capability of the education system to produce
the required specialists for various fields. On the basis of
future labour market tendencies, the courses of the current
labor market policy should be based on the stimulation of
supply of the mid-level qualification of labour force and the
implementation of a more effective higher education supply. It
means that the quality aspect should be valued higher than
quantity. The essential problem in higher education is that the
number of candidates decreases. The number of students in
Latvia has been decreasing since 2007. For example, the
number of students who matriculated in the 2008/2009
academic year was 102211, in the 2009/2010 academic year it
was already 91770 and in the 2010/2011 academic year — only
84235. The number of applicants is forecasted to decrease by
50% (due to a demographic decline) in 2015-2017. Evaluation
of tendencies of changes in the number of foreign students
reveals that their number keeps growing each year; however,
the growth is rather minute, by 4—6% a year on the average,
and the number of foreign students accounts for merely 1.2%
of the total number of students [12]. The second problem is
connected with the proportion of students by thematic groups
of education that are funded from the state budget (Fig. 1).

The distribution of students by thematic groups and fields
of studies has not changed significantly in recent years. At the
moment, every other student in Latvia is studying social
sciences. The number of degree holders in natural and
engineering sciences in Latvia is insufficient and insignificant
in comparison with the number of degree holders in social

sciences.
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Fig. 1. The distribution of students by thematic groups and study fields [12]

A problem worthy of attention is the number of students
dropping out of higher education institutions. Reducing the
dropout rate is particularly important from the resource
economy point of view, which should be adequately addressed
by universities together with the respective state institutions.
Unfortunately, the funding from the state budget to higher
education in Latvia is quite low. The total expenses per
student per year are considerably smaller in Latvia than in
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other EU countries. It is not only the total funding volume that
matters. Division by funding sources is important as well. It is
essential to activate channels that encourage investment of the
private sector into research and development, as only under
such conditions the spending for research and development
steers and boots the effectiveness of the innovation process in
the national economy.

A. Research Funding

Many countries make efforts trying to protect research and
innovation budgets from general expenditure cuts. Gross
domestic expenditures on research and development were cut
in 2008 and 2009 according to the state budget consolidation
in Latvia. Gross domestic expenditures on research and
development (R&D) include total enterprise funding for
research and development, total state funding for research and
development, total higher education funding for research and
development and total funding for research and development
by foreign countries.
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Fig. 2. Research and development expenditure as percent of gross domestic

product [13]

Expenditures of R&D reached 0.6% of GDP in 2010 as it
was in 2008. Expenditure on R&D by sector and its financing
was the following in 2010: total enterprise funding for R&D
was 29.9M LVL, total funding for R&D by foreign countries
was 25.7M LVL, total state funding for R&D was 20.3M
LVL, total higher education funding for R&D was 1.1M LVL
(Fig. 2).

B. Business—Academia Cooperation

Knowledge exchange between business and academia is
considered important. Development of knowledge quadrangle:
education, research, creativity and innovation would give
progress at a national level. In relation to science—industry
cooperation, an increasing emphasis is placed on the
commercialization of research results and getting ideas to
market, as indicated by Izsak and Kilcommons, in 2011 [11].

Institutions that are engaged in research and development in
Latvia are shown in Fig. 3.
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Fig. 3. Institutions engaged in research and development [14]

Higher education sector: including R&D institutions under
the supervision of higher education institutions. The survey
now covers only those enterprises, where the number of
employees exceeds 10. Number of R&D personnel: estimates
are based on full-time equivalent employment. Fig. 3 reveals
that the number of R&D personnel is the largest in the higher
education sector. It was 2629 persons in 2010. Number of
R&D personnel was higher in the government sector than in
the business enterprise sector from 2007 till 2009. Number of
R&D personnel was similar in these two sectors in 2010 (Fig.
3).

Analyzing the share of innovative enterprises in Latvia, it
appears that there are more innovative enterprises in the
industry. There were 707 innovative enterprises in the period
20062008, and 658 innovative enterprises were in the sector
of manufacturing. The share of innovative enterprises was
26.9% in the entire industry. In the service sector, there were
469 innovatively active enterprises (14.5%). The share of
innovative enterprises in the industry according to the type of
innovations is the following: product innovators account for
6.6%, process innovators — 6.8%, product and process
innovators —11.7% and ongoing and/or abandoned innovation
activities —1.8%. The share of innovative enterprises in the
service sector according to the type of innovations: product
innovators account for 14.5%, process innovators — 2.3%,
product and process innovators — 5% and ongoing and/or
abandoned innovation activities — 2% [14].

When an individual is willing to create innovations, their
development course may go different ways. It is necessary to
point out that a single innovation may have many origins. One
of the roots of innovation is society’s wish to automate daily
routines that they experience. Individuals start to think of how
to avoid work that requires physical strength or to reduce
time-consuming activities. Sometimes innovation may appear
to be a system, algorithm or something different from the

economies and societies are the creative ones [2] — [6].
Therefore, it is important to research interaction of the main
stakeholders in the innovation process in Latvia. The main
actors are academia, entrepreneurs, government and society
(Fig. 4). The effectiveness of innovation development and
implementation is dependent on social, political, scientific
motivation and, of course, considerable capital investment.
Thus, it can be stated that the main actor or stakeholder
interaction analysis is crucial for the innovation process. With
the help of such an analysis, the practical development model
of innovation process can be created. Each stakeholder
group’s interest can be uncovered, as well as group
cooperation prerequisites found.
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Fig. 4. Interaction scheme of the main stakeholders in the innovation process

III. A GAME THEORETIC APPROACH

We can assume that when solving economic problems, it is
often likely to analyse situations, where interests of different
groups collide or are shared. In a free market economy these
groups pursue different goals. Situations and group actions
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under these circumstances can be conflicting or cooperative,
depending on their interests. A mathematic theory of
conflicting or cooperative situations is, undoubtedly, a game
theory. Two or more players’ interests can confront each other
in a game. If in a multi-player game players create a coalition,
the game is cooperative. If there are two or more coalitions,
the game becomes a double game.

Solving of such game matrices requires a complete certainty
regarding game conditions, number of players, identification
of possible strategies for all players, possible outcomes
(positive and/or negative). Strategy is a very important
element in predefining game conditions. That is a complex of
rules that, depending on the game situation, define a certain
action of a player. If in the process of game, the player
alternately uses a couple of strategies, this game is called
mixed, while its elements are pure strategies. A number of
strategies each player has can be either finite or infinite.
Depending on this fact, there can be finite and infinite games.

Optimal strategy, game outcome and average outcome are
important concept terms of a game model. These terms are
reflected in the solution definition of the game: strategies A*
and B* of the first and second players, are consequently called
optimal strategies, while number V is the game outcome, i.e.,
if certain inequalities are true for any A and B strategies:
where M (A, B) is the first player’s win (average outcome)
expectation, if both players select A and B strategies. Thus,
from the met inequalities it follows that V.= M (A*, B*). The
outcome equals the first player’s win expectation if both
players choose their optimal strategies. [7]

In general, we can state that the game theory is the
mathematical modelling of strategic interaction among
rational and/or irrational agents. There are co-operative and
non-cooperative game theories. In the non-cooperative game
theory, the players are unable to reach binding and enforceable
agreements with one another. Due to this assumption, the non-
cooperative game theory is quite individualistic. In contrast,
the co-operative game theory analyses situations, where such
agreements are possible. The focus of co-operative game
theory 1is, therefore, placed on how groups of individuals
committed to each other to formulate rational decisions. This
distinction does not mean that the non-cooperative game
theory precludes individuals working together. However, it
does state that this will only happen if individuals perceive co-
operation that is in their own self-interest.

Petrosyan, Zenkevich and Semina (1998) agree that from
this perspective individuals work together not because they
have to, but because they voluntarily choose to do so.
Nonetheless, it should be realized that in many cases we
consider that the cooperative and non-cooperative approaches
are not clearly distinguished. For example, in many instances
complex organizations such as firms, governments, and,
indeed, countries are considered to act as individual decision-
makers. Clearly, this is an extreme simplification that ignores
how decisions are formulated within these institutions. The
value of such simplification is to make the resulting models
more tractable. [8]
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The second characteristic of game theory is that individuals
are assumed to be instrumentally rational. This means that
individuals are assumed to act in their own self-interest. This
presupposes that individuals are able to determine, at least
probabilistically, the outcome of their actions, and have
preferences over these outcomes. In many game problems in
the field of economics, the uncertainty is caused by lack of
awareness about the conditions under which the parties
operate and not by competitor’s conscious opposition.

A coalitional game with transferable utility is a pair (N, v),
where:

N is a finite set of players, indexed by i; and

v : 2V — R associates with each coalition S € N a real-
valued payoff v(S) that the coalition’s members can distribute
among themselves. We assume that v(@) = 0.

In cooperative games, it is to the joint benefit of the players
to form the grand coalition, N, since by superadditivity the
amount received, V(N), is as large as the total amount received
by any disjoint set of coalitions they could form. It is
reasonable to suppose that “rational” players will agree to
form the grand coalition and receive V(N). The problem is then
to agree on how this amount should be split among the
players. In this section, we have discuss one of the possible
properties of an agreement on a fair division that it is stable in
the sense that no coalition should have the desire and power to
upset the agreement. Such divisions of the total return are
called points of the core, a central notion of game theory in
economics.

Roberto Serrano (2007) defines the Shapley value as a
solution that prescribes a single payoff for each player, which
is the average of all marginal contributions of that player to
each coalition he or she is a member of. It is usually viewed as
a good normative answer to the question posed in the
cooperative game theory, i.e., those who contribute more to
the groups that include them should be paid more. [9]

While the core is defined as a solution concept that assigns
to each cooperative game the set of payoffs that no coalition
can improve upon or block. In a context in which there is
unfettered coalitional interaction, the core arises as a good
positive answer to the question posed in the cooperative game
theory. In other words, if a payoff does not belong to the core,
one should not expect to see it as the prediction of the theory.

The main notion that requires particular attention is that, if
acting cooperatively, players can actualize any payoff in
mixed strategies in R area. This does not imply, however, that
the players can negotiate any outcome of a game. Thus, point
(Xmax» 1) 18 more suitable for player 1, and (1, Xy,,) for player
2. None of the players will agree with negotiation results if
his/her payoff is below the maximin value, because the player
can receive this payoff independently.

This is why S area is the area of possible negotiation
clashpoints limited only by border points. The players can
further cooperatively negotiate and choose points on the grid,
where the payoff is beneficial for all of them.

The set, C, of stable imputations is called the core:

C= X=X X)) 2 X =V(N)and D", % >V(S),forallS =N} (3. 1)
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The core can consist of many points as in the examples
below; but the core can also be empty. It may be impossible to
satisfy all the coalitions at the same time. One may take the
size of the core as a measure of stability, or of how likely it is
that a negotiated agreement is prone to be upset.

In the next section, bearing in mind that the players of a
possible game model are the stakeholders in the innovation
process, specifically: academia, entrepreneurs, government
and society, the authors will develop a concept of the
cooperative game model.

IV. A GAME MODEL

The Shapley value defined a fair way of dividing the grand
coalition’s payment among its members. However, this
analysis ignores questions of stability. Unfortunately,
sometimes smaller coalitions can be more attractive for
subsets of the agents, even if they lead to a lower value
overall.

Let us assume that the academia’s interest is to receive
funding for research, business requires relatively cheap, but
effective innovative solutions for continuous improvement, the
government’s purpose is to maintain social and economic
stability and development, whereas the society is interested in
the improvement of living standards.

It must be pointed out that the stakeholders’ interests are
related to each other. For example, the academia needs
funding that the business and government can provide, while
the business can receive innovative solutions, qualified
professionals from this kind of investment. The government,
however, benefits from an increase in GDP, while retaining
social stability and successfully combating unemployment. At
the same time, society’s content as a stakeholder substantially
grows as overall GDP per capita increases (we assume that
GDP growth is faster than population growth).

We can create a draft model of a coalition game of
academia, entrepreneurs, government and society (see below).
The game model outcomes can be calculated by a hierarchy
method analysis, of which the player’s action is the most
important/beneficial for the other player’s outcome and, thus,
their outcome while in a coalition.

v({1,2})= 4

v({1} =1 v({1,3})=3 v({1,2,3})=1

v({2})=0 v({l,4})=5 v({l,2,4})=2
v(@)=0 v({1,2,3,4})=9
v({3})=1 v({2,3})=5 v({l,3,4})=6
v({4})=1 v({2,4})=5 v({2,3,4})=8
v({3,4})=5

The imputations are the points (X;, X,, X3, X4) such that x; +
x2+x3+x4=9andx12 1,X220,X32 l,X42 1.

It is useful to plot this square in the barycentric coordinates
(Fig. 5). This is accomplished by pretending that the plane of
the plot is the plane x; + x, + X3 + X4 = 8, and giving each point
on the plane four coordinates, which add to 8. Then it is easy

to draw the lines. It then becomes apparent that the set of
imputations is an equilateral square.

C(0,0,1)

B(0,1,0)

Fig. 5. Barycentric coordinates example for three players

Imputations that cannot guarantee themselves certain
outcomes are considered unstable in comparison with their
independent action or in a coalition. The core is the remaining
set of points in the set of imputations, including the boundary.

V.CONCLUSION

It can be pointed out that a lack of cooperation between
higher education institutions and businesses significantly
slows down the process of innovation. R&D expenditure can
be high, but if patents and engineering innovative solutions
created are not bought or even acknowledged by enterprises,
their added value can be considered very low. Overall, it can
be stated that innovation acknowledgement, exploration and
stakeholder cooperation in order to steer the process of
innovation forward is crucial for effective all-round economic
development.

A game model offers a perspective on how stakeholders
may make decisions, not only in terms of what strategies they
ultimately choose, but also what they choose not to do. It takes
into consideration estimates of what academia, business,
government and society are likely to do and offers an outline
for determining alternative outcomes and the decision
framework to use in order to reach those outcomes. By
integrating the market externality theory and implementing a
hierarchy analysis on how innovation process stakeholders
adopt strategic orientations, this perspective broadens the view
of strategic alternatives that they can undertake. This
perspective implies that these differing orientations overlap. It
is not likely that stakeholders will adopt one pure strategy and
remain there; rather, they will continually reconsider these
alternative decision clusters as the overall situation changes
and other coalition/non-coalition players make their own
strategic decisions.
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Jevgenijs Leontjevs, Liena Adamsone. Inovacijas procesu galveno dalibnieku mijiedarbiba

Inovacijas ir viens no ekonomikas attistibas dzingjspékiem. Inovaciju procesu var uzskatit par veiksmigu, ja taja iesaistito pusu mijiedarbibas rezultata tiek
raditas dazadas inovacijas t.sk. inovacijas, kuras sabiedriba vélas izmantot un uznémumi vélas ieviest saimnieciskaja darbiba un/vai pardot tirgh. Tapec ir butiski
analiz8t inovaciju sistému pec taja iesaistitajiem galvenajiem dalibniekiem: uznémumi un uznémejdarbibas vide, uznémumu sadarbiba ar izglitibas iestadem,
laikmetigi sagatavojot izglitotus tautsaimniecibas specialistus, kas atbilstu valsts un globala tirgus prasibam un socialas attistibas vajadzibam. Turklat ir
nepiecieSams finanséjums izglitibai, p&tniecibai un inovacijam, ka ari talredziga valdibas politika un pilniba sakartota likumdosanas sistéma. Tadgjadi, ir butiski
stimul&t katras ieinteresétas puses ricibu augstak miné&to krit€riju izpilde. To var panakt ar katras ieinteresétas puses kopgja labuma palielinasanos kooperativi
mijedarbojoties ar katru ieintereséto pusi sistéma. Par analitisko riku, kas varétu noteikt, kas biitu noteicosi izdevigak kadai ieinteres€tai pusei vai to grupai,
labuma zina, biitu lietderigi izmantot sp€lu teorijas modeli kooperativajam sp€lém ar pilnu informaciju. P&c hierarhiskas analizes metodes nosaka ieintereséto
pusu labuma koeficientus pie noteiktiem apstakliem. Rezultatus ieliek sp&lu teorijas modeli, kur, attiecigi, nosakot Seplija vértibu un spéles kodolu var secinit,
ka uzvedisies ieinteresétas puses vai grupas noteiktaja situacija pie nosacitiem apstakliem. Sadi ir iespgjams atrast optimalo stratégiju regulgjumu veidosana,
budzeta planosana un izpild€, kur katrai ieinteres€tai pusei biitu maksimals labums darbojoties kooperativi augstak min&to mérku sasnieg$ana un inovacijas
procesa kvalitates maksimiz€$ana, neka individuali.

Egrennii Jleontnes, JInena Agamcone. Bzaumo/eficrBue 0CHOBHBIX 3aHHTEPECOBAHHBIX CTOPOH B MHHHOBALIMOHHOM IIpoIecce

VIHHOBaIMY, HECOMHEHHO, SIBISIOTCSl IBUTATENIeM pa3BUTUS SKOHOMHKH. VHHOBAIlMOHHBIN IPOIECC MOXKHO CUHMTATh YCIEIIHBIM, €CIH B pPe3yJbTaTe
3¢ deKTHBHOII KOOIepaIMy 3aHHTEPECOBAHHBIX CTOPOH IOSBHINCH HHHOBAIIMOHHBIC PEIIEHHs, IPHHOCAIINE TOIb3y KaXI0i U3 cTopoH. Takum 0Opasom, 3TO
HMHHOBAIMHU, KOTOPBIE XOUYeT UCIIONB30BaTh OOIIECTBO, a TAKKE MPEANPUITHS, KOTOPIE XOTAT UX NPUMEHSTH B XO3SHCTBEHHON JeITeIbHOCTH WM IIPOaBaTh Ha
pbiHKe. COOTBETCTBEHHO, Ba)KHO aHAIM3HPOBATh CHCTEMY HWHHOBAIMH 10 €€ IJIaBHEIM YyYacTHHKaM: OOIIECTBY, IPaBHTENLCTBY, IPEAPHATHIM,
00pa30BaTENIbHBIM YUPEKACHHAM, KOTOpPbIE B CBOIO O4YEPEIb MOATOTOBAT KBATH(HIMPOBAHHBIX CIICIHAIMCTOB, COOTBETCTBYIOIIMX TOCYIapPCTBEHHBIM H
rII00AJIbHBIM CTaHJApTaM pBIHKA M TPeOOBAaHMSAM COLMAIBHOTO DPAa3BUTUS. 3/€Ch BaXKHYIO pPOJIb HMrpaeT M cyOcuaupoBaHue oOpa3oBaHMs, HAayKHU H,
COOTBETCBEHHO, MHHOBAIIMI, a TakKe IOJHTHKA M 3aKOHOIATEIbCTBO rocynapcrBa. TakuM o0pa3oM, OCOOCHHO Ba)KHO CTHMYJIHPOBATh ACHCTBUS KaKmou
3aHHTEPECOBAHHOH CTOPOHBI B BBIOJHEHHH BBILICYIOMSIHYTBIX KPUTEPHEB. ODTOr0 MOXKHO JOOHMTHCS yBENMYEHHEM OOIIECH IOJNE3HOCTH KaXmou
3aHHTEPECOBAHHOM CTOPOHBI B IIpoLiecce KOONEPATUBHOIO B3aUMOCHCTBUS ¢ KaXKOH U3 3aMHTEPECOBAHHBIX CTOPOH B cucTteMe. Kak HHCTpyMeHT Ui aHAnu3a,
KOTOPBIi MOT OBl YCTAHOBHTb, YTO OBLIO OBl €CTECTBEHHO BBHITOJHEE KaXkI0H M3 3aMHTEPECOBAHHEIX CTOPOH MIIH HX TPYIIIE, B CMBICIIE IOJIE3HOCTH, JTOIYCTHMO
HCIIONB30BaTh TEOPETHIECKYIO HIPOBYIO I KOOIIEPATHBHEIX UIP ¢ IOIHOH MHpopManuei. [To MeToy HepapXudeckoro aHau3a ONpeeisioT Ko HIeHTh!
TIOJIE3HOCTU 3aHHTEPECOBAHHBIX CTOPOH IIPU ONPEeIEHHBIX YCIOBUSX. Pe3ynbTaThl BCTaBIAIOT B MOJENb, I1€, COOTBETCTBEHHO, HaXonAT 3HaueHue lllemmu u
SIIPO UIPBL, UTO IIO3BOJISIET CASNATh BEIBOABI O TOM, KaK OyAyT IeHCTBOBATH 3aHHTEPECOBAHHBIE CTOPOHBI I IPYIIIEI B KOHKPETHO 00YCIIOBICHHON CHTYAaIHN.
TakuM o00pa3oM, MOXKHO HAWTH ONTHMAJIBHYIO CTPAaTETHIO CO3JAaHMs DPErVIaMeHTa, NPaBW, IUIAHUPOBAHHS OIO/DKETa M €ro BEIIOJHEHHMS, IJe Kaxias
3alHTEPECOBAHHAs CTOPOHA MMeJa Obl MAaKCHMAalbHYIO I10J1€3HOCTh JEHCTBYSl KOONEPAaTUBHO JUISl JOCTH)KEHHs BBIIIEYKAa3aHHBIX Lelded M MaKCHMU3aLHUU
KauecTBa HHHOBAIOHHOTO MIPOLECCa, HeKEeNIH HHAUBUTYaIBHO.
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