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Abstract

We analyze equilibria of two-player contests where players have intention-based preferences.
We find that players invest more effort compared to the case with selfish preferences and are
even willing to exert effort when the monetary value of the prize converges to zero. As a
consequence, overdissipation occurs if the value of the prize is sufficiently small.
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1. Introduction

Empirical tests of contest & tournament models with selfish players show that the predictive power
of these models is relatively poor. Subjects in experiments tend to spend more than predicted, and
overdissipation is frequently observed. Subjects are even willing to spent effort if the value of the prize is
zero (see Dechenaux et al. (2012) for an excellent survey). Therefore, a growing literature analyzes contest
behavior with non-standard preferences (see for instance Grund and Sliwka (2005), Fonseca (2009), and
Lim (2010)). All these models, however, remain consequentialist in the sense that fairness exclusively
depends on the outcomes or consequences of individual behavior. With the exception of Gill and Stone
(2010) who develop a model of desert in tournaments that can be given a procedural interpretation,
models combining consequentialist and procedural aspects of fairness played no role in the theoretical

literature on contests so far.

We analyze how intention-based fairness preferences, as introduced by Rabin (1993), influence behavior
in Tullock-type contests. Rabin’s model is especially attractive because recent findings suggest that
purely consequentialist models of social preferences are too narrow to explain human behavior and that
individuals take intentions into consideration when making economic decisions (Konow (2003)). It is

therefore interesting to see how the Rabin model stands the test of explaining behavior in contests.

2. The model

Consider a situation in which each of two players ¢ € {1, 2} simultaneously exerts effort x; € Ry in order
to win a prize of monetary value V' > 0. The contest success function (CSF), p; : x; x x; — [0, 1],
determines for any given value of the vector x = (x;,x;) player i’s probability of winning the prize (or

player i’s share of the prize). It takes the form of a lottery contest (see Tullock (1980)):

Ly

: - forx #0,
pilx) = { 1t &)
3 for x = 0.
The (expected) material payoff of individual ¢ can then be defined as:
vi(x) = pi(x)V — cay, (2)

with ¢ > 0 representing the marginal costs of effort.

Two features of the model by Rabin (1993) stand out. First, a player’s payoff increases (decreases) if she
believes that the other player intends to treat her kindly (unkindly). Second, if a player believes that the
other player treats her kindly (unkindly), she will reciprocate and treat the opponent kindly (unkindly)
as well. Intentions are inferred from actions according to second-order beliefs about effort choices where
x; € Ry denotes player i’s effort choice, y; € Ry i’s belief about j’s effort choice, and z; € Ry i’s belief

about j’s belief about i’s effort choice.

In order to quantify the utility from imputed intentions Rabin uses two kindness functions: f;(x;,y,) and

fi(yj, zi). The first measures how kind ¢ is to j, the second measures how kind 7 believes j to be. Define



(i) v} (y;) = maxy, v(y;, ;) = V —y; as the maximum, (i) 07" (y;) = min,, v;(y;, ;) = —y; as the
minimum payoff, and (iii) vé- (y;) as the minimum among the efficient payoffs player j can get, given y;.
Since j’s payoff monotonically decreases in ¢’s effort, the latter payoff depends on player ¢’s best response

to i’s believes about j’s effort choice, which is given by

[Vy,
— —y;  fory; < V/e,
Xi(y;) = c ’ ! (3)

0 else.

We thus define U;(yj) = v;(yj, Xi(y;)). A fair reference point, coined equitable payoff, is defined as
v8(y;) = (VM (y;) +v5(y;)) /2. Thus,

v; (Y5, i) — V5 (y;)
v (y;) — v (y;)

If we substitute actions in (4) by first-order beliefs (z; by y;) and first-order beliefs in (4) by second-order

filwi, y;) = =p;(yj, @) — %(1 +pj (ijXi(yj))) €[-1,1/2]. (4)

beliefs (y; by z;), we get

Bons) = ey s -5 (14 ne)) ey o)

Ui -

where Y;(z;) is defined in accordance with (3). Note that in the contest framework the denominator in
both kindness functions is positive by definition. Hence, fi(zi,y;) > 0 (f;(y;,2) > 0) if and only if i
treats j kindly (¢ beliefs that j treats her kindly) and vice versa.

Player i’s overall expected utility for given z;,y,, and z; is defined as follows (see Rabin (1993)):

3. Equilibrium analysis

A solution of the game is a fairness equilibrium (FE):

Definition 1 (Fairness Equilibrium, Rabin (1993))
An intention-based FE for a two-player contest is a tuple xT’, zf, such that
1. 2f" € argmaxu;(z;, 5, 2:),
z;

2.2 =y = 2,
with i € {1,2}, and i # j.

Given that fj(y;, zi) is a parameter to i’s optimization problem and p;(y;, ;) = 1 — p;(x4,;), (6) can be

rewritten as follows:
wi(2i, Y5, i) = pilwi, y) (V= i, 20)) — cxi+ fi(yz, 1) (1= p; (g5, X)) (6)

Note that the third term of the above equation is independent of x;. The formulation shows that from
a behavioral point of view fairness preferences “perturb” the perception of the value of the prize in any

interior equilibrium. Intuitively, the effective prize (V — fj(yj, 2;)) decreases in the kindness of player j.



Proposition 2
F

The lottery contest with fairness preferences defined by (6) has a unique fairness equilibrium x* =

(xf,xf) with

1.
142V

for2V({de—1) <1,

128c 1V for2V(de—1)>1,
C

2. 2{ (¢, V) =yl (c,V) =2 (¢, V) =yl (¢, V) = 2] (¢, V),
3. fl(l'f(c, V)’yf(ca V)) = JEJ(yJF(Ca V)aZzF(C’ V)) = _%7

forie {1,2} and i # j.

Proof. Assume an interior equilibrium exists. If it exists it can be characterized by the first-order
condition of (6'):
Opi(wi, y;) i
L) (y _ f 4, 20) = ®
Note that this conjecture implicitly assumes that the effective prize is positive (V' > fj(y;, 2;)). In this
case (6) is strictly concave in z;. Using (1), (3), (5), and the equilibrium conditions z; = y; = z;,

xj = y; = 2j, (8) becomes

Vezizi(z + ) + VVa(2V — Dz + 2V + 1)a;5) \%
—c=0 & — >u, (9a)
2\/V(SCZ —+ ZL']')B C
i (V(r; +x;) +x; 1%
sV ) J)—c:O & — < (9b)
(@ + 1.]_)3 c
We have to analyze all possible permutations of the above cases.
Symmetric interior equilibria: In a symmetric and interior FE (2 = xf =2 > 0), the equilibrium
efforts are implicitly given by
1 /2V c v r
g(x—FJr xFV>CO<:>?Z:L' , (10a)
1 /2V 1 v r
g(x—F+$—F)CO<:>?<LL'. (10Db)

The solution yields (7). Note that 2V (4¢ — 1) < 1 implies y > V/¢, and thus X (y) = 0 (cf. (3)). If
2V (4¢—1) > 1, we find that y < V/cand thus X (y) = \/V y;/¢ > 0. In both cases f; (yf(c, V), 25 (e, V)) =

_1

7 so that the optimization problem is well defined (cf. eq. (8)).

Asymmetric interior equilibria: Next, we need to rule out that asymmetric equilibria exist with (i)
21>V Axe >V, (i) o1 < VAxe <V, (iil) 21 >V Axe <V, (iv) 21 < V Axg > V. The resulting
system of FOCs cannot be solved analytically in these cases (cf. the polynomials in (9)). The proof of
the non-existence of fairness equilibria in the above cases has been carried out using the software package

Mathematica 8. The programming code can be sent upon request.

Corner equilibria: Two candidates for corner equilibria exist: x = (0,0) and x = (0, x;), with z; > 0.

In the former case, fj(0,0) = 0 so that both players’ actions (as well as their first and second order



beliefs) are neutral. Then, however, the contest boils down to a standard two-player contest with selfish
preferences (cf. eq. (2)) where x = 0 can never be an equilibrium (see Nitzan (1994)). In case x = (0, z;)
player ¢ believes that the other player is unkind, since fj (0,z;) < 0. This leads to a perception of the
value of the prize V — fj (0,z;) > V: the contest resembles a standard contest with (possibly) asymmetric
valuations, and it follows from the above mentioned literature that in this case x = (0, ;) cannot be an

equilibrium either. m

In the FE both players perceive the other player as unkind and therefore act unkindly themselves. The
reason why only unkindness is a mutually consistent belief becomes apparent if one takes a closer look at
the equitable payoff v§(y;). Payoffs larger (smaller) than v§(y;) are considered as a signal for the kindness
(unkindness) of the other player. Interestingly, v§(y;) = (V + W)ﬂ —cyj, which is for y; > 0 strictly
larger than the payoff that would result if the players shared the rent equally or had identical winning
probabilities (V/2 —cy;). In an extreme case (if y; = 0) player ¢ is considered fair if and only if she leaves
more than half of the prize for player j, which, given the CSF in (1), is unfeasible for all y; > 0. Tt follows
that even if player ¢ invests zero effort (y; = 0) the ascribed intentions are neutral. In situations where
y; > 0, the equity threshold increases beyond one-half, which implies that even with identical effort levels

the players ascribe negative intentions to the other player.

Lab experiments on contests consistently produce several anomalies compared to the reference model
with selfish preferences (see Dechenaux et al. (2012)). We show that the following anomalies can be

explained by intention-based fairness preferences.

Corollary 3 We find that the following holds in the FE:
1. Overspending. Players spend more effort compared to the NE, i.e.

2 2
X, V)= ZJ:ZF(C,V) > fov(c,V) = X"(¢,V) Ve >0,V > 0. (11a)

i=1 i=1
2. Overdissipation. Aggregate effort exceeds the monetary value of the prize if V' is sufficiently small,
i.e.

1
XEe,V)>VeV<—. 11b
c X (e, V) i (11b)

3. Joy of winning. As the monetary value of the prize converges to zero, aggregate spending stays
strictly positive, i.e.

1
lim X =—. 11

V5o (V) 8¢ (11c)
Proof. Note that the aggregate spending in the selfish NE (cf. eq. (2)) equals V/(2¢). Comparing this

to (7) leads to (11a). (11b) as well as (11c¢) follow immediately from (7). ®

Figure 1 shows the difference between the effort invested in a NE (XV) and the FE (X ) contingent on V'
for ¢ = 1. The dotted graph represents V', the dashed graph represents aggregate effort with selfish, and
the bold graph aggregate effort with fairness preferences. For V < % individual effort exceeds the value
of the prize such that the regime shift from Proposition 1 occurs. If V < 1/(2v/2) aggregate spending
exceeds the value of the prize such that overdissipation exists up to this value. For increasing (but finite)

values of V the difference between X and XV is reduced but does not vanish. Overspending results
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Figure 1

Equilibrium effort with selfish and fairness preferences

o=

because both players regard their opponent as being unkind and act accordingly. However, this finding
seems to be at odds with the construction of the psychological (dis-) utility which is normalized to be in
[—1,1/2], and whose relative importance should therefore vanish if V' becomes sufficiently large. It is in
fact true that (4) and (5) are independent of the valuation V' of the relevant player. The reason why this
effect does not appear in our results is that (3) is a function of the opponent’s valuation V' and therefore
enters the equitable payoff. Given that both players have identical valuations, the comparative-static
experiment underlying Figure 1 therefore assumes a joint variation of V' and is therefore different from
the ones in Rabin (1993).

Overdissipation results because in any FE the normalized psychological utilities represented by the kind-
ness terms become more relevant the smaller the material payoff is (cf. eq. (6)). Thus, if V' is sufficiently
small, the psychological utilities become relatively more important, such that eventually aggregate effort
exceed the value of the prize; a property which does not exist with selfish preferences (see Ellingsen
(1991)).

This line of reasoning taken to its extreme leads to (11c¢): Even if the value of the prize converges to
zero, wasteful effort spending persists. This result can be viewed as an attempt to explain the frequent
observation that subjects invest positive effort even if the monetary value of the prize is zero. Our

model gives the idea of a

‘joy of winning” motive that has been brought forward to explain this type of
behavior a specific meaning: for V' — 0 both players almost exclusively exert effort in order to retaliate
effort spending by the competitor. The joy the players experience when winning a prize of (monetary)

value zero comes from the fact that they avoid the bad feelings that would result from losing.

4. Discussion

Our analysis has shown that intention-based preferences do a reasonably good job in explaining empirical

behavior in contests. The only pattern the model is not able to explain is overspreading (Dechenaux et



al. (2012)), i.e. the fact that the variance of observed efforts is large.

A possible way to extend the model to also explain overspreading (in addition to the obvious observation
that overspreading can result from asymmetric information about preferences) is to allow for heterogeneity
with respect to the perception of the equitable payoff, which turned out to be crucial for our results. The
intuition for Proposition 1 has revealed that it is in fact this reference point that drives the result. We
use Rabin’s (1990) specification in our model, and its construction has a lot of intuitive appeal. However,
it can be scrutinized if it is the only adequate and plausible reference point in a conflict situation like the
one analyzed in this paper. In the end players know that they are in a situation of mutual conflict where
the only possibility to profit is at the expense of the other player. Assuming negative intentions for any
positive effort level therefore seems to be a rather strong feature of the Rabin model because it implies
that the players consider only the fully efficient outcome with zero effort as one where intentions are
not unkind. An alternative (and admittedly ad hoc) candidate payoff that would potentially qualify as
equitable would be the selfish Nash outcome. The interpretation would be that players assume kindness
of the other player if they receive more than in the selfish Nash case and vice versa. In a situation like
this there is more room for mutually ascribed kindness, and it is in fact straightforward to check that
kindness equilibria can exist in this case where players undercommit effort compared to the selfish Nash

case. This line of reasoning points in the direction of situation-specific reference points.
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