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Chapter 1

Introduction

1.1 Motivation

Tullock’s (1980) analysis of rent-seeking behavior has become one of the
most commonly used analytical frameworks in economic research on con-
tests[] In any contest, there is a number of players who compete for a rent
mostly of a given size (often called the prize). Players strive to receive a
large share of this rent or secure a larger probability of receiving the whole
rent. In order to increase their share or their probability of winning, they
expend costly effort. These efforts are sunk, irrespective of how successful
the players are in attracting the rent. A player’s effort increases his (ex-
pected) share in the rent, and, at the same time, reduces the (expected)
share of the rent that other players can receive. The other players may also
expend such non-refundable effort. Hence, a contest solves a distributional
problem in a very inefficient manner because a lot of effort is expended and
wasted from a collective point of view.

Irrespective of contests being potentially wasteful, instances of players
solving a distributional problem in this manner can be found in economic,
but also political and social environments. In any such situation, the play-
ers try to get ahead of their rivals by expending scarce resources. The type

of resource they expend varies depending on the specific example. It can

!There exist several microfoundations (see, e.g., Hirshleifer and Riley 1992, Fullerton
and McAfee 1999, and Baye and Hoppe 2003) and axiomatic foundations (see Skaperdas
1996 and Clark and Riis 1998) for this type of contest structure.
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be money, effort, soldiers, guns, time, or any other scarce resource. Con-
flictual situations that can be modelled as contests include advertising (e.g.,
Schmalensee 1972 and 1978), political campaigns (e.g., Baron 1994, Skaper-
das and Grofman 1995), litigation (e.g., Hirshleifer and Osborne 2001, Baye
et al. 2005, Robson and Skaperdas 2008), patent races (e.g., Reinganum
1989, Baye and Hoppe 2003), sports competitions (e.g., Szymanski 2003,
Runkel 2011), promotion tournaments (e.g., Lazear and Rosen 1981, Rosen
1986, Miiller and Wirneryd 2001, Tsoulouhas et al. 2007), sales contests
(e.g., Lim et al. 2009, Chen et al 2011), lobbying (e.g., Nitzan 1994, Epstein
and Nitzan 2004, Polborn and Sahakyan 2007), mating contests (especially
in biology, e.g., Parker 1974, for surveys see Andersson 1994, and Hardy
and Briffa 2013) or military combat and war (see Konrad 2009 for a more

thorough description of these examples).

Due to the large variety of possible applications, there is a large and
growing theoretical literature on contests (see Konrad 2009 for a survey).
Obviously, researchers would also like to test their theories and address the
issues surrounding contests using data. However, individual effort is diffi-
cult to observe in the field, since only the joint outcome of effort, ability and
noise (the performance of the contestant) can be observed. Moreover, there
are issues of self-selection and a lot of unobservables that make an empirical
analysis with observational data difficult. Therefore, data from experimen-
tal contests is the preferred choice. The beauty of controlled experiments
lies in allowing to clearly test theories and channels without confounding
effects. In the laboratory, effort choices are often monetarized and thus
easy to measure. Moreover, it is possible to induce differences between the
contestants for example in terms of strengths. Furthermore, by comparing
different treatments whose designs differ in nothing but one aspect, it is
possible to directly attribute changes in human behavior to changes in the
treatment. The first studies to test contest theory in the laboratory were
conducted by Bull et al. (1987) and Millner and Pratt (1989, 1991). Since
then, a large body of papers on experimental contests has been published.
When Dechenaux et al. (2015) surveyed the literature on experimental con-
tests (including all-pay auctions and rank-order tournaments) they already

found more than 200 experimental papers on the topic.
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Despite the work that has been carried out, a few puzzles related to con-
flict and (experimental) contests remain. I will name three puzzles which
this thesis addresses below. One very basic puzzle is why resource wasteful
conflict emerges at all. Often, the participants of a contest would all be
better off if they split the rent peacefully rather than engaging in costly
conflict. This is especially true for a military conflict in which peace would
save lives, but also in other situations. In the corporate world, companies
could save on costs for lawyers if disputes could be settled without lawsuits.
For example, patent litigation burns millions of dollars of the private and
public hand (for estimations see, e.g., Choi 2005 and Harhoff 2009). Another
example are the primaries in the US presidential elections (Klumpp and Pol-
born 2006). In their campaigns, the candidates spend unbelievable amounts
of money to convince the electorate that they should be their party’s presi-
dential nomineef| Additionally, US tax payers bear a large burden of these
elections’] With this in mind, the obvious question is why people prefer to
expend so many resources (often in vain). Can we say something about the

circumstances that facilitate or hinder the outbreak of a violent conflict?

Another puzzle concerns alliance formation in contests. From a ratio-
nal choice perspective, alliances in a contest suffer from two disadvantages.
First, the members of the alliance face a free-rider problem, as the effort
they expend is a contribution to a public good (Olson and Zeckhauser 1966).
All members benefit from higher collective effort of the alliance, but each
individual member prefers additional effort to be expended by the other
members of the alliance. Second, the members of the alliance face a hold-
up problem: If they win the contest, they have to decide on how to divide
the prize. If they allocate the prize by means of another costly conflict,
the effort expended in this internal distributional conflict reduces the value

they attribute to winning the prize. This further discourages the members

2For example, in the 2012 primaries Mitt Romney spent almost $80 million (see
http://theweek.com/articles/476099/cost-mitt-romneys-nomination-by-numbers). The
cost of only launching a campaign in 2016 was estimated by Fortune maga-
zine to be more than $50 million (see http://fortune.com/2015/03/28/campaign-
financing/). Also compare http://www.huffingtonpost.com/gobankingrates/2016-
election-results-vs_b_9369246.html for actual spendings in the current 2016 primaries.

3The cost of the 2012 primaries to the public was estimated to be $400 million (see
http://ivn.us/2013/03/25 /partisan-primaries-cost-taxpayers-400-million-last-year).
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of an alliance when they decide on the effort they expend in the (external)
conflict[] In other words, expending one unit of effort is less valuable for
an alliance member than for an individual (stand-alone) contestant. Why,
then, do we see alliances being formed in wars, coalitions being built for gov-
ernments, strategic alliances being formed by firms, teamwork on the rise
in companies? Is William Tell right that "the strong man is the strongest

when alone," as he claims when he refuses to join the alliance in Friedrich

Schiller’s (1804) saga of the Riitli oath? Is Stauffacher right that "even the

" in the same drama? Can we identify advan-

weak grow strong by union,’
tages of alliance formation that have been overlooked traditionally? Can
we learn something about who is more likely to form an alliance?

Third, not only do (some) people like to fight a contest and (some) people
do enjoy being part of a group in a contest despite the obvious disadvan-
tages, but we also see that once they are in a violent conflict, contestants
typically overexert effort (Sheremeta 2013, 2016). They spend more than
what the Nash equilibrium with payoff maximizing agents would predict.
This is the last puzzle we look at in this thesis. A number of explanations
such as bounded rationality, mistakes, probability distortions, inequality
aversion, spite or impulsive behavior have been put forward to explain it.
We concentrate on another popular explanation for the higher effort: the
joy of winning. How large is the joy of winning? If we add a non-monetary
component of winning or losing a contest on top of the monetary prize, can
we say something about the implications for effort?

All of the above puzzles and the resulting questions allude to issues of
heterogeneity and selection. Below, I will describe the particular type of

heterogeneity and selection in more detail.

1.1.1 Heterogeneity

Usually, early economic models work with the assumption of homogeneous
players. However, "variety is the spice of life" according to a proverbial say-
ing. Translated into economics, this means that introducing heterogeneity

of players into economic models can yield new and sometimes surprising

4The experimental evidence by Ke et al. (2013) confirms such a hold-up effect.
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insights. This is also true for contest theory. An established result is that
an increase in player heterogeneity leads to a decrease in aggregate effort
(Baye et al. 1993, Gradstein 1995, Stein 2002).

Players can be heterogeneous in their abilities, fighting strengths or cost
of effort, but also in their valuations of the prize. For instance, the marginal
value of securing a patent may be smaller for an established pharmaceuti-
cal company than for a start-up, and the value of winning a championship
may be higher for one professional athlete than for another (for example,
because an attractive sportsman can make more money from sponsoring
and advertising than a sportsman of average appearance). These are exam-
ples of heterogeneous prize values in patent races and sports tournaments.
There are also examples of heterogeneous abilities, cost of effort or fight-
ing strengths in political competition, promotion tournaments and military
conflict. In political competition, it might be less costly for a rich or well-
connected candidate to finance an expensive election campaign than for a
poor newbie. Further, men might be more able to work extra hours in
the office in the evening than women, trying to convince the boss of being
the right candidate for a promotion. Finally, the fighting strengths of sol-
diers of the Russian army might be different from the fighting strengths of

combatants of the so-called Islamic State.

In this thesis, we make an effort to control for observed heterogeneity
for example in risk attitudes among the experiment participants in the best
possible way, using laboratory and econometric methods. However, we also
induce heterogeneity in terms of differences in cost of effort in chapters 2
and 3. These differences represent differences in ability, fighting strength,
or motivation. Moreover, in chapters 2, 4, and 5 we try to capture hetero-
geneity in terms of differences in the value of the prize. These differences
can stem from a non-monetary valuation of winning. In chapter 2, players
differ in intrinsic and extrinsic motivation and we are interested in whether
stronger types (with a high motivation) or weaker types (with a low mo-
tivation) are more likely to decide to fight in an alliance rather than as a
stand-alone player. In chapter 3, players differ in extrinsic motivation and
in unobserved intrinsic motivation. We are interested in whether strong

types (with a low cost of effort) or weak types (with a high cost of effort)
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decide to fight a contest or find a peaceful solution to dividing the prize and
how an increase in the heterogeneity of their extrinsic motivation affects
this decision. In chapters 4 and 5, players differ only in intrinsic motiva-
tion. We analyze how much money players are willing to pay in order to
fight a contest again and use this number to measure the player’s hetero-
geneity in intrinsic motivation in chapter 4. In chapter 5, we analyze how
heterogeneity in intrinsic motivation affects selection decisions and effort in

the contest.

1.1.2 Selection

Selection is an important topic in economics. Depending on the area, it has
different connotations. While a micro theorist might think of adverse selec-
tion (Akerlof 1970), an econometrician might think of the sample selection
bias (Heckman 1979). In contests, selection can be on the type of payment,
e.g., the decision for a tournament vs. piece-rate payment or a winner-
takes-it-all vs. a proportional prize contest. It can also be on whether or
not to enter a contest, e.g., whether to enter a highly competitive job mar-
ket for professional dancers or scientists. Relatedly, there is the decision
on whether to become active in a contest, e.g., architects are always in a
contest to win projects, but sometimes an architect might decide against
even submitting a draft in a competition if there is a favored experienced
competitor. Theory has also analyzed the factors determining whether to
become active in a contest and their interaction with heterogeneity of the
players (see e.g., Stein 2002) showing that the players with a low valuation
of the prize or large effort costs may want to abstain from the conflict.

In this thesis, the number of active contestants in a given contest is al-
ways fixed. In chapters 3, 4 and 5 we consider two-player contests. Chapter
3 is about the (indirect) selection of entering into a contest or peacefully
dividing a rent. Chapters 4 and 5 deal with the selection to play a contest
again or to stay with the outcome of a previously played contest. Hence,
this question is related to choosing a particular form of payment. Chapter
2 analyzes the decision to select into an alliance or fight as a stand-alone
player in a three-player contest, i.e., the decision is about selecting the type

of contest. The advantage of analyzing these questions in the laboratory is
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that we observe all selection decisions, circumventing the problem of a bias
introduced by unobserved self-selection.

Selection into groups is interesting because many contests are charac-
terized by competition between groups (or “teams” or “alliances”) and not
individuals. Examples include competition between corporate consortia,
R&D competition between firms, election campaigns by political parties,
and alliances between countries engaged in warfare, such as the Allied Pow-
ers of the Second World War. The formation and performance of alliances
in conflicts is a topic as old as the study of conflict and much of the recent
modeling in this area has employed contest theory (for a survey, see Bloch
2012). In parallel, the interest in experiments on group and alliance behav-
ior in contests has grown. In group contests, members of the same group
have an incentive to cooperate with each other by contributing individual
efforts in order to win the contest. Since effort is costly, each member also
has an incentive to shirk in contributing effort and free-ride on the efforts
of other members. Hence, we also touch upon the issue of adverse selection
because players with a low motivation are more likely to decide for joining
an alliance.

One of the disadvantages of alliance formation is the hold-up problem,
as mentioned above. If the alliance wins the contest, the alliance members
have to decide about how to divide the prize (for example think about the
discussion about how to divide Germany at the Yalta Conference). If the
alliance members cannot agree on a peaceful division, they allocate the prize
by means of another costly conflict| Whether there is conflict or peace is a
fundamental question, not only for victorious alliances. The determinants
of the outbreak (or the end) of violent conflict have been studied both theo-
retically and empirically in economic theory, political science, international
relations and political economy. Military conflict is the first application that
comes to mind (e.g., if two countries negotiate about dividing resources such
as oil or fishing waters, but negotiations break down, they go to war). How-
ever, we can also see the outbreak of wasteful conflict in other applications

such as elections or litigation (e.g., if two parties want to form a coalition,

°This is the focus of the paper by Ke et al. (2015). The experimental evidence
shows that the imbalance between alliance members’ fighting strengths matters for the
likelihood of internal conflict.
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but cannot agree on their positions, they use uncoordinated policy plat-
forms in their election campaigns or if two firms negotiate about the extent
of a patent, but fail to reach an agreement, they go to court)ﬂ This type
of selection into open conflict is studied in chapter 3, with a focus on the
interaction of the balance or imbalance of power, strategic uncertainty and
the existence of a mediator.

In experimental lottery contests we typically observe that players in the
laboratory expend more than what the Nash equilibrium predicts. One
of the explanations for it is that winning a contest yields a non-monetary
joy of winning. Chapter 4 uses a special bidding mechanism that leads to
self-selection of players, with the aim of backing out the extent of this joy
of winning. Finally, chapter 5 analyzes the consequences of self-selection

according to the joy of winning on aggregate effort.

1.2 Contribution and main results

In this thesis, I use theory-guided controlled laboratory experiments to an-
swer a number of research questions. The research questions in the following
chapters fit different types of applications particularly well. Nevertheless,
I concentrate on winner-take-all Tullock lottery contests with linear costs
throughout. Below, I will give a short outline of the contribution and a

preview of the main results of the following chapters.

1.2.1 Endogenous group formation

This chapter focusses on the self-selection of certain types of players into
alliances. We experimentally study endogenous alliance formation and con-
test effort choices in a generic three-player contest. Endogenous alliance
formation may strengthen positive aspects such as in-group favoritism and
in-group solidarity compared to exogenously formed alliances. However, ad-
verse selection can constitute a major problem when alliances are formed on
a voluntary basis. We ask: Under which circumstances do players prefer to

join an alliance and which type of players prefers to form an alliance (and

0The three examples are borrowed from Bester and Wirneryd (2006).
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vice versa, what are the characteristics of a player who prefers to fight as a

stand-alone player)?

Taking into account that individuals may differ in their intrinsic or ex-
trinsic incentives to expend effort, the theory analysis predicts that such het-
erogeneity leads to a self-selection of weakly motivated players into alliances
while strongly motivated players prefer to stand alone in an upcoming con-
flict. The intuitive reason is that strong players bear a disproportionately
high share of the cost of alliance effort and therefore prefer to stand alone

while weak players benefit from the free-riding opportunities inside alliances.

The experimental evidence on self-selection is in conformity with the
theory analysis of the game. In particular, the experimental results show
that self-selection occurs along heterogeneity in both intrinsic and extrinsic
motivations. So-called strong players who have a low monetary and/or
non-monetary cost of effort select predominantly into stand-alone contests,
while so-called weak players with a high monetary and/or non-monetary
effort cost predominantly enter into endogenously formed alliances. Strong
players are "exploited" by their alliance partner who free-rides on them.
These strong players have a higher expected empirical payoff in the stand-

alone contest which can explain their preference for standing alone.

The self-selection of weak players leads to lower effort in endogenously
formed alliances. Yet, the evidence found suggests that there is also an
effort-stimulating effect whenever players voluntarily form an alliance. This
is the case because those players who care a lot about their in-group select
into the alliance and because in-group solidarity is enhanced. This increase
in effort is in line with theories of in-group favoritism and partially coun-

terbalances the negative effect of self-selection.

We have also found evidence for strategic effects as effort choices depend
on the co-player’s vote on alliance formation. Strong players who end up in
an alliance with a player who voted for alliance formation choose the highest
effort anticipating that their alliance partner is likely to be a weak type and
is likely to expend little effort. Similarly, weak players with a preference
for alliance formation choose the lowest effort when they are in an alliance
with a co-player who voted against alliance formation. These intuitions

have been confirmed by an additional treatment in which we also elicited
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player’s beliefs about their co-player’s effort. Last, we analyzed institutional
questions regarding the process of alliance formation. We find that when
alliance formation decisions require unanimity (instead of majority), the
individual probability of voting for alliance formation is higher than under

majority voting.

1.2.2 Balance of power

In this chapter, we study the role of an imbalance in fighting strengths when
players bargain in the shadow of conflict. More specifically, we analyze the
relation between power asymmetries of players and, first, the probability
of a resource wasteful conflict as well as, second, the distribution of the
surplus created from reaching a peaceful solution. This chapter relates to
the literature on bargaining and the role of asymmetries, to research in the
context of evolutionary game theory, and to the large literature in political
science addressing the balance of power and the probability of war. Balance
of power theory predicts that conflict is most likely to break out if the play-
ers have very different strengths. Power transition theory, on the contrary,
predicts that conflict is most likely to break out if the players have roughly
similar strength. An influential argument by Wittman (1979) suggests that
the balance of power should not matter for the probability of military con-
flict; it should only matter for the distribution of the resources. We take
this hypothesis as our starting point in the experiment. In the experiment,
players differ in monetary effort cost. They first bargain about the division
of some resource and only if they fail to reach a peaceful agreement they
enter into conflict.

Our experimental results suggest the following: First, whether or not an
increase in power asymmetry between players leads to more conflict depends
on the exact specification of the bargaining stage. Second, the importance
of exogenous mediation proposals depends on the balance of power.

In a simple bargaining game with an exogenous mediation proposal,
the likelihood of conflict is independent of the balance of power. A larger
imbalance of power does not influence the likelihood of conflict in case of
such an exogenous division mechanism. This mechanism can be thought

of as a mediator without own objectives who offers an equitable division of
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the prize (the Nash bargaining solution) to the players. On the individual
decision level, we find that the disadvantaged player rejects the proposed
division more often than the advantaged player. However, if the mediator
suggests a 50-50 split of the prize, then the player who is advantaged in
the contest is more likely to reject. If the exogenous mediation proposal
does not account for changes in the relative fighting strengths at all, the
conflict probability is substantially increased. These findings can be ratio-
nalized by relative standing considerations and are in line with findings from

evolutionary biology.

If we move away from the exogenous division of the prize and if instead
bargaining involves endogenous demand choices, the results are different.
With endogenous demands, the likelihood of conflict is higher if power is
more imbalanced. Endogenous bargaining outcomes reflect the players’ un-
equal fighting strengths, and outcomes are most efficient when power is
balanced. With small power asymmetry, players successfully implement an
endogenous peaceful 50-50 split in about half of the cases. Comparing the
bargaining mechanisms, exogenous mediation proposals even lead to more

conflict than own demand choices in the negotiations if power is balanced.

If power asymmetry is large and bargaining follows the rules of a Nash
demand game, we observe a significant amount of conflict. Conflict arises
in more than half of the cases because total demands by both players are
incompatible. The mere possibility to appropriate a larger part of the re-
sources (that is absent in the simple game with an exogenous mediation
proposal) makes players less willing to compromise. If a peaceful agreement
is reached, however, the entire material surplus of peaceful sharing is allo-
cated to the disadvantaged player. The advantaged player only gets a share

close to his conflict payoff (his outside option).

We rule out a number of individual reasons for the high amount of con-
flict in the treatment with endogenous demand choices and a large asym-
metry in fighting strengths. First, the high probability of conflict cannot be
due to efficiency considerations only. It is true that total rent dissipation in
the conflict decreases in the degree of asymmetry, making bargaining fail-
ure more costly when players are similar in terms of their fighting strengths.

Hence, reaching a peaceful agreement is more valuable if players are very
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similar in terms of fighting strength. However, this efficiency argument
should also hold for the simple exogenous bargaining mechanism, but we
find no influence of power balance on the probability of conflict in this in-
stitutional setup. Furthermore, coordination failure can only be a partial
explanation for the increased conflict probability as the conflict probabil-
ity remains high even when the equitable solution chosen by the mediator
is suggested as a focal point to the players. The increased conflict prob-
ability when asymmetry between players is high may stem from increased

individual heterogeneity, for example in the value of winning.

1.2.3 Joy of winning

A widely observed phenomenon in lottery contest experiments is that play-
ers significantly overexpend effort, compared to a theoretical benchmark.
One common explanation for this overbidding is that players value the prize
higher than its pure monetary value, the so-called joy of winning yields ad-
ditional utility for them. This can not only explain the overexpenditure,
but also the heterogeneity in contest efforts observed. However, while the
existence of a joy of winning is increasingly accepted in the literature dis-
cussing experimental contests, there is little undisputed empirical evidence
for such a joy of winning because the joy of winning is difficult to observe
and to quantify.

The most prominent test for an inherent joy of winning has been devel-
oped by Sheremeta (2010b): After the main part of a contest experiment,
players can invest effort in another contest, in which the prize value is set
to zero. They are actually fighting for nothing. The effort expended in this
zero-prize-contest is then taken as a measure for the joy of winning. This
post-test has been implemented by a number of recent contest experiments.
However, the measure is also challenged, e.g., because of its post-test na-
ture and because it is a one-sided measure in that it cannot measure the
frustration of losing.

Therefore, this chapter develops a novel, incentivized way to measure
the individual-specific joy of winning as well as the frustration of losing in a
Tullock lottery contest. Two players first take part in a Tullock contest and

once they know their realized payoffs, they can place a (negative or positive)
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bid for playing again. This bid for playing again is then compared to a
predicted bid whose value is derived from theory. Using this comparison,
it is possible to test whether the players over- or underbid for playing the
contest again. Moreover, the players report their current satisfaction levels
right before and after the contest, yielding a non-incentivized measure for

the joy of winning and the frustration of losing.

We find that the willingness to pay for a restart of the contest differs
between winners and losers. Compared to a theoretical benchmark, winners
are more satisfied and overbid for a restart of the contest, indicating a joy
of winning. On the contrary, losers are less satisfied and underbid, indicat-
ing a frustration of losing. In both dimensions, we observe a large degree
of heterogeneity across our players. We find a monotonicity in changes in
satisfaction that are induced by the restarted contest. Former losers (win-
ners) and later winners (losers) experience the highest increase (decrease)
in satisfaction. Both measures of the joy of winning, bid differences and the
change in satisfaction, are significantly positively correlated, but they are

uncorrelated with the effort players expend in a zero-prize contest.

The implementation of the experiment allows us to test another hypothe-
sis. Winning probabilities were illustrated by means of a fortune wheel with
an arrow spinning clockwise on the screen. Hence, we have (visually) bare
winners and losers versus sure winners and losers, depending on whether the
arrow stopped close to the frontier between both players’ winning regions or
far away. In line with findings from psychology on narrow misses, we find
that visually tight outcomes lead to stronger reactions (both for the bid
differences and for the change in satisfaction). Moreover, we test whether
the joy of winning is higher the lower the actual win probability of a player.
We find that the magnitude of the joy of winning and of the frustration
of losing is larger when winning or losing comes as a surprise, in line with

former results that surprise enhances emotional effects.

Further, effort levels (which are higher than predicted in the first contest)
are even higher in the second contest, which can be explained by selection
of high effort types with a high joy of winning into the restarted contest.
On average, players who continue to the restarted contest expend more

effort in the first contest than players who do not continue to the restarted
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contest. Moreover, the new composition of players (biased towards high joy
of winning types who expend a lot of effort) leads the subset of players who
continue to the restarted contest to increase their effort in the restarted

contest even further.

1.2.4 Self-selection of joyful players

Expenditures in a contest can either be a good or a bad, depending on
the application. For example, rent-seeking expenditures are normally seen
as social waste because a welfare maximizing social planner would try to
minimize them. The same is true for patent races and obviously for mil-
itary conflict (not taking into account positive effects on innovations and
the defense industry). On the other hand, the effort expended by poten-
tial candidates in promotion contests can be viewed as something good if
the effort increases the knowledge frontier or more generally contributes to
the company’s output. Innovation effort is also typically seen as a good
and a social planner approves of the positive externalities from increases in
research and development spending. Also in sports tournaments the effort
expended in training and in matches has positive externalities and is viewed
as a good that should be maximized from a planner’s perspective. Hence, in
some applications the contest organizer may wish to maximize expenditure
and in other applications he may wish to minimize expenditure.

In chapter 5, we build on the experimental set-up of chapter 4. We take
the perspective that effort is a good and analyze the decision of an effort-
maximizing contest designer on whether to allow for a restart of the contest,
inducing self-selection of joyful players. We show that letting players self-
select into a contest according to their joy of winning can lead to higher
effort levels in the contest. We employ a complete information model with
two types who differ in their degree of the joy of winning. Due to the
increased incentives for joyful players who care about the monetary value
of the prize and about winning per se, effort expended by joyful types is
higher than effort expended by types who only care about the monetary
value of the prize.

We assume that there is asymmetric awareness between contestants and

the contest designer about the end of the game. Contestants might know
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that a restart might occur, but we simplify the analysis by assuming that
they ignore this probability when they decide on their first period effort.
After the contest, the players learn that they can bid money to have the
chance to replay the contest and that the monetary consequences of the
former contest are eliminated upon restarting. On the one hand, joyful
players in our model include the expected joy of winning in the expected
payoff of a restarted contest. This raises their bids for a restart of a contest.
On the other hand, joyful players prefer playing against those types who
only care about the monetary value of the prize. We show that more of
the joyful types than of the types without a joy of winning end up in the
restarted contest. Sorting along the joy of winning leads to an increase
in average effort, which is beneficial for a contest designer who wants to
maximize average effort.

We also show that adding a potential frustration of losing as a non-
monetary component to the utility function cannot explain the increase in
effort in the restarted contest. Effort by players with a frustration of losing
is higher than effort by players who are motivated by monetary incentives
only. However, the players with a frustration of losing bid less for playing a
contest again and therefore are less likely to end up in the restarted contest,
so that self-selection has the opposite effect to the framework with joyful
players. Moreover, we emphasize that the results rely on the fact that the
joy of winning is a non-monetary component. This component cannot be
eliminated even if the contest in which the player won is not selected for

payment.
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Chapter 2

Endogenous group formation

in experimental contests

This chapter is joint work with Kai Konrad and Florian Morath. It is
based on the article Endogenous group formation in experimental contests,
published in FEuropean Economic Review, 2015, Volume 74, p. 163-189.
Please see http://dx.doi.org/10.1016/j.euroecorev.2014.12.001.
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Chapter 3

Balance of power and the

propensity of conflict

This chapter is joint work with Kai Konrad and Florian Morath, it is based
on the article Balance of power and the propensity of conflict, forthcoming in
Games and Economic Behavior. Please see http://dx.doi.org/10.1016/j.geb.2015.12.013.
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Chapter 4

Who pays to win again? The
joy of winning in contest

experiments

4.1 Introduction

Redistributing resources by fighting a contest may in addition to allocative
implications also have more subtle consequences for the contest participants:
The winner of the contest may enjoy the pride and happiness of winning
and being first, while the loser of the contest may suffer from his failure
and be frustrated by having exerted effort in vain. This may be true for
a variety of contests between individual decision-makers, be it promotion
contests, sports contests or political contests. For some applications such
as board games, victory even comes without any allocative or monetary
consequences. In these contests, especially if there is a lot of randomness
in individual performance, non-monetary effects such as the so-called joy of
winning seem to be a major motivation for why people strive to be first/]
In the experimental economics literature, the joy of winning has been
used to explain overexpenditure in lottery contests, compared to a theoreti-

cal benchmarkE] The intuition is that players value the prize higher than its

!This chapter is based on Herbst (2016b), Max Planck Institute for Tax Law and
Public Finance Working Paper 2016-06.
2 A variety of explanations exist for why people overexpend effort. Sheremeta (2016)
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pure monetary value, in other words, they derive additional utility from the
fact that they have won. If the extent of the additional utility differs across
individuals, the joy of winning can not only explain the overexpenditure,
but also the heterogeneity in contest efforts observed. Due to its explana-
tory power, the existence of a joy of winning is increasingly accepted in the
literature discussing experimental contests (e.g., Brookins and Ryvkin 2014,
Cason et al. 2013, Hart et al. 2015, Herbst et al. 2015, Mago et al. 2013,
Morgan et al. 2016, Price and Sheremeta 2011 and 2015, Rockenbach and
Waligora 2016). The acceptance is also reflected by the fact that more and
more theory models on lottery contests include it[| Nevertheless, there is
little undisputed empirical evidence for such a joy of winning in experimen-
tal contests. The lack of strong empirical evidence is the main motivation
for this chapter.

The most prominent test for an inherent joy of winning in experimental
contests has been developed by Sheremeta (2010b): After the main part of
a contest experiment, players can invest effort in another contest, in which
the prize value is set to zero. That is, the players are actually fighting for
nothing. The effort expended in this zero-prize-contest is then taken as a
measure for the joy of winning. This post-test has been implemented by
a number of recent contest experiments (e.g., Brookins and Ryvkin 2014,
Cason et al. 2013, Herbst et al. 2015, Mago et al. 2013, Price and Sheremeta
2011 and 2015). Yet, some open questions remain: Are some players just
too tired and fatigued at the end of the experiment that they do not pay full
attention to the experimental task? Are their effort choices in a zero-prize-
contest therefore merely a repetition of previous effort choices? Thus, the
reliability of this measure is questionable. Moreover, the effort in a zero-
prize-contest is a one-sided measure in that it cannot yield any insights on
the frustration of losing. Without further controls, it is also impossible to
disentangle the joy of winning from the joy of playing a lottery.

The contribution of this chapter is twofold. First, we introduce an al-

tests a number of different reasons for this phenomenon, with the joy of winning being
one of them.

3See for example Krikel (2008). More recently, Cotton et al. (2015) and Metzger
(2015) model players with heterogeneous values of winning a prize, referring to the joy
of winning. Gauriot and Page (2016) also include the utility of winning in their model
to rationalize empirical data from tennis matches.
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ternative experimental way to measure the joy of winning. Second, we also
measure the frustration of losing, which allows us to test for asymmetries be-
tween being ahead and behind. We test for both of these non-monetary util-
ity effects in two different ways, one incentivized and one non-incentivized.
For the incentivized part, two players first take part in a Tullock lottery
contest. Once they know their realized payoffs, they can place a (negative
or positive) bid for playing the contest again. The model framework yields
a prediction for this bid for playing again, against which we can compare
the observed bid. With this comparison, we can test for over- or underbid-
ding as regards playing the contest again. Additionally, we can differentiate
between players that have won or lost prior to the decision on bidding for
a restart. For the non-incentivized part, the players are asked about their
current satisfaction level with respect to their experience in the experiment
right before and right after the contest. This is in line with the usual practice
of using self-reported emotional states which has recently been introduced
into experimental economics and which is a proxy for a player’s utility[] An
additional contribution is that we dive further into some different dimen-
sions of the joy of winning and the frustration of losing. More specifically,
we test whether the joy of winning and the frustration of losing depend on
the outcome being expected or unexpected and on the outcome seeming to

be narrow or clear.

The results show that compared to the prediction, winners bid too much
for a restart of the contest and losers bid too little, indicating a joy of win-
ning for winners and a frustration of losing for losers. Emotionally, winners
report to be more satisfied than losers, although the difference can also
be explained by monetary payoffs. Both measures of the joy of winning,
overbidding and the change in satisfaction, are significantly positively cor-
related, but they are uncorrelated with the effort players expend in a zero-
prize contest (Sheremeta, 2010b). Furthermore, effort levels in the repeated
contest are higher. This alludes to both selection and behavioral effects:
The restarted contests attracts high effort types and induces stronger com-

petition.

*Lang and Morath (2015) recently used it in their experiment and Perez-Truglia (2015)
provides a validation test of using stated subjective well-being data.
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This chapter is related to different strands of the literature. First and
foremost, Sheremeta (2010b) developed a direct test for the joy of win-
ning in experimental contests as discussed above. Yet, the joy of winning
has also been under investigation in other contexts. With a psychometric
approach, i.e. analyzing data from extensive questionnaires, Franken and
Brown (1995) analyze how the importance of winning differs between differ-
ent individuals. Ding et al. (2005) study how the joy of winning influences
bids in internet auctions. Malhotra (2010) also uses bids in online auctions
to study competitive arousal from a decision-making aspect, which is also
the focus of a paper by Malhotra et al. (2008). Coffey and Maloney (2010)
study the "thrill of victory" with data from dog and horse races and Mat-
sumoto and Willingham (2006) study the thrill of victory with photos of
facial expressions from judo competition winners. Unlike these papers, we
are interested in the joy of winning in the experimental laboratory. The
laboratory also provides a controlled environment and the possibility to in-
centivize individual decisions from which we deduce the joy of winning and

the frustration of losing.

The consequences of winning and of losing are the focus of some other
papers: Biihren and Pleiner (2014) show that winners are more likely to pay
for actually getting a physical trophy, Kidd et al. (2013) find that winning
increases generosity, especially if winning comes unexpectedly, Kasumovic
and Kuznekoff (2015) show that losers of a video game make more negative
and more sexist comments, Buser (forthcoming) shows that following a loss,
players set a higher performance target for themselves, while Johnson and
Salmon (2016) show that low ability subjects get discouraged from not being
promoted if promotion decisions are unrelated to ability. Cowley (2008)
analyzes internal justification decisions of winners and losers to replay a
game, finding no difference between winners and losers. Wadhwa and Kim
(2015) show that nearly winning a computer game increased participants’
motivation to expend effort on unrelated future tasks. We also look at the
consequences of winning or losing, with a special interest on the player’s
willingness to play the contest once more. This yields a simple measure for

the joy of winning and the frustration of losing at the same time.

One of the first papers to study emotions in the laboratory more gen-
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erally is by Mellers et al. (1997). They use self-reported emotional states
to point at the emotional aspect of decision making. Brandts et al. (2009)
study the impact of rivalrous situations on subjective well-being in gen-
eral and more specifically on happiness and joy (among other emotions).
They find that joy is positively correlated with success in a two-player so-
cial dilemma interaction. Adam and a number of coauthors (Adam et al.
2011a, 2011b) have measured emotions using physiological measures and
psychometric scales. Using skin conductance rates, Astor et al. (2013) and
Adam et al. (2015) find that depending on the specific type of auction, the
joy of winning can be smaller or larger than the frustration of losing. Using
functional Magnetic Resonance Imaging techniques, Dohmen et al. (2011b)
show that solving a task that a comparison subject has not solved posi-
tively affects reward-related brain areas. Haran and Ritov (2014) find that
the self-reported anticipated sadness of losing more strongly influences bids
in a first-price sealed-bid auction than the self-reported anticipated happi-
ness of winning does. Bosman et al. (2014) also use self-reported emotions
and find that winners of a random lottery experience more positive emo-
tions and positive surprise than losers, with positive consequences on option
price estimates. While it is informative to analyze the joy of winning under
all kinds of rivalrous conditions, auction and contest types, we choose the
Tullock lottery contest as our focus of interest, also following the literature
that begins with Sheremeta (2010b).

In the next Section we introduce the model framework, line out the
experimental design and explain our hypotheses. We analyze and discuss

the empirical data in Section [4.3|and provide concluding remarks in Section

4.4l

4.2 Framework

4.2.1 Theory background

There are two players A and B that fight for a prize of monetary value V'
in a Tullock lottery contest. In a first stage, both players simultaneously

choose effort x;, © = A, B, which influences their winning probability. The
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unit cost of effort is assumed to be constant and equal to one. Player i’s

probability of winning the prize is equal to

X .
i (xa,0) = ——, 1=A,B
p(A B) TA+ TR

if x4 + xp > 0 and equal to 1/2 otherwise. Player i’s expected payoff is
Em; (x;) = pi(xa,2p)V —x;, i=A,DB,

that is, i’s expected payoff is equal to his probability of winning multiplied

by the prize, minus the effort cost.

Player ¢« maximizes his expected payoff Er; and invests z} = % in equi-
librium. This yields an equilibrium expected payoft of B} = %. By con-
struction, there will be a winner and a loser in this contest. Realized ex post
payoffs are my = V' — xy for the winner and 7, = —x, for the loser, where

xw and xy, describe the effort exerted by the winner and loser, respectively.

Once the realized payoffs are known, players can bid b; € [V, V], i =
A, B, for a restart of the contest in a second stage. If the sum of these bids,
ba + bp, is positive, the game is restarted. A restart means that the payoff
from the former contest is cancelled and instead the payoff from the new
contest will be relevant for payment. Otherwise, if b4 + bp < 0, the payoff
from the former contest is relevant for payment and the players do not enter
into the second contest. In our setup, inspired by the Vickrey Clarke Groves
mechanism, only the pivotal player actually pays a bid to the laboratory
and the absolute value of this bid is determined by the second-highest bid.
The final payment II that players earn in the contest stage will thus be
either the payoff from the new contest minus a positive bid for a restart
(i.e. plus the negative bid of the other non-pivotal player) if the player was
pivotal in the decision for a restart (case 1 below). It can be the payoff from
the new contest (case 2 below) or the payoff from the old contest (case 3
below). Finally, it will be the payoff from the old contest minus a negative
bid for a restart (i.e. plus the positive bid of the other non-pivotal player)
if the player was pivotal in the decision against a restart (case 4 below).

Formally, final earnings II; will be
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Wi,new"i‘b—i lsz>0/\b_1<0/\bl+b_z>0
Tinew if (bi>O/\b_i>0)\/(bi<0/\b_i>0/\bi+b_i>0)

Ti,0ld if (bz>O/\b,l<0/\bl+b71<0>\/(bl<0/\b71<0>

( Tioa +b—i i <OAND_; >0ANb; +b_; <O

Given this setup, the players who value a restart positively (losers) have
no incentive to understate their willingness to pay, but may have an incen-
tive to overstate their willingness to pay The players who value a restart
negatively value (winners), on the other hand, might have an incentive to
understate their willingness to pay, but never have an incentive to overstate

their willingness to payﬁ

Here, we concentrate on the equilibrium in weakly dominant strategies
in which both players state their true willingness to pay. Thus, both players

bid their true value of a restart, i.e.

bi - Eﬂ-i,new — Ti,0ld- (41)

°As an illustration take a loser who has invested zz, = 150 in the first contest (cor-
responding to a payoff of 7, = —150), which he takes into account when deciding on
his bid, and expects Em e, = 125. His true value for a restart is thus b; = 275. If he
expects the other player to say b_; = —275, then stating b; = 276 instead of b; = 275
increases his expected earnings from —150 (payoff from the old contest) to 0 (payoff from
the new contest minus bid minus payoff from old contest, 125 — 275 4+ 150 = 0). That
is, losers may have an incentive to overstate. Stating b; = 274 does not change expected
earnings if the player expects the other player to say b_; = —275. If he expects the
other player to say b_; = —274, then stating b; = 274 decreases expected earnings from
1 (125 — 274 4 150) to —150. Stating b; = 276 does not change expected earnings if the
player expects the other player to say b_; = —274.

6As an illustration take a winner who has invested zy = 150 in the first contest
(corresponding to a payoff of my, = 350), which he takes into account when deciding on
his bid, and expects Empe, = 125. His true value for a restart is thus b; = —225. If he
expects the other player to say b_; = 225, then stating b; = —226 instead of b; = —225
increases expected earnings from 350 (payoff from the old contest) to 575 (payoff from
the old contest minus bid, 350 — (—225) = 575). That is, winners may have an incentive
to understate. Stating b; = —224 decreases expected earnings from 350 to —225 (payoff
from the new contest minus payoff from the old contest, 125 — 350 = —225).
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that is, players bid the expected payoff from the restarted contest, E7; neuw,
minus the payoff from the old contest that will be cancelled if the second
contest is played, m; ,jq. Therefore, in equilibrium we have by, = —% for the
winner and by, = % for the loser. Hence, the sum of both bids is zero in this

sharp equilibrium prediction and the contest is never restarted.

4.2.2 Experimental procedures

The experiment was programmed using z-Tree (Fischbacher 2007) and run
at the econlab laboratory in Munich, Germany. Subjects were recruited
from the student body of Munich universities using ORSEE (Greiner 2004).
We admitted 8 subjects to each session (104 participants in total), giving
us 26 independent observations (4 subjects per matchinggroup). Subjects
were on average 26 years old, a quarter of them studied an economics-related
subject and 53% were male.

At the beginning of each session, written instructions were distributed
and read out loud (see Appendix 4.B for a translation of the instructions).
To make sure that subjects understood the experiment, they had to com-
plete a quiz. This quiz included multiple-choice questions on the tasks
described in the instructions and the payoff consequences of different deci-
sions. When the experiment started, subjects had to count the number of
zeros in five rows of 15-digit number strings composed of "0"s and "1"s[]
Upon successful completion of a series of these (which was guaranteed by
immediate feedback and the chance to correct a mistake in case it occurred),
subjects received 750 tokens (which corresponded to 15 euros) for this task.
These tokens served as their endowment for the subsequent parts of the
experiment. This real effort task was implemented to avoid a house money
effect.

In order for subjects to get familiarized with the contest environment,
there were four rounds of the contest against a computer-animated player.
The rules of this first stage of the contest were as described above with

the prize value being equal to V' = 500 tokens. The subjects’ maximum

\%

effort choices were restricted to 2™ = %, which is twice the equilibrium

TA similar task of counting zeros has been used by Kleine et al. (2016), and we are
grateful for access to their experimental program.
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prediction and thus sufficiently far from a binding restrictionf] Both players
chose their effort as a non-negative integer. The computer’s effort choices
and their order were pre-selected by the experimenter and replicated typical
effort choices of human contestants in an experimental two-player Tullock
lottery contest, i.e. there was some over-spending (on average 25% higher
than the equilibrium prediction) and a tendency towards focal numbers
(going for multiples of 25). The resulting win probabilities were illustrated
in a circular area on the screen, with a pointer running clockwise deter-
mining the winner (compare the screenshot in Appendix . Once the
arrow had stopped, the subjects learned their payoft from this contest. The
rounds against the computer provided ample learning opportunities for the
subjects, with more than 90% of subjects experiencing both victory and
loss in these rounds, although these rounds were not paid out and therefore
involved no monetary consequences. Note that if the joy of winning is a
phenomenon that disappears with learning, these four first rounds make it

more difficult for us to find an effect.

Before the subjects entered into the contest against a human contestant,
they had to answer "how happy or satisfied they are at the moment" (that is
the translation of the exact wording in the experiment), on a scale from 0 to
10. For the contest, the subjects were randomly and anonymously matched
in groups of two, with everything else equal to the contest rounds against
the computer. Once subjects learned the outcome of the contest and the
round was finished, the next screen reminded players of their contest payoff
and of the fact whether they had won or lost. They were then again asked
about their current satisfaction/] By comparing this answer to the self-
reported level of satisfaction before the contest, we have a direct measure
for the effect of winning or losing.

Afterwards, a new part started whose details were only announced to the
subjects after they finished the first contest against a human contestant. In

this part, the subjects could place a (positive or negative) bid for eliminating

8 Admittedly, in the experiment about 15% of the observed effort choices are at this
limit. However, restricting effort choices was necessary to avoid possible overall losses by
subjects in the experiment.

9The screen said: "You have just (not) won the 500 tokens. Your payoff is xxx tokens.
How happy or satisfied are you at the moment?"
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the result from the first contest and playing another contest round. Apart
from the new matching, the setup of the restarted contest was exactly as
the former contest, also including the question on current satisfaction after
learning the outcome of the restarted contest. We did not want the subjects
to base their bidding decision on social preferences towards their specific co-
player in the former contest, therefore, two players were again matched at
random. Yet, we made sure to match a winner with a loser, although this
feature was unknown to the subjects. A bid for a restart had to be a positive
or negative integer between —V and V. If the sum of both players’ bids was
positive, a new contest was played. Otherwise, if the sum of both players’
bids was non-positive, the players moved directly on to the post-tests. In
any case, only the pivotal player needed to pay a bid (i.e. he was to receive
money if he placed a negative bid and was pivotal) and this was explained
to the subjects in great detail and with a number of examples[T"|

Subsequently, the subjects underwent a number of incentivized tests.
First, we elicited their preferences for playing a lottery (which was similar
to the contest, but subjects had to decide whether to invest a fixed amount
of tokens at a given win probability), then their distributional preferences
(subjects had to repeatedly make two-person allocation decisions, following
Bartling et al. 2009 and Balafoutas et al. 2012), effort in Sheremeta’s
(2010b) zero-prize contest (which is widely used as a measure for the joy of
winning) and their ambiguity aversion. Moreover, in the questionnaire the
subjects were asked about their risk aversion (see Dohmen et al. 2011a),
optimism, pessimism, loss aversion, experience in board games and other
competitions and a number of socioeconomic characteristics.

At the end of the experiment the subjects were paid separately and in
private. The conversion rate was 50 tokens = 1 euro. Each participant
received a show-up fee of 6 euros, the earnings (possibly negative) of the
first or second contest against another human player (including bidding)
and the payoff (also possibly negative) from one randomly selected post-
experimental task. On average, subjects earned 25 euros (excluding the

show-up fee), and a session took about one hour.

10See the survey by Chen and Ledyard (2008) on how well different mechanisms to
elicit the willingness to pay perform in the laboratory and Fukuda et al. (2013) for a
more recent experiment using the Vickrey Clarke Groves mechanism.
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4.2.3 Hypotheses

In equilibrium the expected contest payoff is En} = %. Rearranging the
value of a restart , we get BT new = b + T 014, 1.€. the expected payoff
from a new contest should be equal to the bid for playing this contest plus
the payoff from the old contest, where the latter two can both be observed in
the experiment. Taking the two expressions for the expected payoff together,
we have b; + 7 o1q — % = 0. If players value playing the contest a second
time higher than its monetary value, this expression will not be equal to
zero, in other words ET; ney # E7), but ET; pew = B + A;. Hence, the

difference A; (our measure of interest) is given by

A, =b; + T o1 — % (4.2)
Even if the players expect to enjoy a joy of winning with some probability
in the restarted contest, there should be no difference between winners and
losers. However, if the joy of winning (and equivalently, the frustration
of losing) persist for whatever reason even after the monetary payoff from
this contest is eliminated, then only winners include a joy of winning in
their expected payoff of a future contest and losers include a frustration
of losing in their expected payoff of a future contest['!] According to this
interpretation, we expect that the term A, is positive for winners of the first
contest and that A; is negative for losers of the first contest. Independent
of winning or losing, a possible (persistent) joy of playing the lottery would
increase A;. Hence, the number A; that we find is an upper bound for the
joy of winning and a lower bound for the frustration of losing. However,
such a joy of playing the lottery cannot explain a difference in the measure
A; between winners and losers.
Note that overbidding for playing again should not be confused with
overexpenditure in the contest. Taking overexpenditure into account, the
expected payoft from the restarted contest as well as the payoff from the

old contest will be lower['?] The latter is accounted for individually as this

1A similar prediction arises if there are biases in evaluating probabilities and winners
scale up their probability of winning and losers scale down their probability of winning.
12This also has consequences for the sum of both players’ bids. The sum of bids is
expected to be positive if there is overexpenditure in the first contest only and negative
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payoff is observed. The former cannot be observed directly, but it would
work against a joy of winning, with a lower expected payoff from a restarted

contest decreasing rather than increasing the bids for replay.

Let us now turn our attention to the non-incentivized measure. We
expect to see an increase in satisfaction after winning the contest and a
decrease in satisfaction after losing the contest. These measures can also be
used to test whether the magnitude of the effect on satisfaction is larger for

winners or for losers.

Alongside the basic hypotheses on overbidding and increased satisfac-
tion and the general measurement of the joy of winning, a special feature of
the design allows us to test another hypothesis. Winning probabilities were
illustrated by means of a fortune wheel with an arrow spinning clockwise
on the screen. Hence, we have (visually) bare winners and losers versus
sure winners and losers, depending on whether the arrow stopped close to
the frontier between both players’ winning regions or far away (compare
the screenshots in Appendix . We expect that the joy of winning
and the frustration of losing are intensified if the victory or the loss seemed
to be a tight one. This would be in line with results from Bossuyt et al.
(2014) from a slot-machine experiment. They find that proximity of a loss
increases a player’s tendency to repair the outcome by betting again, but
it has no influence on the degree of frustration[”| They could not manipu-
late the proximity of a win in their study nor was the outcome influenced
by the participants themselves. However, they also show that unexpected
losses lead to intensified feelings of disappointment and frustration and that
unexpectedness also increases a player’s tendency to bet money to play the
machine again. We also study whether the joy of winning is higher the lower
the actual win probability of this player. Although the theory predicts no
difference in these, Mellers et al. (1997), Bossuyt et al. (2014) and Kidd et

al. (2013) show that surprise enhances emotional reactions.

if overexpenditure is expected in the restarted contest only. The sum of bids will again
equal zero if overexpenditure is of the same extent in both contests and symmetric for
both players.

3Dillon and Tinsley (2008) show that participants in their study evaluate near-misses
similar to successes. If this also holds in our experiment, then close losses would be
evaluated more similar to victories and hence the frustration of losing would be smaller.
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Winner Loser p-value

Bid b, -50.6 55.7 0.002
(14.9) (11.0)

Bid difference A; 145.6 -190.1 0.002
(17.4) (12.4)

Change in satisfaction As; 1.25 -1.13 0.003
(0.17) (0.38)

Table 4.1: Bids, bid differences and change in satisfaction.

Note: Separately for winners and losers. Standard errors in parentheses, grouped
at the matching group level. P-values for testing whether differences between
winners and losers are zero.

4.3 Results

4.3.1 Non-parametric analysis

We begin the analysis by comparing the bids that winners and losers place
for playing the contest a second time. Irrespective of the expected payoff
from the new contest, winners give up a gain whilst losers forego a loss
when the payoff from the old contest is eliminated. Thus, if the players
in the experiment have a correct understanding of their incentives, bids
by winners should be lower than bids by losers. Table shows that on
average winners bid by, = —50.6 and losers bid b, = 55.7. (For comparison
purposes, average expected bids are Eby = —196.2 and Eb;, = 245.8.) As
predicted, there is a significant difference between the two groups (p-value
< 0.01, Mann Whitney U test at the matchinggroup level). The histogram
of the bids (in Appendix shows that bids of winners are left-skewed
and those of losers right-skewed. It also illustrates that more than 35 %
of the bids fall in the narrow range from -10 to 10. Despite the fact that
the sum of bids does not significantly differ from zero, 46 % of the subjects
moved on to a restart of the contest.

The focus of this chapter is to measure both, the joy of winning by the

extent that winners overbid, and the frustration of losing by the extent that
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losers underbid. Therefore, we will now compare the observed bids with

the theoretical prediction, taking into account individual payoffs from the
1%
40
difference of the observed bids to the expected value of a restart of the

first contest. Does the measure A; = b; + ;o104 — which measures the
contest, differ between winners and losers? Table presents evidence on
a clear and significant difference between the joy of winning Ay, = 145.6
and the frustration of losing A; = —190.1 (p-value < 0.01, tested at the
matchinggroup level). Winners’ bids are less negative than the predicted
negative bids and losers bid a lower positive value than the predicted pos-
itive bids. The differences are in line with our hypothesis that winning is
valued more highly than the prize itself and that losing comes with some
depression. The differences cannot be explained by strategic incentives of
the bidding mechanism, as winners may have an incentive to underbid, but
not to overbid, and losers may have an incentive to overbid, but not to
underbid, as explained above. Comparing the magnitude of both effects we
find that the frustration of losing is larger than the joy of winning (p-value
= 0.09) in line with findings from experiments on loss aversion according to
which a loss is more painful than an equivalent gain is pleasurable and the

general insight that bad is stronger than good (Baumeister et al. 2001)[]

Result 4.1 After winning a contest, players bid more than the expected
value of a restart for playing the contest again. After losing a contest,
players bid less than the expected value of a restart for playing the contest

again.

The scatterplot (in Appendix [4.A.3)) depicts the dispersion of bids across
the bid-effort-space. We find a clear dichotomy between winners and losers.
There is only a very low number of subjects who underbid upon winning
and overbid upon losing (5 subjects in total). The incentivized measure
suggests that the joy of winning as well as the frustration of losing exist

and that they vary across subjects and across effort levels]”|

4Note that the difference cannot be explained by a joy of playing the lottery because
such a joy increases both numbers.

15One way to understand the heterogeneity is to look at correlation coefficients between
bid differences and individual-specific characteristics. Most of the characteristics we
observe are not robustly correlated with the joy of winning measure. However, we find
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Now let us consider the satisfaction measure for the joy of winning. As
a first plausibility check of the data, we compare the satisfaction of winners
and losers after the first real contest. We find that on a scale from 0 to 10,
winners on average report a level of sy = 7.85 and losers on average report
a level of s;, = 5.23, which is significantly lower (p-value < 0.01, tested
at the matchinggroup level). In principle, being inclined to be a winner
and being in a generally happier mood could be systematically correlated.
Thus, a cleaner test for the effect of winning or losing on satisfaction can
be obtained by looking at the change in satisfaction that is induced by the
contest. Table shows that the affective reaction, i.e. the change in
satisfaction As;, is positive for winners and negative for losers, reinforcing
the result on the incentivized measure for the joy of winning. The magnitude
of the difference in satisfaction is basically the same for winners and losers
(p-value = 0.94).

Result 4.2 The self-reported satisfaction of players who won a contest sig-
nificantly increases, whereas the self-reported satisfaction of players who lost

a contest significantly decreases.

Remember that we also asked the subjects who replayed the contest
for their current satisfaction after playing the second contest. Here, the
reactions to winning or losing are even more pronounced with the change
induced by winning the second contest being equal to Assy = 1.41 and the
change induced by losing the second contest being equal to As, ;, = —2.85.
Table includes an analysis on a more detailed level, separating these
effects according to whether the player had been a winner or a loser in the
former contest, i.e. whether the player’s eliminated payoff was positive or
negative. As before, the change in satisfaction is more positive if players
end up being a winner in the new contest (for both rows, p-value = 0.07
for testing column differences). The affective reaction depends very much
on the outcome of the former contest of which the payoff is eliminated:
Independent of being a winner or a loser now, the change in satisfaction is
more positive if the player had been a loser in the former contest (for both

columns, p-value = 0.07 for testing row differences).

that envious subjects (deduced from two-person allocation decisions) have a significantly
higher joy of winning or frustration of losing.
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Restarted contest outcome:

Change in satisfaction Aso; Winner Loser
Winner in former contest 0.42 -5.11
(0.40) (1.15)
Loser in former contest 3.61 -0.61
(1.13) (0.53)

Table 4.2: Average change in satisfaction induced by the restarted contest.

Note: Separated for winners and losers of the first and second contest. Standard
errors in parentheses, grouped at the matching group level.

Comparing all four cases, we observe an intuitive ordering. Playing the
second contest yields the largest increase in happiness for players who have
lost before and win now (Asy i = 3.61), the reaction for players who win
twice (Asyww = 0.42) is somewhat smaller, the reaction for players who
lose twice is negative and small (Asg ;, = —0.61, which is not significantly
different from the effect of winning two times in a row) and the happiness
of players who have won before and lose now strongly decreases (Asg =
—5.11, which is more than half the available scale).

In line with our prediction, the satisfaction of winners increases and the
satisfaction of losers decreases. Now let us check whether the intuition that
the effects are larger if the outcome is a visually tight one holds true. In fig-
ure we have separated the observations according to tight victories and
losses on the one hand and sure victories and losses on the other hand. We
classify an outcome as tight if the arrow on the fortune wheel determining
the winner stopped within 18 degrees (i.e. 5% of the complete circle) to-
wards the next border, and as a sure outcome if the arrow stopped further

away from the next border[f] The left panel depicts the bid differences,

6We get qualitatively the same results if the border is set to 20% (72 degrees) or at
the median of the observations, except for the fact that in the latter case, the satisfaction
increase for winners for which the arrow stopped closer to the border (1.1) is not larger

than the satisfaction increase for winners for which the arrow stopped further away from
the border (1.4).
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a) Bid difference A b) Change in satisfaction As

Winner Loser Winner Loser
169.1 *xk | -223.1 1.72 *oxx | -1.64
TiGHT (26.96) T (27.60) TiGHT (0.65) (0.50)
139.3 Mk | -181.3 1.12 M | -1.00
SURE (20.00) (17.06) SURE (0.29) | (0.46)

Figure 4.1: Bid difference (in panel a) and change in satisfaction (in panel
b) for winners and losers, separated for tight victories (and losses) and sure
victories (and losses).

Note: Standard errors in parentheses. 22 outcomes are classified as tight and 82
as sure.

which are positive for winners and negative for losers. Interestingly, the
absolute value of this measure for the joy of winning and the frustration of
losing is larger for tight outcomes (upper row) than for sure outcomes (lower
row). The right panel depicts the change in satisfaction that is induced by
the contest. Winner’s satisfaction increases, while loser’s satisfaction de-
creases, and in line with our intuition, the size of both of these effects is
stronger for narrow outcomes than for what seemed to be sure outcomes.
Our prediction that visually tight outcomes lead to stronger reactions is
qualitatively confirmed for both joy of winning measures (bid difference
and satisfaction), yet we can only find statistical support for this statement
for the case of testing bid differences (p-value = 0.08, Mann Whitney U tests
at the individual level on absolute values of bid differences, for winners and

losers jointly).

Result 4.3 If the arrow on the fortune wheel stops in close proximity to the
border between both players’ winning regions, differences of observed bids to
predicted bids are significantly higher and changes in satisfaction are higher

than in the case in which the arrow stops far away from such a border.

Similar to the enhanced reaction when the arrow stops near the border

between both winning regions, we expect that over- and underbidding as

157



a) Bid difference A b) Change in satisfaction As

Winner Loser Winner Loser
191.8 -288.4 1.25 )| -1.60
UNEXPECTED | " (4315 | UNEXPECTED | o0 1 o)
126.2 -119.8 0.95 | -0.69
EXPECTED | o> (76 | EXPECTED | =0 | os8)

Figure 4.2: Bid difference (in panel a) and change in satisfaction (in panel
b) for winners and losers, separated for unexpected victories (and losses)
and expected victories (and losses).

Note: Standard errors in parentheses. 24 gains are classified as unexpected (with
the rest of 28 gains as expected) and 20 losses are classified as unexpected (with
the rest of 32 as expected).

well as changes in satisfaction are magnified when the outcome comes as
a surprise. Therefore, figure analyzes a specific subset of players for
which winning (or losing) either comes as a surprise or is taken for granted,
after both players have chosen their efforts and the winning probabilities
are revealed. We assume that subjects whose winning probability is smaller
than one third expect to lose and that for these subjects winning comes as a
surprise. On the other hand, subjects with a winning probability larger than
two thirds expect to win and for these subjects losing comes as a surpriseﬂ
The left panel of figure depicts over- and underbidding for playing the
contest again. We find that the magnitude of the joy of winning and of the
frustration of losing is larger when winning or losing comes as a surprise,
with the difference for losers being highly statistically significant (p-value
< 0.01, Mann Whitney U test at the individual level). The right panel
shows that unexpected winning or losing also leads to a stronger reaction
in self-reported satisfaction, although the difference is only significant for

losers (p-value = 0.06, tested at the individual level). As expected, the joy

1"We get qualitatively the same results if we are working with more extreme probability
values, but then the number of observations for the unexpected case drops further.
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Correlation coefficient A, As; x? Tiold
Bid difference A, 1.000
Change in satisfaction As; 0.42 1.000
(0.00)
Effort in zero prize contest x? 0.05 0.01 1.000
0.61)  (0.90)
Effort in former contest x; g 0.06 0.03 0.28 1.000

(0.51) (0.75) (0.00)

Table 4.3: Correlation between joy measures and effort.

Note: Spearman correlation coefficients between both joy of winning measures,
effort in a zero prize contest and effort in the old contest. P-values in
parentheses.

of winning is higher the lower the actual win probability of this player.

The different dimensions of the joy of winning might alternatively be
investigated by a treatment variation with asymmetric players who differ in
terms of their marginal costs of effort. Then, the favorite’s win probability
is higher ex ante and we might expect that ceteris paribus the favorite has
a higher frustration from losing than the underdog and the underdog has
a higher joy of winning than the favorite. However, we look at the most
simple case of players with symmetric cost of effort whose role as favorite
or underdog is only determined by their own effort choices.

We have two measures for the joy of winning, the bid difference and
the change in self-reported satisfaction. Table shows the Spearman cor-
relation coefficient and the corresponding p-value between both measures.
We see that bid differences are significantly positively correlated with the
change in satisfaction[F] Of course, we are also interested in the relation
between our measure and the measure that has been used by other stud-
ies: effort in a zero-prize contest. The third row of table shows that

there is practically zero correlation between this measure and either of our

18 However, if concentrating on the subset of winners or losers, we observe both mea-
sures to be significantly correlated only in the case of losers.
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Effort exerted in the contest

o
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168.9
157.6
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=9 139.4
o
o
—
o |
0
o -

I i the old contest in the old contest of those who proceed

I i the new contest in the old contest of those who do not proceed

Figure 4.3: Average effort choices in the contest.

measures. Yet, as hypothesized in the introduction, the effort in this zero-
prize contest is significantly positively correlated with the effort in the first
contest against a human contestant (see the fourth row)['] This speaks
for the conjecture that (some) players just type in the same effort in both,
zero-prize contests and valuable-prize contests. Interestingly, our joy of win-
ning measures are uncorrelated with the average effort chosen in the former
contest. Separating the data according to winner status, we find that the
frustration of losing increases with effort in the former contest. In the next
paragraph, we want to further investigate these effort choices.

Figure[4.3|shows the average effort of players in the first contest against a
human contestant (first bar from the left) and in the second contest against
a human contestant if there was a restart (second bar from the left). We
find that effort in the restarted contest is significantly higher (p-value <
0.01, Wilcoxon signed rank test at the matchinggroup level).

Result 4.4 Average effort in the restarted contest is significantly higher

than in the original contest.

9Tn fact, we obtain a significantly positive correlation between effort in any contest of
value V=500 and effort in a contest of value V=0.
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The increase could be driven by two different effectsf’] Either it is due
to selection which happens if a specific subset of people who tend to exert
a lot of effort enters the second contest more often (because they bid more
for replaying the contest). Or the effort increase is a strategic reaction,
because players know that they are fighting against a specific subset of
people (strategic) or because they have consciously chosen to replay the
contest and are now very keen on winning (self-commitment). If the first
(selection) effect is true, first contest effort by the players who proceed to
play the second contest should be higher than first contest effort by the
players who do not proceed to play the second contest. The two bars on the
right side of figure 4.3| show that effort by players who continue is higher on
average, but the difference between both types of players is only marginally
statistically significant (p-value = 0.11). What about the second (strategic)
effect? Does the effort level of those players who play both contests differ
between the first and second contest? Concentrating on the second and
third bar in the center of the figure, we see that effort for this subset of
players is higher in the second contest and we find this difference to be
statistically significant (p-value = 0.03)@ Hence, we cannot firmly reject
neither of the proposed explanations: The higher effort in the second contest

can be explained by both, selection and strategic or commitment effects.

4.3.2 Regression analysis

To further test our predictions we proceed with a multivariate analysis. Ta-
ble presents the results of three sets of regressions?| In all estimations
we control for whether each player was a winner in the previous contest.

Moreover, we include socioeconomic information from the post-experimental

20 Also see Herbst (2016a) for a more formal argument why we expect to see higher
effort in the second contest.

21 This result is also in line with a finding by Bradler et al. (2016) according to which
recognition increases subsequent performance by the best performers. In our experiment,
those subjects with the highest joy of winning are the "best performers" in the first
contest, and the opportunity to play it again is some kind of recognition to which they
react by increasing their effort levels.

22Table in Appendix repeats estimations (1) to (4) using the full sample
as we exclude three outliers in the first four estimations of table [£4l The fit of these
regressions deteriorates, but we still find that being a winner has a lot of explanatory
power.
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questionnaire and a number of individual-specific control variables gener-
ated in post-experimental tests. All regressions include "effort if V=0"
which is the effort exerted in a zero-prize contest, “risk general,” which
is a self-reported measure for the willingness to take risk on an increasing
scale from 0 to 10 and “risk lottery,” which measures the number of in-
vestments in lotteries with different win probabilities (on a scale from 0 to
5). We control for efficiency-searching behavior in individual two-person
allocation decisions, for loss aversion, ambiguity aversion, optimism, and
pessimism. As socioeconomic variables we further include age, gender, field
of study, semester, number of siblings, and the willingness to compete in
daily life (deduced from their self-reported participation in a) lotteries, in
b) card games and board games, and in ¢) sports contests or other types of
contests).

The dependent variable in columns (1) and (2) is the bid b; that players
place for a restart. In line with the non-parametric tests we find that winners

" also controls for

place a lower bid than losers. In column (2), "effort z;'
the effort expended in the contest?] We find that keeping the effort level
constant, the influence of being a winner continues to be negative. We
find that bids only increase by 0.3 points for every unit of effort exerted,
although they should increase by 1 point (as independent of being a winner
or a loser, the cost of effort in the former contest is completely reimbursed
if a restart takes place).

The dependent variable in columns (3) and (4) is our first measure for
the joy of winning. Hence, the left-hand side variable in these estimations is
overbidding A; = b;+; o1a — %. We find that overbidding is much higher for
winners than for losers, in line with result[4.1] In column (4), controlling for
the effort expended we find the mirror image of column (2): As the observed
bids underreact to effort, our overbidding measure is lower the higher effort
is. Moreover, in all four regressions we find that bids or bid differences
increase with “risk lottery”. This measures the number of times a player

invests in lotteries with different exogenous win probabilities

23Effort is closely related to payoff, but we cannot keep payoff constant when changing
a subject’s status from loser to winner, therefore we decided to include effort.
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(1) (2) (3) (4) (5) (6)
D bl bid for restart overbidding change in satisfaction
ep. variable b, A, As,
constant 91.6 53.8 -164.8%*  -71.1 0.55 1.71
(66.25) (70.76) (78.18)  (70.76) (1.62)  (1.60)
winner S113.7%F%*%  _131.1%%* 325.9%**  368.9%** 2.33%** Q9 gYFHk
(15.97) (16.77) (18.62)  (16.78) (0.47)  (0.55)
effort x; 0.29%* -0.71%** -0.01%*
(0.12) (0.12) (0.003)
effort if V=0 0.01 -0.03 -0.13 -.0.03 -0.001 0.000
(0.13) (0.12) (0.13) (0.12) (0.004)  (0.004)
risk _general -3.94 -5.83 -10.5** -5.83 0.08 0.14
(5.18) (4.85) (4.78) (4.85) (0.15)  (0.15)
risk _lottery 27.1%%* 28.9%** 33.5%%k 28 gFk* -0.13 -0.16
(8.09) (8.42) (11.38)  (8.42) (0.32)  (0.33)
Socioeconomics yes yes yes yes yes yes
Obs 101 101 101 101 104 104
R2 0.469 0.502 0.832 0.880 0.288 0.322

Table 4.4: Estimation results.

Note: Standard errors in parentheses, clustered at the individual level.

Esti-

mations (1) to (4) exclude three outliers who indicated in the post-experimental

questionnaire that they had severe difficulties in understanding the bidding mech-

anism.
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in the post-test, and thus measures some kind of risk loving together
with being a control for the joy of playing a lottery. None of the other
individual-specific characteristics that we obtained from our various post-
tests and the questionnaire has explanatory power for any of our joy of
winning measures. This also implies that loss aversion - which is one of the
proposed explanations for overexpenditure in contests - cannot explain the
results on bid differences for winners and losers in our framework.

In columns (5) and (6) the dependent variable is our second measure
for the joy of winning, i.e. the change in self-reported satisfaction that is
induced by playing the first contest against a human contestant. We find
that the change in satisfaction is significantly more positive for winners than
for losers, in line with result [4.2 Standard theory predicts that the ones
with the highest payoff (winners) should exhibit the highest satisfaction.
Therefore, as controlling for payoff directly would already pick up whether
someone is a winner or a loser, we control for individual effort in column (6).
With every unit of effort expended (controlling for being a winner or loser),
the increase in satisfaction is 0.01 units smaller, i.e. player’s satisfaction also
depends on monetary outcomes. We do not think that monetary payoff is
the only explanatory variable for satisfaction differences. Before, we have
seen that the reactions to winning or losing are stronger in the restarted
contest, although the monetary consequences are almost the same. Yet, if
we wanted to change the status of a winner (to a loser) while keeping the
payoff constant, we would need to run a further treatment in which losers
earn 500 tokens and winners earn, e.g. 1000 tokens. Using this setup, we
could check whether the satisfaction increase from gaining 500 — x tokens

differs between winners and losers.

4.3.3 Discussion

We have presented evidence that winning in an experimental contest has
additional consequences on top of the allocative ones: Winners are more
satisfied than losers and when asked how much they are willing to pay in
order to play again, they bid more than a theory model without such non-
monetary utility effects would predict. In this section we want to shortly

present other explanations that might exist for our observations.
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The hot hand bias, a phenomenon first discussed by Gilovich et al.
(1985) P¥ suggests that winners believe to win with a higher likelihood when
playing again. Therefore, they would overbid and losers would underbid.
The gambler’s fallacy, according to which random sequences exhibit system-
atic reversals, suggests that winning players believe to lose the next time.
Therefore, they would underbid and losers overbid. Our data are more in
line with the hot hand bias. Usually, this behavioral bias is applied to sto-
chastic events, whereas in our case the players can influence their winning
probability by choosing their effort levels and randomness is therefore re-
duced. Yet, as discussed above, we cannot determine whether differences in
the expected payoff of a new contest come from different subjective valua-

tions of the prize or different subjective probability evaluations.

Another caveat is that bids for a restart by both winners and losers
exhibit some tendency towards zero. Thus, the results we obtain on the
differences in bids (compared to the expected value of a restart) could at
least also partly be explained "by construction". However, our data on the
satisfaction measure for the joy of winning and the frustration of losing
should be unaffected by any of the above mentioned biases (the hot hand,
gambler’s fallacy, and reversion to zero). Satisfaction differences confirm our
results for the incentivized measure, but they can be explained by monetary

considerations.

A further line of argument includes relative standing or status consider-
ations, that is, players are better off in terms of utility when they are ahead
of the other player. However, note that winning players in our experiment
would then have no incentive to overbid for playing the contest again, as
there is some probability of giving up the pole position in the next contest.
In even starker contrast stands the behavior of losing players who should
bid a lot for their chance of obtaining the pole position in the next contest
if they are driven by relative standing considerations, but this is not what

we observe.

An interesting treatment variation would be to analyze a proportional

prize contest instead of a winner-takes-all contest. This alternative rule has

24See also Croson and Sundali (2005) who present evidence for a small bias in this
direction and Rabin and Vayanos (2010) for a modeling approach.
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also received attention in the literature. In such a contest, one pays out
shares of the prize according to players’ win probabilities. By paying out
shares, expected payoffs stay the same, but realized payoffs change. In such
an environment, we expect to see less of a joy of a winning or a frustration of
losing if players always receive that part of the prize that they have a claim
on by their winning probability?’] Another treatment variation where we
predict a null-result concerns the finding on visually tight outcomes. Here,
an interesting placebo test would be to eliminate the arrow on the fortune
wheel. Then, players do not take one outcome as tight and another one as
sure anymore. On the other hand, we would expect all of our results to be
stronger if winning is recognized even further by either giving out a nice

certificate or publicly announcing victory.

4.4 Conclusion

Among the established results of human behavior in experimental lottery
contests is the fact that players typically overexert effort and that effort
levels are very heterogeneous across individuals. A common explanation
is that there are heterogeneous perceptions of the prize value because for
some players winning in itself is worth a lot, while others only care about the
monetary value of the prize. With our experiment we aimed at providing
evidence for the existence of such an individual-specific joy of winning in
experimental contests. We do so by letting players bid for a restart of the
contest, which eliminates the monetary payoffs from the former contest. We
think that this chapter should be good news for all experimental economists
and psychologists who work on contests and who claim that the joy of
winning and its counterpart, the frustration of losing, can explain part of
their data.

We find that players who have just won a contest bid much more than
the monetary value of a restart for playing the contest again. Furthermore,

players who have just lost a contest bid much less than the monetary value

25 A similar prediction arises if we were to use a combination of an egalitarian sharing
rule with a usual Tullock lottery contest. With this rule (see Nitzan 1991) player’s own
influence on winning is weakened and this might have an effect on the joy of winning and
the frustration of losing.
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of a restart for playing the contest again. We interpret this as evidence for
the joy of winning and the frustration of losing. A second, non-incentivized
measure confirms our findings: Self-reported emotional states on happiness
or satisfaction increase for winners, but decrease for losers.

Effort in a zero-prize contest, a value that has been used to measure
the joy of winning in the literature, is not correlated with our incentivized
measure nor with our non-incentivized measure. Thus, this measure should
be interpreted with caution. We have investigated differences in both of our
measures a bit further and find that the effects are larger if the outcome
comes unexpected and if it is illustrated as a tight outcome.

On average, effort in the restarted contest is higher than in the original
contest. This is due to selection of high effort types, but also because these
types increase their effort level even further after selecting into the contest
a second time. The higher effort level also has implications for overall
efficiency of the contest. Because of the higher level of effort expended,
players who select into the restarted contest are on average worse off (in
terms of payoff). They might be happy about winning the contest for the

first time, but the happiness does not translate into their pockets.
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4.A Appendix

4.A.1 Fortune wheel

Figure 4A.1: Screenshots of fortune wheels.

Note: Depicted are two fortune wheels. The red part illustrates the winning
probability of player A and the blue part illustrates the winning probability
of player B. The arrow starts at the top, moves around and stops randomly.
In both illustrations, player B wins. On the left hand side, the outcome
seems to be a sure one as the arrow stops far away from a border, whereas
on the right hand side, the outcome seems to be a tight one as the arrow
stops close to a border.
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4.A.2 Distribution of bids
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Figure 4A.2: Histogram of the bids for a restart, separated for winners and
losers.
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4.A.3 Distribution of overbidding

Observed bid minus expected bid

*
o
o -
wn
g 3
] ® 0 .
[a}
8 * ‘ "’§’z"" ”’
g A ° * $
go-, .
5 A A A PR 4 *
° Anp A : R A A A A A
@ 4 N ‘ A A A
Y "
S
o
o 4
Te}
' T T T T T T
0 50 100 150 200 250
effort in the former contest
‘0 winners A Iosers‘
Figure 4A.3: Bid differences for winners and losers.
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4.A.4 Robustness of regressions

(1) (2) (3) (4)
. bid for restart overbidding
Dep. variable
b; A;
constant 67.8 62.2 -196.3**  -62.8
(84.77) (89.15) (98.66)  (89.15)
winner -104.8%%*  _107.1%+* 337.0%F*F  392.9%H*
(23.12) (27.06) (27.38)  (27.06)
effort z; 0.04 -0.96***
(0.18) (0.18)
effort if V=10 0.12 -0.12 0.001 .0.12
(0.15) (0.16) (0.16) (0.16)
risk _general -5.83 -6.12 -13.0%%  -6.12
(6.78) (6.71) (7.04) (6.71)
risk lottery 1.89 2.01 5.01 2.01
(21.00) (21.53) (25.60)  (21.53)
Socioeconomics yes yes yes yes
Obs 104 104 104 104
R? 0.303 0.303 0.717 0.793

Table 4A.1: Estimation results.

Note: Standard errors in parentheses, clustered at the individual level.
The table reproduces estimations (1) to (4) of table including all
observations.
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4.B Experimental instructions

This section contains a translation of the instructions handed out at the

beginning of the experiment.

Welcome to this experiment! Please read the following instructions carefully
and entirely. A precise understanding of the instructions can help you to gain
more money.

Occasionally you might need to wait for the progress of the experiment. We
kindly ask you not to eat, read or use your mobile phone during the experiment.
Anything that distracts your attention from the experiment is prohibited. Please
note that you are by no means allowed to communicate with other participants.
If you violate any of these rules, you will be immediately excluded from the
experiment without receiving any payment. If you have any questions please
raise your hand. We will be happy to help you.

The experiment consists of several consecutive parts. Your decisions in one
part do not impact any other part. In each part you can earn tokens with 50

tokens being equal one euro.
Part 1

What is it about? Your task is to count the digit zero in a numerical
sequence. If your input is incorrect, you can enter your answer again. As soon as
you have entered the correct number of zeros, new numerical sequences will be

generated.

How many rounds are there? This task will be repeated 15 times. Thus,

you have to answer 15 numerical sequences correctly.

What do I earn in part 17  In this part you earn 750 tokens, independent
of the number of tries you need. Your earnings serve as your endowment for part

2.

Part 2
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What is it about? After having successfully completed part 1, part 2
will start. In each round of the second part, two participants choose their “in-
vestment” simultaneously and independently. The two participants’ investments
influence their probability to receive 500 tokens for themselves in part 2. Every
participant can choose any amount between 0 and 250 tokens as investment. The

amount entered has to be paid to the laboratory.

How does one round proceed? After both participants have chosen
their investment, they will see both investments on the screen. The investments
affect which of the two participants will receive the 500 tokens. One participant’s
probability of success, i.e. the probability that this participant receives the 500
tokens, corresponds to the proportion in his invested tokens on the total amount

of tokens invested by him and the other participant. The following applies:

own investment
own investment + the other participant’s investment "

Success probability=

Therefore, the participant who invests more will not automatically receive
the 500 tokens. The more tokens a participant invests, however, the more likely
he will receive the 500 tokens. Obviously, he then has to pay more tokens to
the laboratory. If in one round both participants decide to invest 0 tokens, the
probability of success for both participants will be 50%.

The probabilities of success will be shown on the screen as a pie chart, which
is divided into two colors. The division arises proportionally out of the two
participants’ invested tokens. A pointer will rotate slowly on the circular area
and randomly stop at one point of the circle. The greater one participant’s
probability of success, the bigger is his area within the circle and the more likely
the pointer will stop in his area. Hence, depending on the area in which the

pointer stops, participant 1 or 2 will receive the 500 tokens.

How many rounds are there? The procedure described above under
part 2 will be repeated several times. During rounds 1-4, the investment of your
co-player will be generated automatically by the computer. This investment of
the co-player corresponds to the typical behavior of other participants in the
past. The first four rounds will not be paid out. They will help you, however,
to gather some experience within the decision-making situation in part 2. After

that you will play against another participant of this experiment. For that, the
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computer will randomly form groups of two. You will not know who your paired

participant is.

What do I earn in part 27  Only one round will be paid out in part 2.
With your decisions you affect which round will be paid. If you win in the round
that is relevant for your payment, you will gain 500 tokens minus your investment
in tokens. If instead your player wins, you will have to pay your investment and
you will not receive any further payment. That means that you have to pay your

investment regardless of receiving the 500 tokens or not.

Part 3 Information about part 3 will appear on the screen at the appropriate
time. In this part, all of the participants run through the same 11 scenarios, from

which one relevant for payment.

Summary At the end of today’s experiment, your revenues from all parts of
the experiment are added up and converted into euros. In addition, you will
receive a show-up fee of 6 euros. In any case the total amount of euros will be

positive. You will receive your money in cash from the laboratory.

What else should I consider?  Before the experiment starts, questions
about the process of the experiment are going to appear on the screen. These
questions clarify the rules of the experiment by means of examples. Furthermore,
we will ask you for some more information during the experiment as well as
afterwards; of course all your information is used anonymously. If there is a
health-related or technical emergency during the experiment, please press the F1
button.

Thank you for coming. Good luck for the experiment!
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Chapter 5

On the self-selection of happy

winners

5.1 Introduction

Situations that can be modelled as a contest are ubiquitous in the real
world. The contest framework can be used to describe settings as diverse as
military battles, sports competitions, innovation races in research and de-
velopment, or promotions in the workplace. The analysis of lottery contests
in the laboratory and of human decision behavior in these situations has
shown that contest participants typically exert too much effort as opposed
to the Nash equilibrium. One of the explanations for this phenomenon is
the joy of winning: Players overbid because the winner does not only receive
the monetary value of the prize, but also some non-monetary component
stemming from the fact that he leaves the battlefield as the winner. In
the economics literature, the existence of a joy of winning is increasingly
accepted[] Studying the joy of winning is also interesting because it could
be a possible rationalization of irrational behavior such as gambling ad-
dictions. In this chapter, we introduce the joy of winning into a contest
model and analyze its implications for selection and effort. The research

questions we address are the following: If a contest designer is interested

Tt has also entered other sciences, e.g. according to a recent study in media studies
by Albardn-Torres (2016), the joy of winning is one of the benefits that keeps users of
mobile gaming apps playing.
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in maximizing the average effort in the contest, should he allow the players
to choose between terminating or restarting the contest? What does the
joy of winning imply for the self-selection of players into the restarted con-
test? Furthermore, what is the effect of the choice to opt for a restart on

aggregate effort?

The contest designer typically faces few restrictions when deciding on
the rules of the game. Sometimes, the designer even changes the rules
unexpectedly after the start of the contest. For example, he can decide to
increase the prize money in the course of the contest, in order to increase
the effort exerted by the contestants, as happened with the strong tether
challenge (a component for a space elevator). However, this inducement
prize contest was closed in 2011 without declaring a winner| Similarly,
the organizers of the Qualcomm Tricorder XPRIZE (aiming at developing
a new instrument for health diagnosis) decided to extend the contest only
after picking the finalists, adding a new consumer testing phase. This gives
finalists time to refine their instruments, but also means that they have
to compete against the other participating teams once moreE] Whereas
the Qualcomm Tricorder XPRIZE does not allow for new entrants at the
current requalifying round, in the longitude prize (whose aim is to develop a
quick, simple, exact and cheap test for bacterial infection), contestants can
(re-)enter at any time until the committee (the contest designer) agrees that
one team has fully met the requirements and is awarded the prize. Thus,

the possibility to re-enter a contest is not uncommon.

Restarts of a contest also occur in sports tournaments. There are a
couple of examples of revenge matches between boxers or wrestlers or of
rematches between chess playersE] For these, the contestants themselves
mostly decide about going for a restart or not. Therefore, they might already
have the possibility of a restart in mind when deciding on their effort in
the first match. At other times, contestants do not expect a restart when

they fight the original contest. A famous example in football history is

2See http://www.spaceward.org/games-st and https://herox.com/news/150-the-
nasa-centennial-challenge-program.

3See http://tricorder.xprize.org/about/schedule.

4Indeed, there is a lively discussion on the advantages and disadvantages and the right
way of offering or declining rematches on the forum of www.chess.com.
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from November 1904 when Everton travelled to play against Arsenal. With
Everton leading 3-1 in the 75th minute, heavy fog forced play to stop. A
full replay was scheduled, and in April 1905 Everton lost the match 2-
1. Also today, weather phenomena such as heavy rain can lead to the
abandonment of a match and uncertainty about whether there is a restart.
Sometimes, an abandoned game is not replayed at all (as in the case of
Brisbane vs. Wellington in March 2015 other times, the full game is
replayed (as in the case of Nice vs. Nantes in October 2015)@. It is up
to the league officials (who design the contest) to decide on whether there
is a replay in such a situation. There are also rare occurrences which are
more unexpected than rain. For example, a deep hole on the pitch made
it impossible to finish a rugby match between Bristol and Aberavon in the
British & Irish Cup in October 2013[] Mistakes by the referee or attacks
against the referee also have made it necessary to replay full matches or part
of the matches ] A peculiar case was the match of Osnabrueck vs. Leipzig in
August 2015 in the German football cup. The match was abandoned when
an Osnabrueck fan threw a lighter at the referee in the second half with
Osnabrueck (the underdog) leading 1-0. Although Leipzig offered to have
a replay and published an official statement, thereby expending effort to
bias the decision in favour of a restart, the football court decided to declare
Leipzig the winner in this game without a replay/’]

This type of discretion by the contest designer in deciding about the
setup of the contest was also made use of in the laboratory experiment of
chapter 4 in which we measure the individual-specific joy of winning and
frustration of losing. In the experiment, subjects play a contest once, learn

the outcome, and afterwards are told that they can place a bid to play

’See  http://www.theroar.com.au/2015/03/23 /roar-fury-shows-ffa-need-to-look-at-
abandoned-match-policy.

6See http://www.liguel.com/liguel /article/nice-versus-nantes-rained-off.htm#.

"See http://www.bbc.com /sport /rugby-union/24673049.

8This happened to Uzbekistan vs. Bahrain in 2005, and to the
female U19 competition between England and Norway in 2015, see
https://www.theguardian.com/football /2015 /apr/09/england-women-ul9-replay-
norway-referee-penalty-howler.

9See http://www.zdfsport.de/kein-wiederholungsspiel-das-sportgericht-
des-deutschen-fussball-bundes-hat-die-abgebrochene-erstrundenpartie-im-dfb-
pokal-zwischen-dem-vfl-osnabrueck-und-rb-leipzig-mit-20-fuer-leipzig-gewertet.-
39709014.html.
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the contest again or they will receive the payoff from the first contest. If
the contest is restarted, the payoff from the first contest is not paid out,
but instead the payoff is determined by the decisions concerning the second
contest. The larger the bid that players place, the more likely they are to
replay the contest. In the experiment we find that effort levels are higher

in the second, restarted contest.

A possible behavioral explanation for the increase in effort could be
the following: The players have consciously chosen to replay the contest
and are now very keen on winning. This type of self-commitment leads
them to increase their effort level. Having said that, there could also be
another explanation that does not rely on behavioral reasoning and just
makes use of the different subjective prize values due to differences in the
joy of winning: Selection into the contest along the joy of winning. The
intuition is that players with a high joy of winning select themselves into
the restarted contest and those who care less about winning are less likely
to end up in the restarted contest. Selection entails a number of effects: If
the players with a high joy of winning also expend more effort, selection of
these players into the contest leads to an increase in effort. Moreover, as
the composition in the restarted contest is also more homogeneous (because
when the distribution of players moves away from an equal distribution,
there are always going to be more pairs with homogeneous contestants),
there is a further positive effect on expected effort. However, there is also a
confounding effect: Joyful players exert more effort and are therefore more
likely to win the first contest. Hence, they might on average be less willing
to go for a second round than the players without a joy of winning who are
more likely to lose in the first contest and might therefore be more willing
to go for a second round. This paper analyzes the countervailing effects
and checks whether the effort increase observed in the experiment can be

explained by selection.

Our analysis shows that a contest designer can benefit from allowing for
a restart of the contest. In a model with two types, one type who cares
only about the monetary value of the prize and the other type who might
experience the joy of winning, effort levels are higher for joyful players.

Joyful players care about winning in every separate contest, not just in the
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final payoff-relevant one. Moreover, we assume that there is asymmetric
awareness between contestants and the contest designer about the stages.
Despite the fact that the contestants might know that the unlikely event of
a restart might occur, I make the simplifying assumption that contestants
are somewhat naive and ignore this possibility when deciding on their first
period effort. Besides enhancing the tractability of my model, I believe this
simplification is not unrealistic in light of the above applications.

In our model, joyful players include the expected joy of winning in the
expected payoff of a restarted contest. Despite the fact that joyful players
prefer the contest population to be biased towards normal types, their bids
for a restart of the contest are higher than the bids by players who care
only about the monetary value of the prize. Therefore, more of the joyful
types than of the types without a joy of winning end up in the restarted
contest. We show that sorting along the joy of winning leads to an increase
in average effort, which is beneficial for a contest designer who wants to
maximize average effort. We also discuss the flip side of the coin: alternative
setups in which players suffer from the frustration of losing, or in which both
non-monetary components exist.

This paper is related to the growing literature on the joy of winning. How
the joy of winning influences experimental results and how it is incorporated
into theoretical models is shortly surveyed in the introductory section of
chapter 4. The focus of the current chapter is on the difference between
effort levels in an original and a restarted contest. Therefore, it is broadly
related to some recent contest experiments that analyze effort decisions in
repeated contests. Descamps et al. (2016) study real effort in dynamic
lottery contests in the laboratory. They find no strategic momentum effect
(according to which victory generates additional momentum for leaders and
defeated opponents are discouraged). Rather, players in their experiment
increase their effort after losing. Likewise, in an all-pay auction framework,
Hart et al. (2015) find that after winning the contest, players in their

experiment tend to invest less in the following round["’] Johnson and Salmon

1Ernst and Théni (2013) and Klose and Sheremeta (2012) also study all-pay auctions.
They use the framework of prospect theory according to which participants enjoy gaining
some amount of money more than losing the same amount of money. This helps them
explain bimodal bidding behavior in their experimental auctions.
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(2016) focus on how losers of promotion tournaments react to the outcome of
the contest. They find that it depends on the specific promotion mechanism
and on a player’s ability whether effort on a later task increases or decreases.
In all of these papers, there is no self-selection of players into the repeated

contest.

In our model, the self-selection of players drives the increase. Therefore,
the paper also touches upon the issue of entry into contests. Entry has
been studied in a number of papers (e.g., Cason et al. 2010, Morgan et al.
2012 and Morgan et al. 2016). However, in these papers the outside option
is typically a piece rate payment or another contest, whereas we consider
the choice between staying with the first contest outcome or repeating the
contest. Concerning entry decisions, Cason et al. (2010) show that in a
real effort experiment, a proportional prize contest elicits more entry than
a winner-take-all contest (which we study in this paper). Moreover, they
show that weaker subjects tend to shy away from the winner-take-all con-
test. Morgan et al. (2012) also study entry into contest experiments, with
six players staying in fixed groups for 50 periods. Their analysis predicts
that self-selection of a similar type would lead to more homogenous effort
spending. Yet, they find no trend in the dispersion of efforts over time, i.e.
they find no evidence for more homogenous effort spending. Morgan et al.
(2016) use the same matching procedure (six players, fixed in groups for 50
periods) to study entry into proportional-prize and winner-take-all contests,
changing also the (risk of the) outside option. They find excess entry and
excess bidding in all treatments. The authors introduce loss aversion and
the joy of winning into their model to explain their results. We build solely
on the joy of winning to explain entry decisions into the restarted contest

as well as increased effort in the restarted contest.

In the next Section we introduce the model framework. We analyze the
model in Section discuss the driving forces of the results in Section
and provide concluding remarks in Section
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5.2 Theoretical framework

5.2.1 Model

The contest designer has the choice between a single one-shot Tullock lottery
contest or an extended game with a surprise stage after the end of the first
contest. If the designer decides to allow for a restart, the model consists of
two consecutive games. When the players make their decisions in the first
game, they are unaware of the existence of the second game. Nevertheless,
both games are connected via the payoff function. Therefore, we will talk
about a three stage game below. The first stage comprises game one and the
second game encompasses stages two and three. The structure of the model
follows the experimental set-up of Herbst (2016b) in which the subjects also

only learn about the subsequent stages after completing the first game.

Stage 1: Contest

There is a continuum of individuals with mass 1. Out of these, two players
A and B fight for a prize of monetary value V' in a Tullock lottery contest.
There are two types of individuals, T = {N, F'}, i.e. we have a binary
distribution of types. The probability of N-types in the population is 1/2
and consequently the probability of F-types in the population is also 1/2.
For "normal" N-types winning a contest is worth V', but for joyful F-types
winning yields some additional "fun" and thus winning a contest is worth
V + A" As the joy of winning is valuable for the player, we assume that
0 < A <V, i.e. the non-monetary value of winning is positive and at most
as large as the monetary value of winning. Although the analysis does not
rely on A being not larger than the monetary value of winning, we want to
limit its influence.

In the first stage, players are randomly matched into pairs. After the
matching, both players in a pair learn their opponent’s type. Knowing their
own and their adversary’s type, both players simultaneously choose effort x;,
i ={A, B}, i.e. we analyze a situation of imperfect information. The unit

cost of effort is assumed to be constant and equal to one. Effort influences a

'This is a simple and extreme version of a model with two types, one type with a high
joy of winning and another type with a low joy of winning.
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player’s winning probability pr;, with the winning probabilityEZ] being equal
to the share of expenditure of contestant ¢ to total expenditure:

X

pri (3:,4,3:'3) = 1= {A,B}

Ta+ TR
if z4 +xp > 0 and equal to 1/2 otherwise. Player i’s expected payoff
depends on his type with

pri(za, zp)V — for an N-type
Emi (z;) = , i={A B}
pri(xa,zp) (V + A) —x; for an F-type

that is, i’s expected payoff is equal to his probability of winning multiplied
by the subjective prize (which is either only the monetary value or includes
also the non-monetary component), minus the effort cost. Both types of
players choose their effort level z; to maximize their expected payoff in this
stage. If the designer decides in favor of the simple setup, the first stage is

the only stage of the game. Otherwise, the game continues to stage 2.

Stage 2: Bidding for a restart

Information on the existence and the modalities of the second game is re-
vealed only after the first game (the first contest) is ﬁnishedE’] All players
are randomly rematched into new pairs. In a specific pair, they again learn
the type T' = {N, F'} of the other player, i.e., whether the opponent is a
normal type or a type for whom winning yields additional fun.

In the second stage, both players can bid b; € [V, V], i = {A, B},
for a restart of the contest. If the sum of these bids is positive, i. e. if
ba + bg > 0, the game is restarted and the monetary payoff (including the
cost of effort) of the former contest is cancelled. Otherwise, if b4 + bp < 0,
the outcome of the former contest is paid out and the players do not enter

into the second contest.[?] In any case, strictly following the experimental

12The winning probability is denoted by pr;() in this framework, so that it shall not
be confused with later continuation probabilities that are denoted by the letter p only.

13See Cohen and Sela (2005) for a theoretical analysis when the effort of the winner
is reimbursed (and players know about this beforehand). Cohen and Shavit (2012) also
run an experiment with refunds for the winner which leads to higher average bids.

14 Alternatively, one could assume that the contest is also restarted if by + bg = 0.
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setup of Herbst (2016b), only the pivotal player in the decision for or against
a restart actually pays a bid in the second stage and the absolute value of
this bid is determined by the second-highest bid. Formally, final payoff II;
will be

Wi,new"i‘bfi b, >0Ab_; <OAb;+b_; >0
i new if (bi>0/\b_i>0)\/(bi<0/\b_i>O/\bi+b_i>0)

Ti,0ld if (bz>O/\b_l<0/\bl+b_zéO)\/(bZ<O/\b_Z<O)

7Ti,old+b—i lsz<0/\b71>0/\bl+b71<0

\

The payoff-structure can therefore be expressed as follows: If one player
is willing to pay a fee for the restart and the other is not and if at the same
time the sum of bids is positive, the restart takes place. The player who is
willing to pay money for a restart (think about him as the loser of the first
round) pays as much money to the mechanism as demanded by the other
player (compare line 1), while the other player (which will be the winner
in this example) does not receive or pay anything (compare line 2, second
condition). If both players are willing to pay a fee for the restart, the restart
takes place and no one pays a fee (compare line 2, first condition). Similarly,
if both players are willing to pay a fee not to restart, the restart does not
take place and no one pays a fee (compare line 3, second condition). If one
player is willing to pay a fee for the restart and the other is not and if at the
same time the sum of bids is non-positive, the restart does not take place.
The player who is willing to pay a fee not to restart (think about him as
the winner of the first round) pays as much money to the mechanism as the
other player placed as a bid (compare line 4), while the other player (which
will be the loser in this example) does not receive or pay anything (compare
line 3, first condition).

The bids for a restart depend on the expected payoff from the new con-

test (which depends on own type and opponent’s type) and on the realized

This would not change any lemma or proposition.
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monetary payoff from the first stage (also type and co-type dependent).
This describes the link of the first and second stage, as the payoff from the
first contest (the first game) is taken into account when decisions in the

second stage are made.

Stage 3: Restarted contest

Stage 3 is the final stage of the game and resembles stage 1. If the sum of
bids by a pair in stage 2 is positive, the two players of this pair continue
to stage 3. They then choose their effort to maximize their expected payoff
from a Tullock lottery contest, as described in section [5.2.1]

5.3 Analysis

We begin by analyzing the first stage. We describe the equilibrium and
compute effort as well as (expected and realized) payoff for the different
pairs. As players are unaware of the subsequent stages when they decide on
their first stage efforts, they believe that the first stage is the only stage of
the game. Therefore, the analysis is the same for the first and third stage.
Using the results from the first stage we show that comparing pairs with
only F-types to pairs with only N-types, pairs with two joyful types are
more likely to continue to restart the contest than pairs with two normal
types. This is sufficient to show that generally more F-types than N-types
continue, taking mixed pairs into account. Then we can show that the
probability of a new match of two F-types is larger than the probability of
a new match of two N-types. Finally, we use the general aggregate effort
formula to show that the restarted contest (in stage 3) elicits more effort

than the original contest (in stage 1).

5.3.1 Equilibria of stage 1

The equilibria of the stage 1 and stage 3 game are derived in appendix
[b.Ad]l Because of our unusual assumption that information on the second
part is only revealed after the first stage is finished, the game under analysis

is the same in both stages. Individual equilibrium effort levels x; ¢ depend
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on own type T'= {N, F'} and co-player’s type S = {N, F'}. We find that

equilibrium efforts are z} yy = ¥ for a normal type against another normal

type, 7} pp = VA for a fun-type against another fun-type, T Np = ‘(/22‘%2?2)

4

V(V+A)?
(2V+A)?
against a normal type. As expected, a joyful F-type invests more than a

for a normal type against a fun-type and z} py = for a fun-type
normal N-type, and the effort expended in a "pure pair" (against a co-player
of the same type) is larger than the effort expended in a mixed pair (against
a co-player of a different type): o} pp > 2} oy > T} yy > 7] Np-
Generally, aggregate average effort X in this stage is
b xy
X:Txﬂ;\fN—i_qx}F—i_(l_T_Q)w’
where 1 is the probability of two N-types being matched into a pair, ¢ is the
probability of two F-types being matched into a pair and hence (1 — ¢ — r)
is the probability of a mixed pair with one normal and one joyful type.

Using the equilibrium efforts from above we get

X:mpv%r(ﬂq—r)VAJqu]. (5.1)

Aggregate effort rises with the percentage of pure F-pairs (¢) and de-

creases with the percentage of pure N-pairs (r).

5.3.2 Continuation probabilities of pure pairs

For the second stage, there exists an equilibrium in weakly dominant strate-

gies in which both players bid their true value of a restart, i.e.

Eﬂ-i new — Tiold for an N'type
b; = , 1={A, B} (5.2)
ETinew — (Mioa — A)  for an F-type

Equivalently, we could assume that players do not behave strategically in
this stage and only think about their own payoff. In any case, players bid
the expected payoff from the restarted contest, E7; ., minus the monetary

payoff from the old contest that will be cancelled if the second contest
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is played. The joy of winning as a non-monetary component cannot be
cancelled. Instead, it remains with the joyful winner. With this in mind,
we analyze under which circumstances the sum of bids by a pair of two
N-types in the bidding stage will be positive so that this pair continues to
the restarted contest and under which circumstances the same is true for a

pair of two F-types.

Lemma 5.1 The probability that a pair of two normal types ends up in the
restarted contest is lower than the probability that a pair of two joyful types

ends up in the restarted contest.

Proof. Of the N-N pairs, only the combinations with both players having
lost in the previous contest continue (see appendix [5.A.2)). The likelihood

2
for a matching of two losing N-types is 55 L for both losers against N, %
for both losers against F and % for one loser against N and one loser

against FE Of the F-F pairs, the sum of bids is positive if both players had

been losers in the previous contest and is also positive if only one of the
V2

24(2V+A)?

for one loser

players had been a loser. The likelihood for the different cases is

for both losers against N, 5 for both losers against F

N
' 212V FA)
for one winner against F and one

’ 26
against N and one loser against F

) 25
loser agalnst F, m for one winner against F and one loser against N,
V4 V(V+A)
52V T A) for one winner against N and one loser against F and BEVIA) 5 for

one winner against N and one loser against N. Taking all these expressions

together, the following mass of N-N pairs continues:

1 9
P(NN cont.) =py = ——— [4VZ + 6V A + S A?]| . 5.3
( )= PN = ST Ay . (5.3)

15To arrive at this expression think about an N-type who faced another N-type and

lost against this N-type ( 53¢ f) being matched with an N-type who faced an F-type

and lost against this F-type (7 . % . Q‘ﬁ_AA) Therefore, the probability of such a match

is 21.3 2“//+_~_AA We also have the mirror case of an N-type who lost against an F-type being

matched with an N-type who lost against an N-type. In total, the probability to see
a match of two N-types of which one has lost against N and one has lost against F is

1 V4A | 1 VEA _ 1 VA :
therefore 5 WrA T B IVIA = T ILA The other terms follow the same logic.
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Of the F-F pairs, the mass that continues amounts to

P (FF cont.) = pp = m 12V2 + 10VA + ZN : (5.4)
Comparing P (NN cont.) as given by with P (F'F cont.) as given by
reduces to comparing the terms in squared brackets. Since 1212 +
10VA+IA% — (4V2 + 6VA + §A?) =8V2 + 4V A — LA? is always strictly
positive (because V' > A) we have shown that more of the F-F pairs continue
than of the N-N pairs['f] m

Intuitively, think about all cases in which a loser is paired up with an-
other loser. Whenever this occurs, the sum of bids is positive since the
expected payoff from the new contest is positive and the eliminated mone-
tary payoff from the old contest is negative. Hence, we only need to compute
the sum of bids for pairs of two winners and for pairs with one winner and
one loser. The computations in appendix show that of the pairs with
two N-types, only the pairs with two losers continue. If one of the N-types
has won against another N-type before and the other N-type has lost against
another N-type, the sum of bids is equal to zero, in all other pairs of one

winning N-type and one losing N-type, the sum of bids is negative.

In the realm of pairs with two F-types, the pairs with two losers continue,
but also all pairs with one loser and one winner. Remember that when
players reach the third stage with the restarted contest, only the monetary
payoffs from the first contest are cancelled, i.e. the joy of winning A for
winning F-types is not affected "] Thinking about possible opponents in the
restarted contest, F-types would rather not face other F-types because their

expected payoff against an F-type is lower than against an N-type. This

16Tn fact, the above inequality is true as long as A < fi‘; ~ 9.66V. However, once

A increases in relation to V, also the sum of bids by two winning F-type players may
become positive and hence, the probability of a pair of two F-types continuing increases,
while the probability of a pair of two N-types continuing stays the same. Hence, the
result in lemma continues to hold when A is larger than V.

1"The profit that will be cancelled depends on the adversaries’ type in the former
contest and is m; w (asj‘FF) = 1(3V — A) for a F-type who has won against another

212vA
F-type and m; w (xf F N) = % for a F-type who has won against an N-type.
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lowers their bid for a restart[™| However, since their expected payoff from
the restarted contest includes the expected joy of winning, bids by winning
F-types are larger. The latter effect dominates the former so that bids by
F-types are higher than bids by N-types and therefore one loser in a pair
is enough to generate a positive sum of bids. Taking the likelihood of the
combinations under analysis into account, we find that more of the pairs of

only F-types continue than of the pairs of only N-types.

5.3.3 Composition in the restarted contest

In order to make a statement on the aggregate effort in stage 3 (the restarted
contest) compared to stage 1 (the original contest), we need to know more
about the percentage of pure F-pairings (¢) and the percentage of pure

N-pairings (r) in the restarted contest.

Lemma 5.2 The probability of an F-type meeting an F-type in stage 3 is
higher than the probability of an N-type meeting an N-type.

Proof. Call the probability of a mixed pair that joins the restarted contest

Pr+DPM
— e and
Pr+2pp+pN

13 ; ; ; PN+DPM
the probability of meeting an N-type in stage 3 is Py T where py

and pp are given by (5.3) and (5.4), respectively. From these expressions,

new

pu, then the probability of meeting an F-type in stage 3 is

we can directly compute the probability ¢"“" of an F-F combination in the
restarted contest and the probability 7 of an N-N combination in the

restarted contest. From pr > py it follows that

qnew:< pr +Pum )2>< PN + Py )2:Tnew
pr +2pym + PN pr +2pym + PN

These probabilities include the members of mixed pairs (with one F-type

and one N-type) who enter the restarted contest. Recall that whenever

18This effect cannot be directly seen in the analysis as it compares pairs of two F-
players with mixed pairs and the sum of bids for such mixed pairs is irrelevant for our
line of argument. However, it is clear from the expected payoffs in appendix
that F-types expect a higher payoff against N-types than against F-types. Moreover, the
difference in payoffs comparing playing against N-types or against F-types is larger for
F-types than for N-types (for whom the effect also occurs, but less pronounced).
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a mixed pair continues, one F-type continues and one N-type continues.
Because more of the pure F-pairs continue than of the pure N-pairs, more
joyful types than normal types continue and there will be more pairs of only

joyful types than pairs of only normal types.

5.3.4 Effort in the restarted contest

The information we gathered on the composition in the restarted contest is

necessary to arrive at our main proposition.

Proposition 5.1 Suppose that selection into the contest follows the rules
described above. Then, the average effort exerted in the restarted contest is

higher than the average effort exerted in the original contest.

Proof. Aggregate effort is X = o= [2V2+ (2+¢—7)VA +¢A?%. In

12ViA)
1 A2

The term multiplying the term in squared brackets remains unchanged with

stage 1, using ¢°¢ = r°l

= }l, we have X,y =
changes in the population distribution. The only terms that change with the
distribution are (2 + ¢ — r) VA and gA2. Since ¢°'¢ = 7', the term in round
brackets multiplying VA is equal to 2 in stage 1. However, in the restarted
contest there are more joyful pairs than normal pairs, i.e. ¢"" > "%,
Hence, (24 ¢"" —r™") > 2, i.e. the multiplier of VA is larger in the
restarted contest . It remains to analyze what the selection implies for gAZ.
In fact, we can show (see appendix that the probability of a pair of
two joyful types in the restarted contest will be larger than in the original
contest, or expressed formally: ¢"** > ;11 , the probability of pure F-pairs in

stage 1. This completes the proof. m

The selection leads the contestant population to be biased towards F-
types. This has two implications for effort: Generally, effort by F-types is
higher than effort by N-types. Moreover, effort by F-types is higher against
F-types than against N-types. Hence, aggregate effort goes up. Therefore,
a contest designer who is interested in maximizing average effort in the
contest can compare the aggregate effort in the first stage (from a simple
game without a restart) to the average effort in the third stage (when he
allows for a restart). He observes that average effort is higher in the extended

version of the game, so he should opt to allow for a self-selection of players.
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The contest designer could also pursue a different goal, for example
maximizing total effort in all final matches. Such a designer would have to
compare average effort in the second contest with average effort of those
first contest games that are cancelled. From the above analysis we know
that the composition in the restarted contest is biased towards joyful F-
types. Hence, the probability of a pair of two F-types in the restarted
contest is ¢"*" = (% + 8) (% + 8), where ¢ > 0, whereas the probability
of a cancelled match of two F-types is gconcelled — % (% + 6), hence ¢"*" >
geaneelied - Moreover, the probability of a pair of two N-types in the restarted

1

contest is r"* = (5 — 5) (% — €), whereas the probability of a cancelled

match of two N-types is reanceled — % (% — 8), hence 7" < peancelled  From
equation (5.1)) we know that effort increases in ¢ and decreases in r, hence
allowing for a restart is also beneficial for a contest designer who wants to

maximize average effort in all final matches.

5.4 Discussion

In this section we discuss our findings and assumptions in various ways.
First, we want to investigate whether the increase in effort comes solely
from the fact that the subjective value of the prize is larger for F-types
than for N-types and whether one can reproduce the results when half of
the population fights for a larger prize. Second, we discuss the case in
which matching in the bidding stage is restricted in the sense that a winner
is always paired with a loser (and vice versa). Third, we analyze the mirror
case of the joy of winning: What does the introduction of the frustration
of losing (instead of the joy of winning) predict in terms of effort and self-
selection? Fourth, we describe the effects of introducing both the frustration

of losing and the joy of winning into the contest.

5.4.1 Different prize values

In the analysis above, the probability to find a normal types for whom
winning the contest is worth V' is 1/2, and hence the probability for a joyful
fun-type for whom winning the contest is worth V' + A is also 1/2. We
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assume that the non-monetary component A is not affected when the payoft
from the first contest is eliminated. This is an important assumption as we
will see below: In a different setup, in which the value of the prize differs
between types, but in which all players are "normal" types and only care
about the monetary value of the prize (but do not incur a non-monetary joy
of winning on top), lemma does not hold any more and consequently also
the later results do not apply. In other words, the selection effect described
above is not driven by differences in monetary prize values, but the non-
transient character of the non-monetary joy of winning is an important

feature in arriving at the result.

Proposition 5.2 Suppose that half of the subjects fight for a larger mone-
tary prize, then the subjects with the larger prize are less likely to end up in

the restarted contest and effort in the restarted contest will be lower.

Proof. To see this, assume that the population consists of normal types
only, but half of the individuals fight for a prize of value V' (the small prize,
analogous to the former N-types) and the other half fights for a prize of
value V+A (the large prize, therefore call these individuals L-types). In this
framework, the equilibria of the first stage contest are completely analogous
to the above case with the L-types behaving like the F-types. However,
in the second stage, the bids by winning L-types differ from the bids by
winning F-types as now the full monetary prize V 4+ A will be deducted if
the contest is restarted. Hence, the continuation probability of a pair of
two L-types who fight for the larger prize is lower than the probability of a
pair of two F-types (see appendix since of the pairs with two L-types
only the pairs with two losers continue. Therefore, the mass of L-L pairs

that continues is

1

P(LL cont.) = —————
242V + A)

1
4V? 4+ 2VA + 1A2 . (5.5)
Comparing P (NN cont.) as given by (5.3) with P (LL cont.) as given by
(5.5 thus reduces to comparing the terms in squared brackets. Since 4V2+
2VA + 1A% — (4V2 + 6VA + 2A?) = —4VA — 2A? is smaller than zero,

the probability of L-L pairs continuing in this scenario is lower than the
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probability of N-N pairs continuing. Thus, the probability that a pair of
two N-types ends up in the restarted contest is higher than the probability
that a pair of two L-types ends up in the restarted contest. Therefore, the
probability of meeting an L-type in stage 3 is lower than the probability
of meeting an N-type. This also implies that in this setup, the aggregate
effort exerted in the restarted contest is lower than the aggregate effort in

the original contest. m

This highlights again what is driving lemma The important differ-
ence between pure F-type pairs and pure N-type pairs is that for the pairs
with two F-types, one loser in the pair is enough to yield a positive sum
of bids for a restart. On the other hand, in the scenario with two different
prize values, only the pairs with two losers continue for both types of player
pairs. Thus, because normal types are more likely to end up as a loser in
the contest against a joyful type or against a type with a larger prize value,
there is a higher probability of a match of two losing N-types than of a
match of two losing L-types (or F-types). Hence, normal types who fight
for the small prize are more likely to enter the restarted contest than normal

types who fight for the large prize.

5.4.2 Restricted matching

In the experiment by Herbst (2016b), in which we observed that effort in the
restarted contest is higher, matching at the beginning of the second game
was not completely random. Instead, in the experiment matching in the
second stage was restricted in such a way that a former winner was always
paired with a former loser. What does this restriction imply for the above
analysis?

The analysis in section [5.3.2] shows that of the pairs with two F-types,
those with two losers and those with one loser and one winner reach a posi-
tive sum of bids in the second stage and therefore continue to the third stage.
Of the pairs with two N-types, only those with two losers continue. Hence,
restricting possible pairs to always include a loser and a winner means that
all joyful F-types in pure pairs will continue, but none of the normal N-

types in pure pairs continues. Hence, the restriction in the experiment has
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no influence on lemma [5.1] and the following results.

5.4.3 Frustration of losing

Another exercise is to replace the joy of winning as the non-monetary
component of the utility function by the frustration of losing. In such
a framework, half of the subjects are normal N-types as before and the
other half experience a non-monetary frustration of losing A in the event
they lose. These types who get disappointed by losing we call D-types.
The expected payoff for them includes the frustration of losing A, with
Emi(x;) = pri(za,zp)V + (1 —pri(xa,xp)) (—A) — x;. For both types,

expected payoff can be expressed as

pri(za, xp)V — x; for an N-type
E?TZ' (IZ) = s Z:A,B
pri(za,zg) (V +A) —x; — A for a D-type

The assumptions on the frustration of losing are similar to the ones on
the joy of winning above with 0 < A < V, i.e. the non-monetary value
of losing is at most as large as the monetary prize value and is positively

defined, but enters the expected payoff in a negative way.

Proposition 5.3 Suppose that half of the subjects get frustrated if they lose.
Then, these subjects invest more effort than the other players of the normal
type. Moreover, the disappointed subjects are less likely to end up in the

restarted contest and effort in the restarted contest will be lower.

Proof. The first order conditions for the stage 1 contest remain unchanged
so that the equilibrium efforts for N-types stay the same and the equilibrium
efforts for D-types are the same as they were for F-types above. Neverthe-
less, expected and realized payoffs for D-types differ from the payoffs for
F-types. Therefore, while the probability that a pair of two N-types contin-
ues does not change, the probability that a pair of two D-types continues is
different from the probability that a pair of two F-types continues. As the

expected payoff from the restarted contest includes the possible frustration
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of losing, bids for a restart by D-types are lower than bids by F-types. We
find that the sum of bids by a winning D-type paired with a losing D-type
is smaller than zero (see appendix and also the sum of bids by two
losing D-types need not be positive if A is close to V' in size. Therefore,
the probability that a pair of two N-types ends up in the restarted contest
is higher than the probability that a pair of two D-types ends up in the

restarted contest. m

Thus, although efforts by players with the frustration of losing are sim-
ilarly enlarged as in the case of the joy of winning, the selection of players
who are motivated by non-monetary incentives into the restarted contest
does not apply here. The non-monetary part of the utility rather leads

these players to abstain from playing again.

5.4.4 Frustration of losing and joy of winning

If one half of the players are normal types and the other half of the players
are types whose objective function includes both, the joy of winning A and
the frustration of losing A, then A has to be large enough compared to A
for the selection effect (and consequently the effort increase) described in
the main part of the analysis to occur.

A different exercise is to look at a model where half of the players are
joyful types and the other half are disappointed types. From the perspective
of the contest designer, the question is: Is it better to draw the participants
from a population of joyful and frustrated types or from a purely normal
population? It is easy to show that in a framework of joyful and disap-
pointed types, more joyful types than disappointed types continue to play
the restarted contest (see appendix. However, if the extent of the joy
of winning and the frustration of losing are the same, effort by joyful and
disappointed types in the contest is the same. Hence, aggregate effort does
not change from the first to the second stage["”] However, players that are

motivated by non-monetary components (be it the frustration of losing or

YOf course, assuming that the degree of the joy of winning is larger than the degree
of the frustration of losing (i.e. A > A) together with the observation that more joyful
than disappointed types enter the restarted contest would immediately yield the result
that effort in the restarted contest is higher.
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the joy of winning), exert more effort than normal players. Therefore, even
if the monetary prize value is the same in both contests, the contest with
joyful and frustrated types attracts higher effort. This speaks against the

general consensus that more parity is always better (given average ability).

Of course, there are other aspects of the model that could be discussed.
Among them is the assumption that players do not expect the second game
to take place when they decide on their first stage effort. Another simpli-
fication is the assumption of complete information (on your own and your

adversary’s type). Both of these aspects are left for further research.

5.5 Conclusion

In this paper we analyze selection and effort choices of contestants with and
without a joy of winning. The joy of winning is a positive (psychological)
component of the utility function that a player obtains when he wins. Play-
ers who incorporate this non-monetary component in their maximization
problem invest more in the contest and because they also expect to pos-
sibly receive the joy of winning if the contest is repeated, they are willing
to bid more than the expected monetary value of a replacement contest for
a restart of the contest. Therefore, the population of contest participants
changes from an equal distribution at the beginning to a skewed distribution
in the restarted contest, with more joyful types continuing than types who
only fight for the monetary prize. In our framework, all players always know
the type of their co-player, but the possibility to bid for a restart comes as a
surprise. The theoretical analysis shows that the selection process leads to
average effort in the replacement contest being larger (than average effort of
the replaced contests and than average effort in the first contest in general).
An important characteristic of this model is that if the contest is restarted,
the monetary outcome of the first contest is eliminated, but joyful winners
keep their joy of winning.

The predictions from our model can rationalize some results from the
experiment reported upon in chapter 4. In the analogous experimental set-
up, the players who continue to the restarted contest are also the ones who

expend more effort in the first round. As they are aware of the change in the
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distribution of types through self-selection, they increase their effort levels
in the restarted contest even further["] However, the experimental data
suggests that there is not only a utility gain of winning for some subjects,
but also a utility loss of losing. Yet, the frustration of losing cannot explain
the increase in effort observed in the restarted contest. The consequences
for selection into the restarted contest of introducing the frustration of los-
ing into the analysis differ from the consequences of introducing the joy of
winning. Assuming that losing subjects also incorporate the frustration of
losing into their expectations on a restarted contest, these subjects are less
likely to end up in the restarted contest. In other words, the continuation
probabilities for the different subject types are ranked as follows: Players
with a joy of winning are most likely to end up in the restarted contest,
players who are not motivated by non-monetary aspects are less likely to
end up in the restarted contest and players with a frustration of losing are
least likely to end up in the restarted contest. This has consequences for
average effort exerted in the contest.

In this paper, we assessed the choice between two types of institutional
frameworks if a contest designer wants to maximize effort. One caveat to
this is that although a designer of a sports competition or a scientific contest
is probably interested in maximizing effort, in other situations effort can be
viewed as something negative or wasteful. For example, the joy of winning
might make some gamblers expend too much money in the casino so that
they go bankrupt. While in such a case only the individual suffers, also
more fundamental conflicts up to civil conflicts might suffer from seemingly
irrational decisions. The analysis of motivations such as the joy of winning

therefore deserves further attention.

20 Anecdotal evidence suggests that in real life contests, effort in a restarted contest
would also go up. Eriks Zaharans, a 2008 winner of the European Union Contest for
Young Scientists said "[Winning the contest ...] definitely pushed me to work harder"
(https://ec.europa.eu/research/eucys/pdf/where now/cz Said m.pdf)Bedrich Said, a
2011 winner of the Furopean Union Contest for Young Scientist said "If T were able to
repeat the contest, I would spend much more time preparing posters and other objects
[...]" (https://ec.europa.eu/research/eucys/pdf/where now/lv_zaharans.pdf)
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5.A Appendix

5.A.1 Deriving the first stage equilibria

N-N pairs

Maximizing Er; (z;) = xixV — x; with respect to x; yields the first order
T
x;

(witm;)°

condition V = 1. By symmetry we get

Y

. _V
TiNN = 1
where the first capital subscript indicates own type (V) and the second
capital subscript indicates the adversary’s type (/V). Existence and unique-
ness of the pure-strategy equilibrium has been shown by Szidarovszky and
Okuguchi (1997). With these equilibrium effort levels, expected payoff is
Em; (x;‘ N N) = %. Realized payofts depend on a player’s winner status and
are m; w (m;?‘,NN) = 3¥ for a winner and ; (x;:NN) = — ¥ for a loser. Due

to symmetry, the probability of being a winner or a loser is %

F-F pairs

Maximizing E; (z;) = —=— (V + A) — x; with respect to z; yields the first

i+

(V + A) = 1. By symmetry we get

order condition —=2

(zita;)”
. V+A
Tipp = 1
Hence, ET; (3:;‘ FF) = % and depending on the player’s winner status
miw (2] pp) = % for a winner and m; p (2} pp) = —@ for a loser.

The probability of being a winner or a loser in this case is symmetric (as

above) and equal to 3.

Mixed pairs

From the first order conditions for N-types (see section [5.A.1)) and F-types
(see section [5.A.1), we get z;V = (z; +x;)” and z; (V + A) = (z; + z;)°,
where 7 is an N-type and j is an F-type. In the interior equilibrium, in
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which both first order conditions hold, we have

. V2(V +A)
€T. = —————
MYV 4 A)?
and )
P V(V+A)
PENTT Qv 4 A
* 3 * 3 . .
Hence, E; (.QZZNF) = (2VVT)2 and E'; (xLFN) = ((2“//1?)2. If N is the winner
in the mixed pair (which occurs with probability ﬁ), the payoff of the
winning N-type is
(2 vr) V (3V2+3VA + A?)
T i =
ATNE (2V + A)?
and the payoff of the losing F-type is
) ~V(V+A)?
T €T. e —’
L ( z,FN) (2V + A)2

whereas if F' is the winner in the mixed pair (which occurs with probability

V+A

svrx ), the payoff of the winning F-type is

(V+A)BV2+3VA + A?)

W (I:FN) =

2V + A)?
and the payoff of the losing N-type is
. —V2(V+A)
i (2] =
& (i) 2V + A)?

5.A.2 Deriving the continuation probabilities

N-N pairs

Independent of the history, both N-type players expect E; (a:;‘ NN) = %

from the new contest. We compute the sum of bids separately for the
different matchings.

We start by computing the sum of bids if both N-types have won against
F-types. It is negative:

198



S b V 2V (3VE4+3VA+AY  V(AVE-4VA - A7)

i = < 0.
2 2V + A)? 2V + A)?

I=WNF,WNF

The sum of bids if both N-types have won against N-types is also nega-

tive:

Voo3v
b=~ — 2L _ _y <o
> 5 2 <

I=WNN,WNN

Therefore, the sum of bids if one N-type has won against an F-type and

one N-type has won against an N-type is also negative, i.e.:

The sum of bids if one N-type has won against an F-type and one N-type

has lost an F-type is negative:

5 , _V_VEVZ VA LAY VAV D) VA2

) 2 2 — 2<0
2 (2V 4+ A) 2V +A) 212V +A)

i=wNF,INF

The sum of bids if one N-type has won against an F-type and one N-type

has lost against an N-type is negative:

5 , _V _VEV3VALAY) ¥ VA?
=3 1

> =———— <0.
2 2V +A) 42V +A)

I=WNF,INN

Therefore, the sum of bids if one N-type has won against an N-type and
one N-type has lost against an F-type is also negative since it is equivalent

to the last case, the only difference being that the prize is allocated to a

VA2
) L —')
42V + A)

I=WNN,INF

different player.

The sum of bids if one N-type has won against an N-type and one N-type

199



has lost against an N-type is equal to zero:

vV 3V VvV
Z bi—E—T—Fz—O.

I=WNN,INN

Therefore, only the pairs wherein both N-types have lost will continue,

because the sum of bids for all other combinations is non-positive.

F-F pairs

Independent of the history, both players expect E; (x;‘ FE) = V%A from the
new contest. Note further that when players reach the third stage playing
the restarted contest, only the monetary payoffs from the first contest are
cancelled, i.e. the joy of winning A for winning fun-types is not affected.
Therefore, the profit as a winner that is cancelled is smaller by A compared
to the payoff described in section[5.A.1} Depending on the adversaries’ type

in the former contest we have 7w (2} pp) =  (3V — A) for an F-type who

V(3V24+2vA)
(2V+A)?

type who has won against an N-type. Below, we compute the sum of bids

has won against another F-type and m; w (9:;k N) = for an F-
separately for the different matchings.
The sum of bids by two F-types who have won against F-types is less

than or equal to zero:

V+A 1

I=WpFF,WFF

If both F-types have won against N-types, the sum of bids is negative:

Z b — V+A 2V (3V2 +2VA) —4V3 4 BV A2 4 LAB Iy
v 2 (2V—|—A)2 (2V+A)2

I=WFN,WFN

Therefore, the sum of bids if one F-type has won against an F-type and

one F-type has won against an N-type is also negative, i.e.:

Z b; < 0.

I=WpF,WFN

The sum of bids if one F-type has won against an F-type and one F-type
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has lost against an F-type is positive:

A > 0.

V+A 1 V+A
>oob= V=)=

i=wrp,lFF

The sum of bids if one F-type has won against an F-type and one F-type

has lost against an N-type is positive:

_ V4A 1 V(V+A)2
Zi:wpp,le bi = 2 1 BV —-4)+ (2V+A)?

A(4V24+ VA2 A2Z)
(2V+A)?

> 0.

Therefore, the sum of bids for one winner against a N-type and one loser
against a F-type is also positive since it is equivalent to the last case, the

only difference being that the prize is allocated to a different player.

S - A (4V2+ BYVA 4+ 2A%)
2V + A)?

i=wpN,lFF

The sum of bids if one F-type has won against an N-type and one F-type

has lost against an N-type is positive:

VAA V(3V2+2VA) V(V4A)?

Zi:wFNJFN bZ = 2 (2V+A)? (2V+A)?
7
_ A(4V24+IVA+LIA?) -0
(2V4A)? '

Therefore, not only the pairs wherein both F-players have lost will con-
tinue to the restarted contest, but also the pairs of the last four cases, in
which one F-type has won and one F-type has lost will continue to the

restarted contest.

5.A.3 Frequency of F-F pairs in the restarted contest

Here, we want to analyze whether there are relatively more pairs with two

F-types in the restarted contest compared to the initial contest, i.e. whether

new old __ 1
q" > g = 1.
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For this to be true, it needs to hold that

P

2
Pr+p

(PF +