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1 Introduction

”If we are concerned about equality of opportunity tomorrow, we need to be
concerned about inequality of outcome today.”

Anthony B. Atkinson

Ever since the publication of Tomas Picketty’s book Capital in the Twenty-
First Century, inequality has been attacked by research, media and informed
citizens alike. The year 2016 politicized the issue in the light of Brexit and
the US elections. For a moment, it felt like our bubble was set to burst. On
top of this, Atkinson added the moral dimension of intergenerational inequality
transfer as ”the inequality of outcome today directly affects equality of opportu-
nity—for the next generation” (Atkinson, 2015). While the reality of increasing
economic disparities is hard to dismiss (Piketty, 2014), pinpointing the imme-
diate consequences is less straightforward (Mesnard et al., 2001).

Despite the complexity of the matter, the public discourse rarely touches on
the subtleties of the issue thus dismissing the multifaceted region-specific dimen-
sion of economic disparities. Hills (2014) gives a word of caution on the myth
of inequality. Rico et al. (2017) found that anger and feelings of resentment
towards unfair situations underpin populist attitudes. One possible justifica-
tion lies in our subconscious preference for fairness and resistance to inequitable
gains which in behavioral economics goes by the name of inequality aversion.
Evidence wise, there is a growing body of empirical, experimental and neu-
rological literature that strongly support our bias toward inequality. Fehr and
Schmidt (2001) provide an extensive literature review on the topic covering both
theoretical and empirical findings. Similarly, Lavergne and Strobel (2004) use
simple distribution experiments to supports the inequality aversion hypothesis
while Tricomi et al. (2010) provide neurological evidence on the matter.

As the evidence for inequality aversion is growing, it worth exploring the
consequences that it can potentially trigger. Although the subcontinent hu-

man preference for equality can sometimes generate positive outcomes this is



not always the case. From a macro perspective, a strong support for equality
can sometimes facilitate constructive populist responses including progressive
taxation. Nonetheless, as in the case of South Africa, inequality aversion can
also trigger a permanent state of tension which ultimately puts downward pres-
sure on the economic growth of the country (May and Govender, 1998). At a
micro level, taking inequality aversion into account can positively impact the
job satisfaction (Card et al., 2012). However, in the ultimatum game, the same
inequality aversion can leave both players barehanded if the receiver rejects the
offer of the dictator. Based on the contradicting findings, the question remains
open.

The public narrative and, in certain cases, the reality of the increase in in-
equality are not the only factors that put upward pressure on our tolerance for
disparities. Digitalization, rapid globalization along with the gradual opening
of the labour markets change the competitive dimension of our everyday inter-
actions by broadening the type of competitors we encounter (Morsing, 2005). In
developed societies, agents are encouraged to compete for the same jobs irrespec-
tive of their economic background. Similarly, players can potentially engage in
tech contests regardless of their wealth status. Although in a progressive world
it is more likely to end up competing against individuals that come from differ-
ent social-economic backgrounds, the equality of opportunity is still hindered.
Therefore, it is worth exploring the way in which inequality aversion affects the
outcome of a competition in which the equality of opportunity is constrained
(Atkinson, 2015).

Previous studies only looked at the interlink between competition and in-
equality via the lens of rent-seeking models (Buchanan et al., 1980). Neverthe-
less, the models are limiting because they exclude value creation. This paper
extends the literature on two grounds: First, it explores the dynamics of compe-
tition and inequality in a setting which simultaneously allows for value creation
and value destruction. Secondly, it investigates the consequences of inequality
aversion in a setting where the equality of opportunity is constrained. Ex-

plicitly, I use a slightly modified version of the standard asymmetric Cournot



model to isolate the potential suboptimalities induced by inequality aversion.
The model shows that when the cognitive ability of the agents is impaired, in-
equality reduction can emerge at the cost of the collective good. Moreover, if
both agents are constrained by the bias, there is a significant risk of bringing
all gains down to zero. Contrary to the standard intuition, welfare redistribu-
tion does not eliminate the possible suboptimalities induced by the existence
of a mutual cognitive impairment. Therefore, if the equality of opportunity is
constrained, the findings call for pragmatism, education and a reevaluation of
the public narrative.

The rest of the paper proceeds as follows: Section 2 provides an overview of
the relevant literature and gives the scenario that motivates the paper. Section
3 elaborates on the benchmark case when both players are rational. Section 4
analyzes the behavioral case when the agents are cognitively impaired. Section
5 discusses the results and presents the limitations of the model and Section 6

concludes.

2 Literature Review

Evidence suggests that in certain parts of the world, inequality is galloping
(Mesnard et al., 2001). As most economists can agree, inequality in itself is
neither bad nor good. Nevertheless, the magnitude matters. Atkinson was
among the first that elaborated on the way in which today’s increasing inequal-
ity negatively feeds into the future of equality of opportunity. The literature on
inequalities of opportunities is making progress in bringing evidence on the mat-
ter (Ferreira and Gignoux, 2011). Although the developments are applaudable,
isolating the difference between the reality of inequalities and the perception of
them is challenging (Kluegel and Smith, 1986). Furthermore, keeping a clear
distinction between what is acceptable at a macro level and what can be en-
countered at a micro level is cognitively demanding and can trigger a general
bias towards disparities (Rico et al., 2017). Therefore, it is worth exploring the

type of consequences brought by such biases at a micro level to help improve



the perception of inequality.

2.1 Inequality aversion

Contrasting the homo economicus mantra, a brief overview of the experimental
findings on the dictator game and on the ultimatum game indicates that eco-
nomic agents are willing to give up their gains in order to equalize the outcome
(Giith, 1995). The data is strengthened by more recent neurological findings
(Boksem and De Cremer, 2010). In terms of the interpretation, one possi-
ble hypothesis argues in favor an intrinsic preference for fairness and an inner
resistance to unequal gains. In behavioral literature, this is called inequality
aversion. Known as one of the pillars of the literature, Fehr and Schmidt (1999)
brought forward a paper that shifted the paradigm of a rational selfish agent
by introducing a utility function that allows for positive and negative actions

towards other players. Simplified, the function takes the form:

Ui(z) = z; — ymaz(x; — z;,0) — fymax(z; — x;,0),8; < ;,0

Based on the assumption that players are heterogeneous with respect to in-
equality aversion the authors calibrated the parameters of the function then
validated that prediction power of the model in different economic settings. De-
spite its influence on the behavioral literature, the theory of Fehr and Schmidt
(1999) does not lack in criticism on the grounds of numerical manipulations and
lack of value added (Binmore and Shaked, 2010). Equally influential but less
disputed, Bolton and Ockenfels (2000) provide a different interpretation of the
inequality aversion concept, less linked to fairness per se, but rather based on
social comparison as the utility function of the players stresses the difference
between self-maximizing interests and relative payoffs. Although the interpre-
tation of the bias is different, for two-player interactions, Bolton and Ockenfels
(2000) and Fehr and Schmidt (1999) give similar predictions. The qualitative
and quantitative differences appear when the number of players increases (Kagel

and Wolfe, 2000). Focusing on two players settings, the similarities between Fehr



and Schmidt (1999) and Bolton and Ockenfels (2000) offer the ground for an
extension which keeps the fairness emphasis of the former and merges it with

the competition specific insights of the latter.

2.2 The interlink between competition, effort and inequal-
ity

Explicit or not, economic agents engage in competition on a daily basis (e.g.
job hunting, promotion seeking or business activity). One way of exploring the
contests is by focusing on the effort put in by the agents. At first sight, basing
the outcome of a game solely on effort might seem too restrictive as gains also
depend on circumstance (Roemer, 2009). Nevertheless, this is a recurring theme
in economic literature, closely linked to poverty and inequality (Dalton et al.,
2016). Bourguignon (2017) justifies the difference in standards of living based
on the difference in hours worked. The public opinion seems to reinforce the idea
as in a 2014 American survey, one-third of the respondents coupled poverty with
lack of effort (Doherty et al., 2014). In economic literature, the vast majority
of papers use rent-seeking models to explore the interlink between effort and
competition. Tullock (1967) laid the foundation of the rent-seeking literature
which was further elevated by Buchanan et al. (1980). In the standard setting,
players engage in competition by making costly investments which in turn affect
the probability of winning the prize.

The majority of the rent-seeking papers that allow for inequalities follow the
line of Allard (1988) which explores the existence of equilibria and rent dissipa-
tion induced by cost disparities. More recently Chaturvedi (2017) showed that
inequality affects rent-seeking and that rent-seeking, in turn, affects the wealth
distribution. The self-reinforcing mechanism perpetuates wealth disparities thus
inducing an inequality trap.

The empirical evidence on rent-seeking suggest that inequality changes the
equilibrium effort. For instance, in Fonseca (2009), under financial inequality,

the disadvantaged players put in less effort relative to the advanced ones. In



contrast, in Kimbrough et al. (2014), high inequality leads to more resources
being spent by the less wealthy players. Lastly, Fallucchi and Ramalingam
(2017) validates the insights of Fonseca (2009) and find that players are more
sensitive to ability inequalities rather than to financial ones.

Although the results are highly relevant for public policy, Buchanan et al.
(1980) made a clear distinction between entrepreneurial competition which cre-
ates values and traditional rent-seeking competition which destroys it. There-
fore, it is worth extending the existing literature by exploring the interlink be-
tween inequality and effort in a competitive setting which allows for both value

creation and value destruction.

2.3 Cournot Duopoly

In the well-known static Cournot duopoly model, firms compete in quantities,
where the products are assumed to be perfect substitutes. The profit function
depends on the aggregate demand function, on the inverse demand function
and on the player-specific cost function. In a nutshell, the Cournot equilibrium
isolates the quantity pairs which exclude unilateral deviations. In line with
the inequality concept if the static framework is fixed, one can easily depart
from the classic two-agent model by introducing asymmetric cost while keeping
the analysis tractable; see Shapiro (1989) and Fudenberg and Tirole (2013)
for in-depth proofs. The equilibrium deviations provide valuable insights for
understanding the realities of the markets; see Daughety (2005) for an extensive
literature review of the topic and Plott (1982) for an initial assessment of the
experimental findings.

The Cournot equilibrium properties namely, existence, uniqueness and sta-
bility are contingent on the specifications of the model. According to Novshek’s
existence theorem (Novshek, 1985), if the marginal revenue of one firm declines
as the aggregate output of the other firms increase, then the Cournot equilib-
rium exists; extensions include Szidarovszky and Yakowitz (1977), Kolstad and

Mathiesen (1987) and Van Long and Soubeyran (2000). On uniqueness, Gaudet



and Salant (1991) provide a widely accepted condition which does not depend
on the assumption of non-degeneracy of equilibrium. Hence it is less restric-
tive than the ones proposed by Szidarovszky and Yakowitz (1977) and Kolstad
and Mathiesen (1987). For stability, Cournot brought forward a best-reply dy-
namics argument. Following his line of tough, the myopic agents engage in a
sequential game by best responding in the current period to the existing output
levels of the opponents. Although the validity of the proof is broadly disputed,
Cournot’s dynamic stability argument does not lack in popularity '. Never-
theless, for the case of duopoly, Fudenberg and Tirole (1991) provides a more
convincing stability condition which easily extends to asymmetric settings.

Welfare wise, an important remark is related to the fact that the firms’
total profit is not maximized by the Nash equilibrium outputs of the Cournot’s
model. Notably, Cournot Nash equilibrium is not Pareto efficient. Furthermore,
the welfare comparison between Cournot and Bertrand is debatable. When the
asymmetry is strong or when the products are weakly differentiated Zanchettin
(2006) shows that the industry profits are higher under Bertrand competition.
The results challenge the finding of Singh and Vives (1984), where the ranking
of profits is reverse. If the number of players increases, the equilibrium of
the Cournot model approaches the Walrasian one; see Daughety (2005) for
extensions.

The Cournot model is not generally used to characterize the strategic effort
interaction between individuals. The closest model that I could find employs a
competition via effort framework to study team behavior (Raab and Schipper,
2009). Nevertheless, Cournot is one of the classic examples of competition in the
economic literature which has been previously reinterpreted in less conventional
ways; see Goyal and Moraga-Gonzalez (2001) for an example on networks. De-
spite the lack of popularity, the asymmetric Cournot toolkit could complement
the existing literature that explores the interlink between competition, effort
and inequality as the Nash setting allows for both value creation and value de-

struction. Section 3 and Section 4 elaborate on one possible “out of the box”

1See Zhang and Zhang (1996) and Szidarovszky and Li (2000)



extension.

2.4 Scenario

Before I proceed with the actual formulation of the model, I invite the reader

to consider the following hypothetical scenario:

Two agents try to sell two goods which are close to perfect substitutes. The
goods are intangible and excludable (e.g. two almost identical set of skills, in-
sights or business ideas). For instance, assume that A and B are two analysts.
After long independent work, both players simultaneously cracked the formula
that determines the most profitable investments within a specific market. Now
both agents try to sell their findings. For simplicity, assume that there is only
one potential buyer (i.e. an investor). Despite the investor’s interest, the sell-
ers have to convince the potential buyer of the value of the good. The process
requires effort. Explicitly, the sellers have to use all necessary means to get in
touch with the investor and to produce a convincing argument that maximizes
their gains without revealing the formulas. If the players engage in the selling
activity separately, they are competitors. Otherwise, they can merge their efforts
and split the profits. Note that the buyer is not constrained by a single purchase.
If A and B choose to compete, the financial payoff of a player is equal to the
individual revenue minus the cost of the selling activity. The revenue derived by
a player depends on how much effort he exerts in order to convince the investor.
Nevertheless, the revenue is also affected by the way in which the buyer values a
unit of effort. Assuming that there exists an upper bound in line with the maxi-
mum willingness to pay of the buyer, the price per unit of effort decreases as the
total effort put in by both players increases. To understand the intuition behind
the changes in the price per unit of effort, recall that the scenario talks about
almost identical financial insights. Although to a certain extent the formulas are
a silver bullet for good investments, the buyer cannot fully evaluate them until
they are revealed (i.e. ex-post purchase). Increasing the total effort put in by

the sellers lowers the per unit price because it sends mized signals. Think about



it: if the insight is truly powerful why would someone go that extra mile to sell
it and thus lose the exclusivity of the intrinsic gains? In this scenario, one po-
tential explanation could be that A and B do not have enough resources to make
full use out of their findings. Nevertheless, this is not known by the investor.
Hence, from a buyer’s perspective, the risk of a bad purchase is still on the table.
Indeed, the price-per-unit feature is only justified by the characteristics of the
goods which are both intangible and close to perfect substitutes. Going back to
the revenue analysis, the financial gains of player A do not only depend on the
effort put in by A but also on the effort put in by B as it feeds into the per unit
price of effort. Cost wise, the per unit figure is fized and reveals what is the cost
incurred by a player when he increases his effort of selling the good by a unit.
In this scenario, the individual per unit cost of effort can be understood as an
weighted average between the corresponding cost of engaging with the investor
and the cost of framing a convincing story.

Regarding the sellers, A and B are equally knowledgeable and charismatic.
In theory, A and B should be equally persuasive. Nevertheless, based on the
background, one of them has one foot in the door. For instance, suppose that A
comes from a well-known, respected family which has close ties with the financial
market. Compared to player B it is likely that A has a comparative advantage
which gives A an easy access to the investor. Furthermore, A can benefit from
the good reputation of the family background which could facilitate the process
of convincing the buyer. The background of the players is common knowledge.
Let’s assume that both players display a bias towards inequality (i.e. both play-
ers think that the comparative advantage of player A goes against the fair play
principle). Hence, the agents are negatively affected by the difference between
their total financial payoffs. Therefore, the utility derived from engaging in the
selling activity is the difference between the financial gains and the loss in utility
incurred due to inequality aversion.

Before the start of the selling activity, both players have to simultaneously
choose the level of effort which will mazimize their utility, keeping in mind the

way in which revenues, costs and inequality aversion feed into each other. Once



the efforts are selected, A and B proceed with the selling activity.

This paper tries to narrow down the outcomes of such game. For instance,

one could think of several possible options:

a. A and B can compete in the standard way and bear the utility cost of
inequality aversion.

b. A and B can decide to merge and split the gains in order to minimize the
utility losses induced by inequality aversion.

c. Due to inequality aversion, one player can engage in the selling activity
while the other one decides to opt out.

d. While engaging in the selling activity, both A and B can compete either
significantly more or less aggressively in order to minimize the utility losses.

e. Both A and B can opt out of the game.

By comparing the possible outcomes with the equilibrium ones, I aim to
prove that in a setting like the one described above, inequality aversion cannot
generate positive outcomes. Going back to the scenario, the results can provide
a theoretical justification for the aggressiveness characterizing certain types of
competition. For example, one can build up an argument which defends the
aggressive behaviour of financial analysts, start-up owners and lobbyists which
could otherwise be perceived as immune to inequality per se. At the same
time, the findings could justify why in certain cases players opt out of the
game, although it does not make sense from a purely financial point of view.
To understand why this can be suboptimal one can slightly change the above
scenario. Imagine that A and B are trying to pitch their start-up idea which
improves the water usage and availability in the less developed parts of the
world. If A and B decide to opt out, then they lose the investment funds.
Apart from the drop in total gains, by not pitching the insight, the players keep
hold of the idea which can be detrimental to the society as a whole. Lastly,
to showcase the wide range of applications, the reader could imagine that the

investor is a talent seeker and the good is a set of skills. Such a simple twist
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can extend the findings to the labour market.
Section 4 provides a generalization of the scenario described above. Never-
theless, before diving into the behavioral analysis, I will elaborate on the case

of rational agents, which gives the benchmark for comparison.

3 Theoretical Model

Consider an asymmetric Cournot duopoly game and a set of players 7, j. Com-
pared to the standard case in which firms compete through quantities, in this
model the players ¢ and j compete via effort.

Each player is characterized by an exogenous initial level of wealth w; €
[wy, wg], where [w;, wy] is a bounded subset of R* with w; < wy. The restriction
implies that initial wealth interval is the same for both players. As in the stan-
dard framework where each unit comes at a marginal cost, this model assumes
that the effort put in by player ¢ is also characterized by a marginal cost which
in turn, is given by the inverse of his initial wealth w; (i.e. me; = 1/w;).

Similar to classic Cournot case in which the price of the goods depends on
the overall quantity produced, the inverse demand function associated with the
competition via effort game gives the per unit price of effort. Hence, it depends

on the overall effort put in by both players:

P(e;,e;) = a— ble; +e;) (1)
where
1/w; <aand 1/w; <a

Note that the above formulation implies that the efforts e; and e; are close
substitutes. The assumption along with the condition imposed on the marginal
cost of effort put aside the issue of effort productivity. Nevertheless, the restric-

tions allow for the formulation of the benefit function:

bi(ei, ej,wi) = P(ei, €j)€i — C’i(ei) = [Cl — b(el + €j)]6i — 61‘/11)1' (2)
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The benefit of playing the game depends on the exogenous parameters
namely a, b and w; and on the endogenous variables namely the effort selected
by the player and the one put in by his opponent. In plain English, it is the
difference between the revenue and the cost associated with the effort e;. The
model mimics the strategic interaction of the standard Cournot setting where
the firms strategically interact and profits, in this case, benefits, depend on each
other.

To capture the idea of inequality aversion, I assume that players compare
their gains with a reference benefit, determined endogenously as the weighted
average of the benefits derived through engaging in the competition via effort

game 2:

bi(ei, ej, wi,wj) = a;bi(e;, ej,w;) + (1 — a;)bj(ej, €5, w;) (3)

Going back to the previous section, the individual reference benefit is a mea-
sure of fair play.The weighted average benefit is contingent on the parameter «;
which in turn reflects the way in which a player internalizes the gains vis-a-vis
reference. A high alpha parameter implies that when setting a benchmark, a
player cares more about his benefit relative to the one of his opponent. Simi-
larly, a low alpha parameter shows that the weighted benefit average is more in
line with the gains of the adversary. From a modelling perspective, the a pa-
rameter is similar the one in Fehr and Schmidt (1999). The difference between
the player’s i benefit and the corresponding reference benefits is enclosed in a
continuous, differentiable, reference-dependent, zero-bliss point, value function

given by 3:

bi(eivejvwi) 7b7i(ei>6jvwiij)] _ 7(bi(eivejawi) 7b7i(ei7€jawiawj))
bi(ei, €5, w;)

o] )? (4)

bi(ei, €5, w;)

The value function highlights the key feature of the model namely inequality

2Note:” Reference benefit” and ”weighted average benefit” are used interchangeably

throughout the paper.
3The value function is similar to the one introduced by Kahneman and Tversky (1979).
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aversion. Similar to the scenario, the value function determines the utility loss
suffered by the players when their financial gains depart from the corresponding
fair play ones. The minus in front of the quadratic captures the negative im-
pact of the difference between individual benefit and the corresponding benefit
reference (i.e. the weighted average of the benefits of the game a;b; +(1—a;)b;).

Players are interested in maximizing their utilities. Similar to (Dalton et al.,
2016), both the benefit function and the value function feed into the utility of
a player:

(bi(ei, €5, wi) = bilei, €5, i, w5))
bi(ei, e, w;) I ©)
i\Cey €5, Wy

ui(ei, e, wi, w;) = bi(ej, e, wi, w;) +v[

In this model, the utility function depends on the benefit derived from en-
gaging in the competition via effort game and on the loss incurred when the
individual benefit does not match the corresponding reference one. Based on
the form of the value function, the drop in utility is contingent on the absolute
value of the difference, not on the sign. The mechanics of the game proceeds
follows. Before the start of the game, the players choose the appropriate level
of effort that maximizes their utility. Once the effort is selected, the players
engage in competition via effort game which ultimately determines their final
wealth. At a superficial look, this effort should always coincide with the one
that maximizes the corresponding benefit function. Nonetheless, the second
component of the utility function, namely the value function can change the
outcome of the game subject to the difference between the individual benefit
and the corresponding reference benefit. Section 4 takes a closer look at the
possible suboptimalities caused by inequality aversion. Before proceeding with

the analysis, I will elaborate briefly on the intuition of the model.

3.1 Intuition of the Model

At this point, the reader might question the underlying of the model. All aside,

how credible is a competition via effort game and what are the arguments that
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support it?

I start by making a brief detour to the literature review section. As men-
tioned in Section 3, Raab and Schipper (2009) use a similar Cournot competition
via effort model to study team behaviors. Buchanan et al. (1980) provides the
foundation for numerous examples of a contests contingent on effort. The papers
are complemented by an emerging strand of literature that touches upon the
interdependence between entrepreneurial activities and effort (Acs et al., 2005).
Although limited the existing literature defends the credibility of the model.

To understand the intuition behind the framework, I ask the reader to take
the modelling shoes off for a moment and think about real, effort based compe-
tition settings. Without a doubt, the benefits of engaging in such games are also
affected by other, non-wealth related factors including effort-productivities and
know-how. Nevertheless, wealth goes hand in hand with education (Glewwe and
Jacoby, 2004), entrepreneurship (Evans and Jovanovic, 1989), group participa-
tion (La Ferrara, 2002), health (Schellenberg et al., 2003) and high aspirations
(Ray, 2006). Furthermore, empirics suggest that the capacity to strategically
use information is in itself contingent on economic background (Duflo et al.,
2011). If education, entrepreneurship, aspiration, and group membership pos-
itively correlate with wealth it is likely that the effort of a well-off player is
less costly compared to one of a less fortunate counterpart. Most importantly,
the assumption is in line with the lack of equality of opportunity highlighted
by (Atkinson, 2015). As agents internalize the inequality of opportunity, it
seems reasonable to assume that before the start of the game, the opponents
concentrate solely on wealth, thus basing their decision on a perceived, not a
real competition, which otherwise would be subject to efficiency, skills and ex-
pertise. In a one-shot game in which the players select their efforts ex-ante,
the perception determines the outcome. Admittedly, one could argue that in
the face of a repeated interaction, the agents correct themselves. Consequently,
after the first round of the game, the perceived competition mirrors the actual
one. Although a dynamic approach might capture the problem of perpetuating

wealth disparities better, for tractability reasons I stick to a static framework,
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which in itself, provides fruitful insights by isolating the suboptimalities induced

by inequality aversion. Nevertheless, Section 5 elaborates on this limitation.

3.2 Uncovering the a parameter and the weighted average

benefit

In the context of this model, the o parameter is a reflection of the inequality
aversion which in turn affects the weighted average benefit that gives the refer-
ence relative to which players measure the benefit obtained through engaging in
the competition via effort game. In turn 1 — « is the magnitude of the behav-
ioral bias. A high alpha parameter shows that the player internalizes his gains
relatively well. Therefore, the difference between his benefit and his weighted
average benefit is small. If the alpha parameter approaches zero, then the agent
values the gains of his opponent more than his own. Therefore, the absolute
value of his value function is relatively high. Hence, the player incurs a signif-
icant utility loss. As mentioned above the weighted average benefit becomes
the reference relative to which a player compares his gains. Genicot and Ray
(2014) talk about the way in which the agents set their reference based on their
social context. Similarly, Keeping Up with the Joneses (Gali, 1994) preferences
bring up the same concept of social comparison. Furthermore, Ray (2016) talks
about self-evaluation through the lens of ”a limited social cognitive window”: I
validate my achievements based on my social exposure. In two-players setting,
an agent only compares himself with his opponent. As the ”cognitive zone” is
different from individual to individual, the reference points are different. The
model preserves this feature as the weighted average benefit is agent-specific.
Consequently, player ¢ and player j might have different reference benefits which
in turn affect the outcome of the game. Section 4 elaborates on the interaction
between reference benefit and outcome. To fully grasp the findings, I start with

a comprehensive analysis of the benchmark case.
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3.3 Benchmark case: Rational Players

The outcome of the game depends on the interaction between two key forces
namely, competition and inequality aversion. The effort selected depends on
the relative advantage (disadvantage) associated with a lower (higher) marginal
cost. At the same time, the decision-making process is also constrained by the
difference between the individual benefit and the player-specific weighted aver-
age benefit derived through the competition via effort game. Given the nature
of the interactions the effort selected by players i does not only depend on the
effort level put in by his opponent but it is also contingent on the benefit ref-
erences which are in turn, interdependent. A rational agent fully internalizes
the outcome of this four-direction movement. Explicitly, a rational player keeps
track of the way in which efforts, benefits and reference benefits feed into each
other. To set a benchmark, I start by formally analyzing the case when both

players are farsighted.

Definition 1: A solution for a rational player is given by a pair (é;, d;) such
that:

e; = f(ej, wi,wj, o, ;) (6)

and

di = argmazaie[o,l]u(f(ejawiawj7ai7aj)a €45, W;, Wy, ai) (7)

According to the first definition, a rational player understands the feed-
back mechanism between the effort levels and the reference benefits. Therefore,
a foresighted player endogenously determines the utility maximizing alpha pa-
rameter. For a rational players the value of ¢; that maximizes the corresponding

utility function irrespective of the rest of the parameters is:

au(f(ejawiijaai»aj)a €j, Wi, a;))

=0
80@-
ob; i 8U[bi_(aibi"gi(1—ai)bj)] L
aai aai =
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(1 — Ozi)(bi — bj)2 =01i.e o?z =1

It is important to understand that a rational player does not exogenously set
the value of alpha equal to one. Actually, he determines it via a maximization
process which reflects his superior cognitive ability. When both agents are far-
sighted, the value function hits the zero-bliss point. In other words, the reference
benefit of rational players is equal to the benefit they derive by engaging in the
competition via effort game. Under this assumption, the first order derivative
of the utility function with respect to effort takes a well-defined concave form
and has a unique solution which is characterized by:

Proposition 1: The benchmark case in which both players are rational has
* € .b b, where

a unique solution of effort and reference benefit of the form €;,€;,b;,b;,

€; and €; are the Nash equilibrium of the Cournot model and E: and E; are
simply the benefits derived through the competition via effort game (i.e. b; = b;
and b; = bj).

Proof. See appendix.

According to Proposition 1, for rational agents, the effort is only contingent
on wealth. The difference between the benefits is driven solely by the com-
plementarity between effort and wealth. Therefore, the outcome is justified by
the specification of the model. Although this outcome is not insightful per se,

it provides the benchmark for understanding the possible behavioral deviation

outlined in Section 4.

4 Behavioral Case: Cognitively Impaired Play-
ers

In a behavioral setting, the players are not farsighted hence they do not inter-
nalize the feedback mechanism between effort, individual benefit and reference
benefit. Therefore, the agents do not endogenously determine the alpha pa-
rameter that maximizes their corresponding utility function. Contrary to the

benchmark case, the individual reference benefit depends on an exogenous pa-
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rameter « € [0,1), which in is in line with the inequality bias and where 1 — «
is the magnitude of inequality aversion. By assuming that « is exogenous, I
follow closely Fehr and Schmidt (1999) and build on the empirical evidence that
defends our preferences for fairness and intrinsic resistance to inequality *. More

concretely, in a behavioral setting:

st # argmarg, cjo,ulfes, wi, wj, i, o ), €5, wi, wj, ;) (8)

Note that it is not necessary to endogenize «; and a; to obtain insightful
results. Although «; and o are given, the benchmark relative to which the
agents compare their gains remains endogenous as it depends on the efforts
put in by both players. For a; € [0,1) the value function is strictly negative.
The interval restriction feeds into the utility function and in turn, generates
compelling results.

In the context of this model, a behavioral player is aware of his bias to-
wards inequality. Therefore, the agent will adapt his decision-making process

accordingly. As a result, the maximization problem becomes:
Max,, e, gju(e:, €5, ws, wj, o)
MaXEjE[O,E]u(eja €, Wj, Wy, Oé])
Where the upper bound of the individual effort dependents on set the pa-

rameters {a, b, w;,w;}:

E = fg(a,b,w;, w;) (9)

Note that a behavioral player is not only aware of the parameter that af-
fects his value function but also knows the parameter that plays into the value
function of his opponent. Therefore:

Definition 2: In the behavioral case, an equilibrium solution is given by an

equilibrium set {e;, e;} such that

€; = f(@j,wi,wj,ai,aj)

4See Camerer and Fehr (2006) and Clark and D’Ambrosio (2013) for an in-depth literature

review
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where

e; = argmaz,,cpo, g u(f(e;, wi, wy, o, o), e, wq, wy, o) (10)
and
€; = f(ejawjawiaajaai)
where

*_

€

argmaze, epo, e)u(f(ej, wj, wi, oy, a;), €4, Wy, wi, oj) (11)

for a; € [0,1) and «; € [0, 1) exogenously given.

Based on Definition 2, in equilibrium, the effort of a player does not only
depend on the relative difference between marginal costs but it is also contingent
on the alpha parameters of both players (i.e. both o; and «;).

Lemma 1: Let the value function take the form v[l’ib;E] = —(b"'b;f;y and

v[bjb;E] = —(bjb;,bijf where the relative benefit is defined as b; = a;b; + (1 —
a;)b; and b; = a;b; + (1 — a;)b; and o; and «; € [0,1) are exogeously given.
Then, there is no clear complementarity between the individual effort and the

corresponding alpha parameter as:

azu(f(e'awiaw’aa%a‘)?eﬁw%ai)) abi(ei,€‘7w7;)
J ajeiaai J J ~ 36; 4(1 — al)(bi(ei, ej7wi) — bj(ej, ei,wj))

aQU(f(ehw'awiaa'aai)aeiaw'aa')) ab'(e'76i;w')
; 8ej€;ozj e éej A(1—0n) (b (e, €4, wy)—bi(es, 5, w;))

Proof. See appendix.

Contrary to the existing literature, there is no clear-cut relationship between
a player’s effort and the corresponding « parameter. Therefore, the change in
marginal net utility as a goes up cannot be easily pinpointed. The finding
contrasts Fehr and Schmidt (1999) in part because the setting is different. As
players engage in a strategic interaction, it is less likely isolate the interlink

between the marginal gains and the corresponding « values.
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Since the alpha parameter in itself does not bring any insight I will proceed
with the equilibrium analysis by stating the result that captures the outcome
of the behavioral competition via effort game.

Proposition 2:  For behavioral players, the competition via effort game
displays multiple pairs of equilibrium effort which either mimic the benchmark
one, or generate benefit pairs that are close or equal to (0,0).

Proof. The rest of this section is a step by step proof of this proposition;
See Observation 1, Observation 2 and Proposition 3.

Compared to the benchmark, when the cognitive ability of the players is

E _E

impaired, the equilibrium pair (e;”,e;’) is not unique. Providing a full char-

E E
i€

acterization of the equilibrium set (e ) is analytically difficult and goes
beyond the scope of the model. I will proceed by providing a step-by-step proof
for Proposition 2. The analysis disentangles the implications of Proposition 2
and gives a good starting point for understanding the type of equilibria that
can potentially emerge in a competition via effort setting when players display
a bias towards inequality and are cognitively impaired. I start by isolating the

underlying maximization conditions that underpin Proposition 2:

b (eiej,wi)
e =0
Obj(ej,ei,wy) __
SEGERL = 0
367 (ei, e, wi) — 2(1 — aq)?(bi(es, e, wi) — bj(ej, eq,w;)) =0
=0

3b3(ej, i, wy) — 2(1 — a;)?(bj(ej, eq, wy) — biles, ej,w;))

Proof. See appendix.
If the first two constrains simultaneously hold then the equilibrium of the

. x _ a—2/wi+1/w; x _ a—=2/wj+1/wi\5
benchmark case (i.e. ef = — i and e; = — = )

is also an
equilibrium in a behavioral case. The emergence of this equilibrium would not
bring any changes to the benefit distribution. As mentioned above, this can be
seen as an example of perpetuating wealth disparities although the inequality

trap is a consequence of the modelling toolkit and it is not insightful per se.

Nevertheless, this possible outcome should be noted.

5See appendix.
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Observation 1: Vw;,w; € [w;,wp] and Va,;,a; € [0,1) the benefit pair
(b, b5) where bf = 0 and b} = 0 satisfies the maximization problem correspond-
ing to the behavioral case.

Proof. If the 3" and the 4** maximization conditions simultaneously hold,
then the result follows immediately.

Observation 1 isolates the main suboptimality induced by the inequality
bias in a competition via effort setting namely, the existence of the equilibrium
benefit pair (0,0). Although the case of equal benefits eliminates the inequality
trap, this happens at the cost of the collective good. If both players incur zero
gains, then the welfare (i.e. b; +b; =0 ) goes down to zero.

To understand the strength of the constrain, the reader should bear in mind

that a zero-restriction imposed on the benefit pair generates numerous effort

equilibria of the form:

QWi ejWjej— /Wi, €i\/W;€; \/—4bwiei—4bw,-ej+a2wie¢wjej

e —
z 2(bwie?+4wieiwj6j)
aw;ePwge; wie?/z\/W\/f‘lbwiei74b’w‘7‘6‘j+u2wieiu}je‘j (12)
bwie?+bwe;w e (bw;e2+dw;e;wje;)
€; — L L

2wje;

awie;wjej+ /Wi, e\ /W;€; \/—4bwie,~—4bwjej+a2w1;e,;wjej

€; —
z 2(bwie?+4wieiwj6j)
aw-ezw e wvea/z w-e'\/74bw-e-74bw-e'+a2w'evw-ev (13)
i€, W2¢%5 + O R VA ) 1% i3 i€i%i%g
bwie?+bwie;wje; (bwie? +dw;e;wje;)
e; — L

2w;e;

The existence of multiple strictly positive equilibria effort pairs which gen-
erate zero gains for both players, means that in equilibrium the players can
end up neutralizing the benefit inequality through aggressive competition. This
can happen either if one player aggressively over-competes at the expense of
his opponent effort or if both players put in more effort than they would have
otherwise put in the standard, rational setting case.

Observation 2: The number of equilibrium effort pairs that generate a (0,0)
benefit pair is larger than one and strictly depends on the exogenous variables

6
Qj, bi,'lUi, Wy .

6 A numerical analysis shows that the observation extends to the total number of equilibrium
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Proof. The proof follows immediately from the form of Equation 17 and
Equation 18.

Based on Observation 2 the exogenous parameters support multiple equi-
librium effort pairs that generate zero gains for both players. Nevertheless,
observation 2 is a mere statement of existence. The equilibria number does
not bring any insight into the issue of stability nor does it say anything about
the probability of equilibria emergence. Therefore, changing the exogenous pa-
rameters namely, a,b, w;, w; can only change the number of effort pairs that
generate a (0,0) benefit pair without eliminating the potential suboptimality
in itself. The finding is particularly interesting with respect to wealth redistri-
bution as it shows that wealth changes cannot eliminate the zero benefit-risk
induced by inequality aversion. The way in which wealth changes affect the
probability of equilibria emergence remains open to further research.

Up to this point, I have shown that in a behavioral setting a potential equi-
librium effort pair can either be equal to the benchmark one or it can induce zero
gains for both players. The question that remains unanswered is: What other
types of equilibria pairs can emerge and what are their welfare implication?
Based on the utility maximizing conditions, all other equilibria pairs satisfy one

of the following constraints:

a—e;—1/w; 2(1—a;)? 2(1—a;)? 2(1—ay)?
ei:f/;(bj(ej,ei,wj)f ( 3 ) )2: ( 3 ) ( ( 3 ) 7bi(€i76j7wi))
a—e;—1/w; . 2(1—a;)?\2  2(1—ay)?  2(1—a;)?
ej:f/v(bi(ehejawi)_ ( 3 ) )2 = ( 3 ) ( ( 3 : = bj(ej, e, w5))
bi(e“ej)wi) n bj(€j7ei7wj) _ 2(1—304;‘)2 _ 2(1—3@1,)2 —0

Again, narrowing down the formulas for the equilibrium effort pairs that
separately satisfy the constraints above is challenging. Nevertheless, none of
the conditions imposed on the benefits b; and b; dismisses the existence of a
positive effort pair that would, in turn, satisfies it. Therefore, the form of
the additional equilibria effort pair is not the most relevant. The priority is

understanding their welfare implications.

pairs that maximize the utility function of the sophisticated decision makers. Nevertheless,
coupling the solution for Equations 14, 15 and 16 is no straightforward. Therefore, I refrain

from extending the proof.
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4.1 Tradeoff: Inequality vs. Welfare

To understand the tradeoff between inequality and welfare, I take a step back-
wards to reassess the utility maximization conditions for behavioral players. If
the benefit equilibrium is different from the benchmark case then it satisfies one

of the following conditions:

(e, o) — 20500y = Mo 0l BLZ0l o)
)2 C a2 21— a)?
(bj(ej,ei,wj) o 2(1 2 J) )2 _ 2(1 3 ]) (2(1 3 J) 7bi(ei7€j,wi))

Hence, the welfare maximization condition is either:

4(1 — a;)?
max(bi(e;, e5,w;) + bj(ej, €5, w;)) = % (14)
or
4(1 —Oéj)4
maz(bi(ei, ej, wi) + bj(eg, €1, wj)) = ———5—"— (15)

Proof. Follows immediately from the constraints above.
The conditions imposed on the maximum collective benefit allows for a com-
parison between the maximum welfare achieved in the behavioral setting and

the welfare derived in the benchmark case:

4(1—304,,)2 vs 4(1—304,-)4 vs (a—2/u1,3+1/'wj)2;;(a—2/wj+1/w,-)2

Therefore, keeping in mind that the «; and a; parameter are small (i.e.
o, a5 € [0,1)), it follows:

Proposition 3: The behavioral competition via effort game admits effort
equilibria that simultaneously reduce the inequality and increase the welfare only
when the pie is small. Otherwise, from a welfare perspective, all equilibrium

effort pairs that can potentially emerge are suboptimal.
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Proposition 3 has strong implications. If the pie is big, the benchmark
effort equilibrium welfare dominates all other equilibria that could potentially
emerge in the behavioral setting. In contrast, the only setting in which the
inequality aversion can potentially generate positive outcomes by reducing the
inequality benefit between the players while increasing the welfare relative to
the benchmark case is when the pie is already small. This brings into question
issue of certainty vs potential. If the overall gains are significant is the sacrifice
in welfare justified by a possible reduction in inequality? If the answer is no

then what can be done to mitigate the effect of bias?

4.2 Asymmetry in Cognitive Capacity

Consider the case when one of the players is rational and the other is one is
not. In other words, one of the agents has the cognitive ability to endogenously
determine the corresponding maximizing o while the other is constrained by a
« parameter which is exogenously given. Using the same formulations as above,

the maximizing utility constraints are:

a—e;j—1/w;

e; = 3

and

2(1—a;)? 2(1—a;)? ;1 2(1—;)?
(bj (e, er,wy) — 2052 y2 = 200l (2Umai) ey e w;)

Based on the insights derived, when only one agent displays a cognitive
impairment toward inequality, the set of equilibria effort pairs does not include
any pair that generates zero gains for both agents. Therefore, the asymmetry
in cognitive ability eliminates the main suboptimality induced by inequality
aversion. Nevertheless, along with the equilibrium benchmark solution, there
are still multiple equilibrium effort pairs that could potentially emerge which
approach the (0, 0) benefit case. As outlined previously, contingent on the size
of the pie, all the other potential equilibrium effort pairs generate a cumulative

benefit loss.
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5 Discussion

The findings of this paper are centered around the utility maximizing conditions
of behavioral decision makers. In this sense, the paper provides a step-by-step
descriptive proof rather than a full-blown analysis of the best response func-
tions characterizing the corresponding Cournot Nash equilibria of the compe-
tition via effort game. Nevertheless, these initial findings provide interesting
insights. Most importantly, I narrow down the types of equilibria benefit pairs
that can potentially emerge in a competition via effort setting when players are
constrained by inequality aversion. In the best-case scenario, the players end
up with the same benefit distribution as in the benchmark case. In the second-
best scenario, inequality aversion reduces the benefit inequality by generating
small positive gains for both agents. Nevertheless, contingent on the exogenous
parameters which in turn determine the size of the pie, the benefit inequality
reduction comes at the cost of the collective good. Lastly, the behavioral com-
petition via effort game display multiple effort pairs that generates zero gains
for both players. Going back to the initial scenario, my findings say that in
equilibrium, the two inequality averse financial analysts will never cooperate.
In order to avoid possible deviations, the agents can play their cards as they are
or be significantly more or less aggressive at the cost of their total gains. The
only other equilibrium option is to stay out of the game.

Apart from the equilibria analysis, the paper also captures a striking result
related to wealth redistribution. Explicitly I motivate the fact that a change in
the exogenous parameters, including w; and w; does not eliminate the subop-
timalities cause by inequality aversion. Therefore, wealth redistribution alone
cannot eliminate the risk of pushing both benefits down to zero. The idea
grows in popularity among inequality and poverty researchers including Atkin-
son (2015) and Appadurai (2004) who look for different avenues to mitigate the
dangerous effects of wealth disparities.

The findings call for pragmatism. If the benefit pie is big it is worth ex-

ploring the possible ways of mitigating the potential welfare loss induced by
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inequality aversion. Conversely, if the size of the pie is small, then there exist
behavioral equilibrium benefit pairs that welfare dominates the benchmark one.
Nonetheless, as equilibria existence is not equivalent to equilibria emergence
one should look deeper into the possible ways of securing the emergence of the

optimal equilibrium benefit pair.

5.1 Policy Implication

The main policy implication of this paper is related to education. As seen in
section 4, if one side is educated the risk of zero gains is eliminated. Indeed, it
is difficult to broaden the cognitive ability of the players by eliminating their
inequality aversion. Nevertheless, making people aware of the possible subopti-
malities generated by their inequality aversion can be the first step in eliminating
the bias. As technical theoretical models cannot educate masses one way to ex-
plicitly go about it is by changing the uniformity of the public narrative and by
fostering public debate (Krugman, 2005).

Another way to tackle the issue is to work from within. Keep in mind that
this model is based on the assumption of inequality of opportunity or at least on
the perception that players have regarding the issues. If the perception changes
then the input can change which in turn can mitigate the effects. According to
Brock (2010) one of the barriers for success is university enrolment. Davies and
Guppy (1997) found that social economic status affects the enrolment into eli-
tist universities and increases the likelihood of landing selective jobs. Carnevale
and Strohl (2013) brings evidence that competent students from lower economic
background do not give themselves the chance to apply for the elitist universi-
ties that would otherwise match their capabilities. The decision is based on a
so-called "misfit” (i.e. the students do not see any point in applying as they do
not identify with the schools). One possible way of fighting against this miscon-
ception is by increasing the quotas for lower-income students. If less privileged
students could identify themselves more with highly selective institutions, then

the misconception could disappear which could increase the gains of the agents.
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5.2 Limitations and Further Research

One limitation of the model is the lack of stability analysis. Although I show
that the behavioral setting admits multiple equilibrium pairs, I do not provide
any insights on the issue of stability. If agents are not rational, the utility
function takes the form of a polynomial of degree two which in turn depends
on two benefit function namely b; and b;. Therefore, I cannot easily isolate the
best response function as in the standard Cournot setting. Hence, I cannot test
the stability conditions given by (Fudenberg and Tirole, 1991). Similarly, I do
not provide an analysis of the probability of equilibria emergence. The shape of
the utility function allows for little manipulation. Nevertheless, future research
is invited to dive into the issue of probability especially in connection to wealth
changes as it could provide more insight into the possible added value of wealth
redistribution.

Another limitation relates to the distinction between rational and behavioral
players. In the context of this model, a rational player is farsighted. Hence, he
can determine optimal value of the corresponding alpha parameter. In contrast,
the cognitively impaired one takes the alpha parameter as given. This can be
seen as a striking difference. Ideally, the behavioral player should also be capable
of endogenizing the value of his alpha parameter subject to certain constraints.
Nonetheless, for tractability reasons, I follow Fehr and Schmidt (1999) by op-
erating with an exogenous alpha parameter. Further research should provide
more input on the matter.

As mentioned in Section 3, one can argue that in the face of multiple interac-
tions the bias disappears. Although this might be the case, a static framework
is in itself insightful as certain competitive interaction can happen only once.
Going back to the initial scenario, the likelihood of recurrence is relatively small.
Nevertheless, in the face of a repeated interaction, the agents can potentially
correct themselves as long as the equilibria emerging in the previous rounds is
different from the standard rational one. Otherwise, all future interactions are

subject to suboptimalities. Admittedly, this is more of an intuitive explana-
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tion rather than an actual proof. Further research is invited to investigate the
interlink between inequality aversion and competition in a dynamic setting.

Regarding the issue of multiple players, I employ the same argument as
Fehr and Schmidt (1999) who justified the two-agent model by assuming that
in a setting with multiple players, each interaction is considered separately.
The main reason why I employ the same justification is to avoid approaching
the Walrasian equilibrium. Nevertheless, the case of multiple players deserves
further attention.

Last but not least, this model assumes that equality of opportunity is con-

strained. Future research is invited to relax this assumption.

6 Conclusion

This paper builds from scratch a competition via effort model in which players
are constrained by inequality aversion. I start by analyzing the outcome when
players are both rational, meaning they can endogenously determine the utility
maximizing inequality aversion parameter. I use the equilibria findings as my
benchmark for understanding what are the implication brought by a mutual
cognitive impairment with respect to inequality. The analysis of the behavioral
competition via effort game isolates the possible equilibria that can emerge
due to inequality aversion. The welfare comparison shows that most likely a
reduction in the inequality of gains triggers a significant drop in the common
gains. Furthermore, it shows that a welfare redistribution does not eliminate
the potential suboptimalities caused by the bias. Based on the findings I call
for pragmatism and for education. Future research is invited to supplement
the initial findings by investigating the probability of equilibria emergence, to

understand better the magnitude of the risks induced by inequality aversion.
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Appendix

Proof of Proposition 1: The optimal «; parameter is given by:

bi(eisej wi)—bi(ei,e;,wi,w;)
au(f(ejawiawjaaiaaj)aejawiaai)) _ 8bi(ei7€jawi) 81}[ : bi(eivej;wi)J ’ ] _

= + —0
80@ 80&1‘ (’)ai

ie. (1—a;)(bi(es, ej,w;) —bj(ej, eq,w;))? =0 hence @; = 1
Similarly, the optimal «; parameter is given by:

b-(e-,ei,w-)—F(ex,ei,wv,wi)
8u(f(ei,wj,wi,ozj,ai),ei,wj,ozj)) _ 8bj(€j,€i,’wj)+av[ FAS) bjj(ej',e]i,uij) J } 0
aaj Baj 80[j

i.e. (1 - ozj)(bi(ei, €5, w1) - bj(ej; ei,wj))Z = 0 hence OZj =1
Therefore, the maximization problem becomes:

du(f(ej, wi, wj, oy, 05), €5, wi, 7)) OP(eisej)ei  IC(ei)

=0
aei 8ei (‘3ei
au(f(ei’wj,wi7O[j,Oéi),@i,’u}j’O(j)) B 3P(ej,ei)ej B 3C(ej) Y
ae.j N aej aej -
where e; = %gl/wi and e; = %gl/wj

9w 41w —2 /w1 w, -
thus e; = % and ¢; = % i.e. e; > e; hence the equilibrium

benefit pair is b; = (a—2/wé2-1/wj)2 and b, = (a—2/w§2-1/w,v)2
Proof of Lemma 1: Consider the following steps:

1. Given the initial wealth level w; and w; , with w; < w;, the marginal net

utilities of effort are:

For player ¢

(b-(e',e,-,w-)—F(&,ex,w'))
ou( f(ej,ws, wj, g, ), €5, wi, o)) Obi(es, e, w;) o[+ b er ey wiy) ]

861- o 8ei 861' -

b3 (e, e, w;) o Ob2(es,ej,w;) . Obi(es, e5,wi)bj(ej, e5,w;)  Ob3(ej,eq,w;)
— I3 (2] Y 7 _ 1_ X 7 (2 D) K] _2 7 (2R B v)Y] 7o =y J ] —
861- ( 047,) ( 861- 861- * aei )
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3b12(€i, €5, ’wi)iabi(eh & wi) —2(1—0@)2([)2‘(61'7 €j, wi)iabi(ei, & wl) —bj (Ej, €5, Wj)iabi(eh &> wi))

aei 861- Bei
0bj(e;, e, w;) Obi(e;, e;, w;
21— an(p, Pl ts) p Oilescini)y
Ib;(ei, ej, w;
~ %[3[)?(61‘, ej, wi) — 2(1 — Oéi)2(bi(€i, ej,wi) — bj(ej, ei7wj)]
€
For player j
v[(bj(ejvei»wj)*bij(ej’elwwj))]
8u(f(ei7wjvwi7ajuai)ue’hwj?aj)) _ abj(ejyeszj)+ bj(ej,ei,wj,w;) _
(96]‘ (96]‘ 86]‘
_ ab?(ej,ei,wj)_(1_0(4)2(817?(6]‘,ei,wj)_zabj(ej,ei,wj)bi(ei,ej,wi)_i_abf(ei,ej,wi)) _
Oe; J de; de; de;
obi(e;,e;, w;
~ M[?)b?(eﬁ €;, ’LUj) — 2(1 — ai)Q(bj(ej, ei,wj) — bi(ei, ej,wi)],

5'ej
; ob; _
Given o = 0

2. The marginal net utility of effort as o goes up:

62U(f(€j, W, Wy, Oy, Oéj),ej,UJi,Oéi)) 8bi(eiyej7wi)
Do, ~ e, 4(1—ar)(bi(ei, €5, wi)—bj(e;, €i, wy))

O?u(f(ei,wj,wi, o, ), e5,w;5,05))  Obi(ej, e, w;)
’ 36],5@], P e ]66]' J4(1_a1)(bj(ejvei7wj)_bi(ei7ejawi))

Maximization constrains for Proposition 2: The F.O.C for player i is given

by :
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i—(abg —a;)bj
8u(f(ejvwiijaaiaaj)vejvwivai)) o abi(eivej7wi) 8U[b ot ng(l ) )]

861' N aei aei

=0
Based on Lemma 1, T get:

Obi(ei, €5, Wi) 150 (b N oy Objlegenwy) oo
T[gbi (eis e, wi)=2(1—a;)" (biles, 5, wi)—bj(ej, €;, wy) b, (e, 5, w;) (bi—b;))] =0

0b;(eiej,w;)

bo 2 (307 (eqy e, wi) — 2(1 — ) (bi(es, €5, wi) — by(ej, e, w;)] = 0
Similarly, the maximization condition for player j is:

av[bj_(aibj;;(l_ai)bi)]

ou(f(ei, wj,wi, o, 05), €5, wi, 05))  Obj(ey, e, w;) ;
= = O
862‘ 8ej 8€j

Following the same logic as above I get:

ob;(ej,e;,w;
j((jaejj)[3b§(6], €;, wj) - 2(1 — Oéi)Q(bj(ej, €;, wj) - bi(ei, ej,wi)} ~0

Bruteforcing the maximization conditions can be rewritten as:

8bi(6iaejvwi) —0
8ei N

8bj(ej,ei,wj) -0
aej

3b12(61', ej,wi) — 2(1 — Oéi)2(bi(6¢, Gj, wz) — bj(ej,ei,wj))O
3b7 (e, €, w5) — 2(1 — a;)?(bj(ey, e, ws) — bilei, e, w;))0

Therefore an equilibrium effort pair has to satisfy one of the following con-

straints:
8bi(ei,ej,wi) 8bj(ej,ei,wj)
= = 0
8€i aej
W = 3b7 (e, ¢j,w;) — 2(1 — ;) (biles, e, w;) = bj(ej, e5,w5)) =0
J
Ob;(es, e5,w;
7( aei] ) = 3b?(€j,€i,’w]‘) — 2(1 — aj)Q(bj(ej,ei,wj) — bi(ei,ej,wi)) =0

3b%(6i7 ej,wi) — 2(1 — ai)Q(bi(ei,ej7wi) — bj(ej, ei,wj)) =0
3b§(ej,ei,wj) — 2(1 - ozj)Z(bj(ej, ei,wj) - bi(ei, ej,wi)) =0
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