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Abstract: This article deals with a concept known as the Tullock contest, frequently
applied to game theory decision-making in lotteries, lobbying, advertising, the military,
politics, biology and other areas. While the theory of the prisoner's dilemma explains that
the rational choice of players is to defect with a resulting payoff that is lower than what
would flow from cooperation, the Tullock contest is a model that explains what the value
of the chosen strategy will be and what the resulting payoff will be. The Tullock contest is
developed here in the context of the prisoner's dilemma and game theory. Best response
functions of the Tullock contest are derived both algebraically and graphically, and the
Nash equilibrium is shown. This paper confirms that some of prisoner’s dilemma games
may be characterized as Tullock contests. We propose an explanation for high advertising
expenditure in political campaigning games and we offer a numerical example of the
equilibrium expenditure resulting in some positive payoff for each player. We prove that,
on the other hand, international environmental agreements cannot be characterized as
Tullock contests, thus prisonner’s dilemma game in these cases end up in a defect-defect
Nash equilibrium with a payoff of zero for each player.
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1. INTRODUCTION

Game theory established itself as a separate discipline with its own methodology and
its own key concepts with the publishing of the book The Theory of Games and Economic
Behavior by John von Neumann and Oskar Morgenstern in 1947 [1]. Many authors then
have contributed significantly, with John Nash [2] being the most prominent contributor.
Nash equilibrium (NE) and best response functions (BRFs) belong among the most
important concepts of the theory.

However, long before the establishment of game theory, several groundbreaking ideas
emerged that we now know to clearly belong to game theory. Antoine Augustin Cournot
[3] published a model of oligopolistic competition, which is now called Cournot
Competition. Although Cournot did not use the now established terms NE and BRF, his
model uses them under other names and fully applies the methodology of modern game
theory. Therefore, today, the Cournot model is included in most game-theory textbooks [4]
[5]. The same can be said, for example, of the Stackelberg model or the Bertrand model of
oligopolistic competition.

In this article we argue that the model outlined in the article Efficient Rent-seeking by
Gordon Tullock, often referred to as the “Tullock Contest” [6] (in the same way as
Cournot’s model is usually labeled as “Cournot competition”), can be used for some
prisoners dilemma games. We seek for application of this policy in environmental
policymaking.

Like Cournot's model, Tullock's model was written independently of game theory and
did not use its current terms, and as Cournot competition, the Tullock contest deserves to
be a recognized part of Game theory. Tullock wrote his model to explain equilibrium in
rent-seeking and he compared it to investing in lottery tickets. The model is applicable in
many other areas such as advertising, oligopolistic pricing, military science, biology, social
sciences. In this article we argue that the Tullock Contest is a rigorous approach in many
areas of policymaking where the prisoner's dilemma (PD) is applicable.

The Tullock contest, a concept rooted in game theory, provides a framework for
understanding competitive behaviours in various contexts, including environmental
economics and pollution regulation. This literature review synthesizes recent contributions
to the understanding of Tullock contests within the realms of game theory, environmental
policy, and regulation, emphasizing their implications for pollution control and sustainable
practices.

Game theory serves as a critical analytical tool in environmental economics,
particularly in modeling interactions among stakeholders involved in pollution control. For
instance, Sadik-Zada [7] highlights the utility of game theory in addressing socio-
environmental challenges, proposing resilience policies that can mitigate anthropogenic
impacts on environmental quality. Similarly, Sumaila et al. [8] discuss how game theoretic
frameworks can be applied to assess environmental regulations and policies, providing
insights into natural resource management issues such as pollution and climate change.
These frameworks allow for the exploration of strategic interactions among various
players, including governments, firms, and the public, thereby facilitating a deeper
understanding of collective action problems inherent in environmental governance.

The dynamics of regional cooperation and non-cooperation in pollution mitigation can
be effectively modeled using game theory. Yang et al. [9] present a dynamic game model
that considers the spatial spillover effects of air pollution, illustrating how regional
economic disparities influence cooperative strategies in pollution control [9]. This
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approach aligns with the Tullock contest framework, where the competition for
environmental quality can be viewed as a contest among regions or firms, each attempting
to maximize their utility while minimizing pollution. The findings underscore the
importance of cooperative strategies in achieving effective pollution mitigation,
particularly in contexts where pollution transcends regional boundaries.

Moreover, the application of evolutionary game theory further enriches the analysis of
environmental policies. For instance, Zhou et al. [10] explore the impact of heterogeneous
environmental regulation policies on corporate pollutant discharge strategies, revealing
how evolutionary dynamics can influence firms' compliance behaviors. This perspective is
crucial for understanding how firms adapt their strategies in response to regulatory
pressures, which is a central concern in the Tullock contest framework where players adjust
their efforts based on the actions of their competitors.

The interplay between government regulation and corporate behavior is also a focal
point in the literature. Tapiero [11] discusses how game theory can elucidate the challenges
faced by regulators and polluting firms in establishing effective environmental control
policies. By framing these interactions as a game, policymakers can better understand the
incentives and disincentives that shape corporate environmental responsiveness. This
understanding is vital for designing regulations that not only compel compliance but also
encourage proactive environmental stewardship among firms.

In addition to regulatory frameworks, the role of social norms and identities in
influencing pro-environmental decision-making is highlighted by Chen [12], who
examines how environmental serious games can promote sustainable behavior. This aspect
is particularly relevant to the Tullock contest, as the competition for environmental quality
is not solely driven by economic incentives but also by social dynamics that can either
reinforce or undermine collective action efforts.

In conclusion, the Tullock contest framework, when integrated with game theory and
environmental economics, provides a robust lens through which to analyze the
complexities of pollution control and environmental policy. The literature reveals that
strategic interactions among stakeholders, influenced by regulatory frameworks and social
norms, play a pivotal role in shaping environmental outcomes. Future research should
continue to explore these dynamics, particularly in the context of evolving environmental
challenges and the need for innovative policy solutions.

Political advertising spending has expanded significantly in recent years, with
campaigns increasingly employing advanced marketing techniques to engage with voters
[13]. Research into the effects of campaign advertising reveals a substantial body of
theoretical and empirical studies. The analysis of campaign spending on electoral outcomes
has yielded mixed results. Some findings suggest advertising influences voter learning,
attitudes, and turnout [14,15,16], whereas others highlight more limited impacts [17,18]
[19]. These multifaceted outcomes reflect the complexity of political advertising's role in
shaping voter behavior.

The theoretical underpinnings of political advertising frequently rely on models such
as the Tullock contest framework, which conceptualizes advertising as rent-seeking
competition, where spending escalates until marginal benefits equal marginal costs
[20,21,22,23]. Game-theoretic studies enrich this perspective by analyzing variables like
asymmetric information, strategic interaction, and deception in decision-making processes
[24,25,26]. These theoretical approaches emphasize the strategic dimension of advertising
and its influence on shaping campaign dynamics.
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Empirically, diverse methodologies such as field experiments, difference-in-
differences, and border discontinuity designs have been employed to evaluate the causal
effects of political advertising on elections [27,28,29]. These studies generally indicate that
advertising has modest but measurable impacts on vote shares, influenced by tonal and
content aspects of advertisements as well as targeting strategies [30,31,32]. However,
questions regarding the geographic and long-term effects of advertising remain unresolved,
underscoring the need for further investigation [33,34].

Political advertising also intersects with various campaign activities and media
coverage [35,36,37]. Notably, the tone and content of ads have been linked to perceptions
of campaign negativity and polarization [38]. The advent of digital platforms has
introduced new challenges and opportunities, reshaping the landscape of political
communication and advertising strategies [39,40,41]. This evolution highlights the
dynamic nature of the media environment and its potential implications for voter
engagement.

The discussion extends further when examining the financial practices linked to
political operations. The literature identifies significant relationships between political,
institutional, and cultural factors and their influence on financial assessment and disclosure
practices [42,43,44,45,46]. Specifically, political factors such as competition,
fragmentation, and government ideology play a role in shaping financial sustainability
practices within local governments, while the extent of political connections and cronyism
can impact financial reporting and resource accessibility [46,47,48,49].

Institutional factors, such as the regulatory environment, governance mechanisms, and
legal traditions, also affect transparency and financial outcomes [44,50]. These influences
can lead to varying degrees of institutional development and financial system integration,
underscoring the interplay between political intervention, institutional quality, and
financial system performance [42,45]. Similarly, cultural norms and religious factors may
influence financial irregularities, earnings management, and systemic developments,
further demonstrating the interconnectedness of these dimensions [52,53].

From a practical standpoint, the financial performance and accountability of political
parties remain underscored as key concerns. Issues related to party funding regulations
highlight challenges in ensuring transparency and accountability. For example, findings
from South Africa emphasize good records management as essential for improved
accountability [54], while studies from Indonesia and Romania point to insufficient
enforcement mechanisms and regulatory loopholes affecting financial accountability and
access to state resources [55,56]. Such deficiencies can erode public trust in political
systems and expose party structures to systemic risks of cronyism and instability.

Furthermore, connections between political funding and electoral performance reveal
how weak financial regulations hinder meaningful democratic engagement and party
development [57,58]. Effective governance frameworks are needed not only for fiscal
discipline and resource negotiation but also for the institutionalization of political
organizations. Studies emphasize the democratizing role of party institutionalization,
pointing to its significance in deepening voter-party relationships and facilitating reliable
governance structures [59,60].

In conclusion, the intertwined themes across these areas underscore the multifaceted
impact of advertising spending, financial accountability, institutional influence, and
cultural context on political processes. While notable progress has enriched our
understanding of these dynamics, further research is imperative to bridge gaps in
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knowledge and to refine policies that enhance transparency, accountability, and democratic
engagement within the evolving landscape of political competition and financial
governance. Our aim is to identify characteristics of prisoner’s dilemma games where the
Tullock contest is applicable with reflection for environmental policy decision-making.

We believe that integrating the Tullock Contest into the standard Game Theory creates
a useful framework for analyzing various interactions (among individuals, firms or
countries) that constitute prisoners’ dilemmas. The existing literature does not integrate
fully the Tullock contest into Game theory. Our approach will enable to distinguish two
types of Prisoner’s dilemma, one which constitutes a Tullock contest and one which does
not, depending on the characteristics of the payoff (profit) functions.

The article will proceed as follows. First, we will explain the basics of Tullock's model,
as presented by Tullock himself. Then, we will derive the model algebraically and provide
the necessary calculations that Tullock skipped or omitted in his article. Then, we will
place Tullock's model in the context of Game theory and show the best response functions
and Nash equilibrium in the Tullock contest. Finally, we will present possible applications
of Tullock's model in connection with the Prisoner's Dilemma.

2. TULLOCK CONTEST - THEORETICA BACKGROUND

Tullock [61] formulated a game describing the contest between two persons trying to
win a trial. Who wins depends on the amount spent on lawyers in the same ways as the
success in a lottery depends on how many tickets one buys: "Suppose that a sum of money
is put up for a prize for a particular form of lottery. The lottery has only two contestants
and each of them may buy as many tickets for the lottery as he wishes for 31 each. One
ticket is drawn at random, and the owner of that ticket receives the prize. Note that the
payments for this tickets are not added on the prize.” (p. 752)

Later Tullock [62] further developed the idea that appeared in the above-mentioned
article and provided basic mathematical formalisation of the model.

“Let us assume, then, that a wealthy eccentric has put up $100 as a prize for the special
lottery between A and B. Note that the amount spent on lottery tickets is retained by the
lottery, not added onto the prize. ... “How much should each invest? It is obvious that the
answer to this question, from the standpoint of each party, depends on what he thinks the
other will do.”... “As a matter of fact, the optimal strategy in this game is not to buy $50.00
worth of tickets but to buy $25.00. (p.5)

Tullock noted that this lottery game is equivalent to a rent-seeking contest between two
lobby groups seeking for some change in legislation. We can argue that it is also equivalent
to a contest between two advertising firms seeking to gain a bigger market share. It is also
equivalent to a fight between two countries over a territory and to many other situations in
which contestants try to gain part of a “pie” at the expense of the other party whereas the
share or the probability of success of one party depends not only on the investment of this
party but also on the investment of the other party.

Although Tullock was not explicit in providing the profit function, he concluded that
optimal investment (in case of two contestants) is

A= %R. (1)
where R is the prize that can be won in the lottery or the rent that can be gained through

rent-seeking, or, as could be argued, additional profit that could be gained through
advertising, or the value of a territory that can be conquered or kept through a war effort



6 P. Mach et al. / Explanatory Power Of The Tullock Contest In Political Advertising

in terms of soldiers and weapons invested, or the value of any other thing that is the subject
of this sort of a contest.

Tullock did not provide the calculation that led to equation (1). He just noted that a
mathematician at the university told him about the resulting formula during a lunch. [62]
(p- 16)

Tullock was neither only one nor the first one to present a model that includes strategic
behaviour and the expected profit that depends on the proportion of the exerted efforts of
contestants. As John D. D. Little noted before Tullock’s Efficient rent-seeking was
published, “Response models of the general type us/(us + them) are well known.” [63] (p.
20) However, the Tullock article had the biggest impact, and now this sort of models is
usually labelled as the “Tullock contest” in the literature on this topic.

3. DERIVATION OF THE MODEL

As noted earlier, Tullock concluded, that, in equilibrium, each of two contestants will
invest one fourth of the rent that can be gained, without providing detailed calculations that
led to this result. He just said that “it is a matter of fact” [62] (p. 5).

In this section, we will present the calculations that are behind Tullock’s findings to present
the model in a clear way.

In the simplest two-player version of the model, there are two contestants, A and B,
investing amounts A and B respectively into a contest over some “pie” (be it a lottery
promising a prize, rent-seeking with a possible rent, a military operation with a chance of
keeping or gaining territory, advertising effort with a chance to gain a bigger market share,
and so on).

The probability of success, or contestant’s expected share are given by the ratio of each
contestant’s effort (investment) to the sum of both efforts. The amount that will be won is
denoted with the symbol R (referring to a rent in rent-seeking).

The probability of A’s success or A’s expected share is
A

Pa =15 (2)
A and B are non-negative numbers (because they represent investments that cannot be
negative) and the sum 4 + B cannot be zero because dividing with zero is not defined.
The expected profit m, that contestant A is supposed to maximize is therefore the
probability-weighted rent minus the investment:

ma=piR—A=7=—A 3)
This expected payoff function is maximized where its derivative with respect to effort
equals zero:

dm

a =0.
For calculating the derivative, we will apply the quotient rule of differentiation of
functions,

, "h—hr
fiee) =52
So, we get
R(A+B)-R-A 1=0 4)

(A+B)?
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Tullock assumed that if there is an equilibrium amount A for contestant A, contestant B’s
equilibrium amount must be the same:

A =B,

which gives after substituting to equation (4)

R2d-R4 _1=00rA==R.
(24)? 4

4. BEST RESPONSE FUNCTIONS AND NASH EQUILIBRIUM IN
TULLOCK CONTEST

We will show that Tullock’s assumption that in equilibrium the two efforts must be
identical is equivalent to the concept of Nash equilibrium, a key concept of Game theory.
As Game theory claims, NE lies at the intersection of the two best-response functions of
both contestants. To put the Tullock contest into the framework of Game theory, we will
derive the corresponding best-response functions of the game and the Nash equilibrium.
Applying these concepts yields the same results as Tullock’s approach. We will provide a
graph of the two BRFs and the corresponding NE in a similar way that Game theory
standardly provides for other strategical models, such as Cournot competition.

From equation (4) we get

RA + RB — RA = A% + 2AB + B?,
which gives a squaring equation in the standard form of

A% +2BA+ (B*—RB)=0
Which, solved (for non-negative A), gives

A= —ZB+\/4-BZZ—4BZ+4-RB _ \/Iﬁ _B. (5)

Equation (5) is contestant A’s best response function to effort made by contestant B.
The graph of this BRF is a skewed parabola (see Fig. 1).

L

0.25R R

B

Figure 1: BRF of contestant A in the Tullock contest (R=1)
Source: Authors’ own graph based on equation (5)

The model is symmetrical. Therefore, contestant B’s probability of success or expected share is
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and the expected profit my that the contestant is supposed to maximize is

My =pyR—B=XE_

A+B
Therefore, contestant B’s BRF is
B =+RA — A. 6)

Nash equilibrium, the solution of the model, lies at the intersection of the two BRFs,
that is where contestant B’s BRF is substituted to contestant A’s BRF (equation (5)):

A=A—-+RA +JR(VRA —4)
that is

A=1R=B.
4

>

0.25R R

A

Figure 2: BRF’s of both contestants and their intersection (NE)
Source: Authors’ own graph based on equations (5) and (6)

The only intersection and the only Nash equilibrium is where A as well as B invests an
amount equal to one fourth (0.25) of the rent.

This meets the condition for a NE: Once contestant A observes that contestant B invests
one fourth of the rent, he is not motivated to invest any other amount. The same applies to
contestant B, so the intersection at A=B=0.25R is the only Nash equilibrium of the model.

There is no intersection at A=B=0, because of the condition given below equation (2).
If any contestant invested zero, the other one would be motivated to invest any small
amount and gain everything. Because the model is not defined for both investments being
zero, the point [0;0], which only seemingly looks as another intersection, is indicated by
an empty disc in Fig. 2.
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5. APPLICATIONS OF THE TULLOCK CONTEST
5.1. Political advertising as a Tulloc contest prisoner’s dilemma

To illustrate how useful the Tullock contest can be, we will connect the topic of
equilibrium in the Tullock contest with the prisoner’s dilemma in an example of political
advertising.

Assume a two-party political system with Party A and Party B seeking for the votes. If
the parties do not cooperate, each spends a huge amount (50 million dollars) on
campaigning. Assume that political parties gain after the election 100 dollars per vote from
the government. For the matter of simplicity assume that there are no other benefits or costs
for the political parties associated with being elected. If the parties spend equal amounts
on political advertising, their chances to gain votes are equal and the votes will split
approximately evenly between them. Assume that there are 2 million voters, so each party
can expect to gain 1 million votes if the investments in political campaigns are equal. If
each spends 50 million and each gains 1 million votes, the revenue of each will be 100
million dollars and expenditure 50 million dollars resulting in a profit of 50 million dollars.
Assume that political parties agreed to limit advertising expenditure to 30 million dollars.
If both comply (cooperate) the votes will split evenly again, but thanks to lower
expenditure the profit of each will be as much as 70 million dollars. Assume that if one
complies while the other one does not (defect), the one spending more will gain additional
0.25 million votes at the expense of the one that cooperates so the one that defects gains in
total 1.25 million votes while the one that cooperates gains just 0.75 million votes. This
results in a profit of 75 million dollars for the defecting party and 45 million dollars for the
cooperating party.

This situation constitutes a prisoner’s dilemma with the dominant strategy to defect for
each party as shown in Table 1.

Table 1: The payoff matrix — election game

A: B Cooperate Defect
’ (spends 30 mil.) | (spends 50 mil.)
Cooperate ' '
(spends 30 mil.) 70570 45,75
Defect . .
(spends 50 mil.) 75;45 50; 50

Source: Authors’ own illustration

Similar examples of prisoner’s dilemma in game theoretical literature merely mention
that defection means spending more. With the knowledge of the Tullock contest we are,
however, able to say how much exactly defectors tend to spend.

In fact, in our example, the amount of 50 million dollars was not chosen arbitrarily as
“a high amount spent when defecting”. It is the result of applying the Tullock contest. The
rent is equal to 100 dollars per vote times the pool of 2 million votes which gives 200
million dollars. From equation (1) we know that optimal investment is one quarter of the
rent, which is 50 million in this example.

This approach has far-reaching implications. The traditional application of Prisoner’s
dilemma explains why political parties and oligopolist firms invest large amounts of money
in advertising. The Tullock contest explains Zow much they exactly tend to spend. The
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traditional prisoner's dilemma explains why trees in a rainforest grow tall when they could
get the same amount of sunlight with less growth and less energy. The Tullock contest
explains how far the trees will grow in equilibrium. The traditional prisoner's dilemma
explains why countries invest many lives of soldiers and huge amounts of money in
weapons when the war front does not change for years, and they could achieve the same
territorial losses and gains by agreeing to a ceasefire without losses of lives and money.
The Tullock contest explains #zow much exactly the warring parties will tend to invest in
fighting each other. The traditional prisoner's dilemma explains why people talk loudly at
a party when they would be able to hear each other in the same quality at normal voice
level with much less energy expended. The Tullock contest explains how loudly people
will talk at a party. The traditional prisoner's dilemma explains why dinosaurs grew to giant
sizes when their fighting strength would be balanced at a smaller size and with less energy
expended. The Tullock contest explains what equilibrium sizes they would reach.

5.2. Prisoner’s dilemma in environmental policy which is not a Tullock contest

Not every prisoner’s dilemma can by analysed as a Tullock contest. Take an example
of air pollution agreements.

International treaties in general are typical examples where the concept of prisoner’s
dilemma can be applied, because they include no enforcement mechanisms. Therefore, the
choice for each party is to cooperate or to defect.

Consider a situation of two countries, A and B, concluding a treaty under which they
shall reduce air pollution by various measures, such as regulation or an emission trading
mechanism, because they believe that the benefits would exceed the costs of these
measures.

Let us assume that the emission of CO, causes global warming which is costly in terms
of damages caused by draught and fires. The benefit for each country can be measured in
terms of the reduction of damages. The more money countries invest in renewable energy
the more they reduce emissions, and the more they benefit in terms of the reduction of
possible damages.

In this case, the payoff function of each player depends on the sum rather than on the
proportion of the investments of the two players. The profit function of country A can be
defined as

C
my=2(A+B) -4

A . . . . . .
rather than ry, = jﬁ — A as in equation (3), which means that this example is a prisoner’s

dilemma but not a Tullock contest.

Assume, for instance, that the countries believe that total benefits are 20% greater than
the costs when countries cooperate (i.e. parameter c¢ in the equation above equals 1.2). That
is why they have concluded the treaty. If both cooperate and both invest A = B = 100,
each gains half of 1.2(100 + 100) at a cost of 100 which yields a payoff of 20. If one
invests 100 while the other invests nothing, the one which invests gains half of
1.2(100 + 0) at a cost of 100 which yields a payoff of —40, and the one which invests
nothing (free-rides) gains half of 1.2(0 + 100) at a cost of 0 which yields a payoff of 60.

This situation constitutes a prisoner’s dilemma with the dominant strategy to defect for
each country as shown in Table 4.
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Table 2: The payoff matrix — environmental treaty game

Cooperate Defect
A; B . . (do not reduce
(reduce emissions) -
emissions)
Cooperate . )
(reduce emissions) 2020 -40; 60
Defect
(do not reduce 60; -40 0;0
emissions)

Source: Authors’ own illustration

The example above shows that international environmental agreements are not
characterized as Tullock contests, thus prisonner’s dilemma game in these cases ends up
in a defect-defect Nash equilibrium with an investment of zero and a payoff of zero for
each player. Shortly, the players will tend to free ride. Treaties like this can work only if
some sort of enforcement is available or if a country involved is so large so that its share
in global benefits exeeds its own expenditure.

6. DISCUSSION

Using a simplified example of two contestants this paper provides an analytical
framework for predicting agents’ behavior using game theory. In practice, there are often
multilateral games, such as an election campaign with more than two political parties or a
treaty between more than two countries. It should be noted that the model can be easily
extended to more players and we only did not provide the corresponding equations for
more than two players for the matter of simplicity. The general conclusions of the model
hold also for the case of more players.

This paper provides only mathematical derivation of the model without providing
testing in on data. This opens an opportunity for further research. Data of advertising
expenditure spent by political parties or by oligopolist firms or data of military expenditure
of warring countries could be gathered and a hypothesis that the expenditure will
correspond to the equilibrium provided by the model could be tested. Further research can
aim at testing the model on the real data.

Tullock had expressed concerns that actual expenditure of the firms (on lobbying) is
significantly smaller than what the model would suggest. This is discussed in literature as
the Tullock paradox. In lobbying, much of the expenditure can be hidden and testing would
face limitations. This is another reason why further research should deal with commercial
advertising rather than with lobbying. Possible explanations of the Tullock paradox can
also be discussed in further research.

7. CONCLUSION

As we have shown, some prisoner dilemmas are Tullock contests (such as advertising)
and some are not (such as environmental agreements).

In specific cases where the share in total revenues for each player or the probability a
player gains some revenue depends on the proportion of the investments of individual
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players, game theory provides the equilibrium amount to be invested and the resulting
profit.

We have applied standard concepts of game theory such as the best-response functions,
prisoner’s dilemma, dominant strategy equilibrium and the Nash equilibrium to thoroughly
explain the Tullock contest. We have provided an analytical framework for predicting the
behaviour of people, firms or countries and their investments and payoffs in situations such
as lobbying, advertising, wars and others.

By providing two illustrative examples, one of political advertising and one of
environmental treaties, we have shown that two types of Prisoners’ dilemmas can be
distinguished: Prisoners’ dilemmas that are Tullock contests and Prisoners’ dilemmas that
are not Tullock contests, depending on the character of the payoff function.

Funding: This research was funded by University of Finance and Administration, Czech
Republic.
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