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2 EXPLAINING GENDER DIFFERENCES IN COMPETITION

1. Introduction

A number of recent articles present evidence that males tend to respond more favor-
ably than females when faced with competition. Gneezy, Niederle and Rustichini (2003)
conduct experiments in which college students solve mazes, either on their own or in a
contest with other students. They show that competition causes males to increase their
performance by more than females. Gneezy and Rustichini (2004) find similar results
in footraces between young children: males increase their performance in the face of
competition, while females do not. Cotton, McIntyre and Price (2013) conduct multiple-
round math competitions and find evidence that males outperform females of the same
ability during the initial round of competition.1 This male advantage may help explain
achievement differences between males and females that have been documented in com-
petitive academic and workplace settings (Blau and Kahn 2000). Understanding which
factors may be driving these gender differences is therefore essential for designing poli-
cies to promote equality.

The experimental and empirical literature suggest a variety of factors which may drive
the observed male performance advantage in competition. Possibilities involve real or
perceived differences in confidence, ability, or risk aversion (see Gneezy, Niederle and
Rustichini 2003, Niederle and Vesterlund 2007, 2011, Gneezy and Rustichini 2004, Cro-
son and Gneezy 2009, Günther et al. 2010, Ong and Chen 2012). None of these articles
provide a game theoretic framework to assess the merits of the explanations. How-
ever, there exists an extensive theoretical literature modeling contests and tournaments
that can provide insight into the causes of the observed gender differences. By com-
paring theoretical predictions with the empirical observations, we can learn which of
the proposed explanations for the observed gender differences are consistent with the
theoretical predictions.

The current article presents a simple model of competition adapted from the game the-
oretic literature on contests. In the model, agents simultaneously choose effort, where
their performance in the contest is a function of both effort and ability, with the prob-
ability of winning the contest increasing in one’s own performance and decreasing in
opponent performance. Players may differ in their ability or preference parameters, as
well as in their (potentially inaccurate) beliefs about ability. The model, based on Tul-
lock (1980) and Baik (1994), is the standard framework in the theoretical literature for
modeling contests between asymmetric players.2 We adapt the model to consider var-
ious explanations of the male advantage, allowing for male competitors to differ from
female competitors in terms of their preferences, confidence and ability; in an extension

1Various recent articles work to determine in which settings the male advantage exists. Cotton, McIntyre
and Price (2013) show that the male advantage only lasts for one round in such a setting, and depends
crucially on the framing of the competition as a race. Günther et al. (2010) find that the male advantage
is task dependent, as they show that it exists during maze competitions, but not during competitions
involving word games, pattern matching, or memory tasks. Gneezy, Leonard and List (2009) present
evidence that gender differences in the face of competition depend on participant background and social
norms. Our analysis is only applicable to settings where the male advantage does exist.

2See also Dixit (1987), Nitzan (1994), Stein (2002), and Brown (2011). Skaperdas and Gan (1995) in-
corporates differences in risk aversion into such contests. Application of contest theory to workplace
achievement include O’Keeffe, Viscusi and Zeckhauser (1984), Main, O’Reilly and Wade (1993), Chan
(1996), Tsoulouhas, Knoeber and Agrawal (2007) and Carpenter, Matthews and Schirm (2010).
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we consider differences in risk aversion. In order to isolate the effects from each indi-
vidual explanations on performance differences, we consider each possible explanation
separately. For example, when considering explanations involving ability differences,
the model incorporates differences in ability while holding differences in preferences
and confidence fixed. When considering explanations involving differences in risk aver-
sion, the model considers a game in which males and females differ only in their risk
aversion. To further simplify the analysis, we also assume that the two groups are homo-
geneous. Although we model differences between males and females, we abstract from
within-gender differences amongst males or amongst females. The result is a simple
framework that allows for the straightforward comparison of different explanations for
the male-performance advantage that exists in certain environments; it is not a general
theory of gender differences in competition.

In equilibrium of our games, a competitor’s effort and performance depends on his or
her own type, as well the type of his or her opponent. The analysis is therefore concerned
about the relative performance of four player types—males in single-gender competition
of males only (MvM), males in mix-gender competition of half females and half males
(MvF), females in mix-gender competition of half females and half males (FvM), and
females in single-gender competition of females only (FvF)—and whether the predicted
performance differences between these four groups matches the patterns observed in the
data. We solve cases with two competitors and six competitors separately, showing how
the number of competitors affects the predicted performance patterns in certain settings.

We compare the theoretical predictions of the model with the empirical evidence from
Gneezy, Niederle and Rustichini (2003) (which involved six competitor experiments) and
Cotton, McIntyre and Price (2013) (which involved head to head contests between two
competitors). We chose these papers due to data availability, because Gneezy, Niederle
and Rustichini (2003) is the seminar paper on the topic, and because Cotton, McIntyre
and Price (2013) involved an experiment involving head-to-head contests that closely
resemble the underlying theoretical model with two players. The data allow us to draw
conclusions about the relative performance of the four player types: MvM, MvF, FvM,
and FvF. We review the data in detail in Section 2. In that section, we describe the
criterion that we use to determine how well alternative theoretical explanations match
the data.

The theoretical model predicts behavior that, while well known amongst contest theo-
rists, may go against popular intuition. For example, the model shows that competitors
put in the most effort in contests in which they are evenly matched against a single op-
ponent. Starting from an evenly-matched contest, increasing one player’s ability results
in a less competitive contest, and in equilibrium both players respond by putting forth
less effort. The high-ability player puts forth less effort because he can expend less effort
and still perform better than before. The low-ability player puts forth less effort because
her marginal expected return from effort is decreasing in opponent ability. This means
that in a lopsided contest, both players put forth less effort than in a contest between two
same-ability players. A high-ability competitor is more likely to win a contest against a
low-ability competitor, not because he puts in more effort than his opponent, but rather
because he achieves higher performance with equal effort. This is an important distinc-
tion when considering explanations in which players have misperceptions about their
own ability or the ability of their opponent. If, for example, a player is over-confident
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in his own ability, then he underestimates the competitiveness of the contest, and puts
in less effort than if he had accurate beliefs about his ability. If his ability advantage
was real, his lower effort would not fully offset the advantage of higher ability, and he
would still experience an increase in performance. However, because he overestimates
his ability, his lower effort results in lower equilibrium performance.

The case of overconfidence illustrates the importance of formally considering the theo-
retical model. Gneezy, Niederle and Rustichini (2003) hypothesize that “It might be that
men are solving ‘too many’ mazes, because they ... are over-confident about their abilities
and hence their chances of actually winning the tournament” (p 1060). This statement
and others found in the literature are inconsistent with a game theoretic model of con-
tests. If a male overestimates his ability, he underestimates the competitiveness of the
contest which causes him to put in less effort and perform worse than opponents who
have correct beliefs about ability. The theoretical analysis shows that overconfidence has
the opposite effect on performance than what has been assumed in the literature, and
by comparing the model to the empirical requirement, we are able to reject the male-
overconfidence explanation of gender differences. For similar reasons we can also reject
a model in which players have incorrect beliefs about male or female ability. Addi-
tionally, we rule out other explanations for the male advantage including explanations
in which players dislike losing to females. This leads us to reject explanations for the
male advantage involving male-overconfidence or general misperceptions about ability,
as well as a number of explanations involving preference differences.

We find that other explanations for the male performance advantage are more con-
sistent with the theory, to different degrees. When females are under-confident in their
own abilities or more risk-averse, they tend to underperform compared to males. While
this outcome is consistent with the most significant empirical evidence, it does not pre-
dict the exact same effect of opponent gender on performance as observed in the data.
Because of this, we view the female under-confidence and higher female risk aversion
models as feasible but moderately less-likely explanations of the performance patterns
compared to models which perfectly predict the performance differences observed in
the data.3

Two explanations are perfectly aligned with the empirical patterns. First, males may
be better at dealing with competitive pressures. This explanation does not imply that
males are inherently better at solving math questions, competing mazes, or running
races.4 Rather, it means that they remain more focused or less nervous in the face of
competition, and are therefore better able to convert effort into performance. Second,
males may have greater desire to win, or enjoy competition more than females.

Taken together, our results may help guide policy intended to improve gender equal-
ity in school, the workplace, and other potentially competitive environments. We find

3Although there is substantial empirical evidence that “women are indeed more risk averse than men”
(Croson and Gneezy 2009, p448) in a variety of settings, we are the first to illustrate how risk aversion
alone may result in the within competition performance differences between males and females. Dohmen
and Falk (2011) empirically show that females are no less likely to sort into competition than males when
controlling for differences in risk aversion. However, their analysis focuses on selection into contests, rather
than performance in competition. Ong and Chen (2012) argue that risk aversion may be the dominate
factor for explaining performance differences within a contest.

4Cotton, McIntyre and Price (2013) and Gneezy and Rustichini (2004) find gender differences even when
controlling for a student’s performance in a non-competitive setting.
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that the observed gender differences are unlikely driven by incorrect beliefs about the
relative ability of males and females. Therefore, campaigns to inform people of the fact
that females are just as capable as males will be ineffective in eliminating the perfor-
mance differences. To the extent that performance differences are also not driven by
female under-confidence in their own abilities, working to improve the self confidence
of females is unlikely to effectively reduce the observed performance differences. More
effective policies may aim to give females greater exposure to competitive environments
at earlier ages, with the intention of improving their ability to deal with the pressures of
competition.

The contribution of the paper is threefold. First, we provide a theoretical framework
in which to assess between-group performance differences in reaction to competition.
Although our focus is on gender differences, the model may be applied to help explain
performance differences in settings where player type is defined by some other charac-
teristic rather than gender. Just as explanations involving overconfidence, for example,
cannot explain performance differences between males and females, it will also be un-
able to explain average performance differences between other demographic or socioeco-
nomic groups. The framework may also be extended to consider additional explanations
for gender differences in competition that we did not consider here. Second, we use the
model to provide a formal assessment of a number of popular explanations for the male
performance advantage in competition. Because of the strategic nature of competition,
one’s choice of effort and performance during competition is not always as intuitive as
people may assume. A careful consideration of the competitive interaction allows us to
rule out a number of explanations for the male advantage in competition that have been
put forth in the literature. These results can help guide policies intended to decrease
gender inequality in graduate school or the workforce. Third, our model provides guid-
ance for future researchers in designing new experiments that will differentiate among
the alternative explanations that are consistent with the data.

2. Empirical Observations

A significant literature has emerged testing whether males and females react differ-
ently to competitive incentives and in contests. Gneezy, Niederle and Rustichini (2003)
run a series of experiments on college students and show that males respond more fa-
vorably than females to competition when solving mazes. Gneezy and Rustichini (2004)
produce similar results when they have primary school students run footraces. Simi-
larly, Günther et al. (2010) identify a male advantage in maze competitions, Shurchkov
(2012) identifies a male advantage in high-pressure contests, and Cotton, McIntyre and
Price (2013) identify a male advantage the first time students compete in a math con-
test; although all three of these papers also identify contest settings in which there is no
evidence of a male advantage (e.g., female oriented tasks, low-pressure situations, and
repeated interactions).5 Niederle and Vesterlund (2011) provide an excellent survey of
the literature on gender differences in competition. They summarize the literature: “It
therefore seems that the task and maybe the way the task is administered may matter

5Günther et al. (2010) find no significant difference between male and female performance in contests
involving word games; Cotton, McIntyre and Price (2013) show that the male advantage disappears after
an initial contest round, and does not exist when the contest is not framed as a race. Shurchkov (2012)
finds that the male advantage disappears in low-time-pressure contests.
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when looking for gender differences in changes in performance across incentive schemes.
However, in a stereotypical-male task, gender differences in competitiveness have been
confirmed.”

Our theoretical analysis makes predictions about performance patterns which can be
used to assess different explanations for the male advantage for settings where it does
exist. In this section, we provide a detailed look at some of the empirical evidence from
the literature. Our detailed review of the evidence focuses on the two experiments for
which we have individual level data: Gneezy, Niederle and Rustichini (2003) and Cotton,
McIntyre and Price (2013).6 Access to the individual level data allows us to aggregate
the data across the two experiments to make stronger predictions about the relative per-
formance of the four gender combinations—males in single-gender competition (MvM),
males in mix-gender competition of half females and half males (MvF), females in mix-
gender competition of half females and half males (FvM), and females in single-gender
competition (FvF).

The CMP data involves 253 total participants (136 males and 117 females) competing
in contests to solve math problems as quickly and accurately as possible.7 Participants
were randomly matched with a single opponent, and competed in a one-on-one contest.
The GNR data involves 120 total participants (60 males and 60 females) competing in
contests to solve mazes as quickly as possible.8 Participants were randomly selected into
groups of six people, which were either mixed gender (three males and three females)
or single gender. The person to solve the most mazes in each group won a prize.

Our model gives predictions about the rank ordering of performance for males and
females in single-gender and mix-gender competitions. Thus in the first panel of Table
1 we list the average performance for MvM, MvF, FvF, and FvM. We do this for the
GNR and the CMP data separately, as the theoretical predictions sometimes depend on
whether there are six competitors (as in GNR) or two competitors (as in CMP). The sec-
ond panel provides p-values for a set of exhaustive t-tests comparing the means of each
of the groups. Table 3 presents the same analysis using MWU tests rather than t-tests.
The Mann Whitney U test has the advantage of not relying on an explicit distributional
assumption, asymptotic or otherwise. Unfortunately it is not truly a test of means but
rather of distributions, as it can also reject because of differences in variance or higher
order moments. Thus we base our discussion on the t-tests in Table 1 but provide the ad-
ditional MWU tests for reference. As one can see, the MWU tests provide even stronger
rejections than those in Table 1.

Both data sets present evidence that males on average outperform females in compe-
titions. In GNR, the best performance comes from the MvF group, followed by MvM,
then FvF, and finally FvM. In CMP, the best performance comes from the MvM group,

6The GNR data can be found in the May 30, 2001 working paper version of the published paper, and
the CMP data are available from the authors.

7Cotton, McIntyre and Price (2013) also presents data from multiple rounds of competition. They show
that after the first round of competition, the gender differences disappear. Because we are interested in
settings in which the gender differences do exist, we only use data from the first round of competition.
Because the data come from a field experiment done in classrooms, the number of participants was not
predetermined by the researchers but by the class size. In classes with odd numbers of students, one pair
of competitors had three students instead of two.

8The paper also includes data from non-competitive treatments, which we do not include in our
analysis.
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Table 1. Normalized Performance Differences by Gender and Opponent
Gender

CMP GNR

Gender Treatment
FvM -0.275 -0.454

[0.115] [0.179]
FvF -0.156 -0.118

[0.146] [0.178]
MvF 0.052 0.353

[0.120] [0.179]
MvM 0.247 0.218

[0.117] [0.179]

T-Tests of Equality (p-values)
FvM vs. FvF 0.588 0.185
FvM vs. MvF 0.065 0.001
FvM vs. MvM 0.002 0.008
FvF vs. MvF 0.272 0.063
FvF vs. MvM 0.032 0.185
MvF vs. MvM 0.246 0.592

The top panel lists the mean performance of each gender and opponent gender combination.
For example, FvM lists the average performance of females competing against males. Standard
errors are listed in brackets. There are 253 observations in the CMP data and 120 observations
in the GNR data. The bottom panel reports the p-values from t-tests of equality between each
pair of coefficients.

Table 2. Mann-Whitney U-tests of Normalized Performance Differences

CMP GNR

FvM vs. FvF 0.836 0.103
FvM vs. MvF 0.090 0.0004
FvM vs. MvM 0.015 0.010
FvF vs. MvF 0.219 0.026
FvF vs. MvM 0.072 0.135
MvF vs. MvM 0.433 0.563

The table reports p-values from Mann-Whitney U-tests of equality of the distributions between
any two groups. The test, which is based on rank ordering, does not assume a particular
distribution, but can give a rejection due to differences in higher moments than the mean. There
are 253 observations in the CMP data and 120 observations in the GNR data.
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followed by MvF, then FvF, and finally FvM. The performance ordering of the four gen-
der groups is almost identical in the two data sets, with the exception being that in GNR
males perform better when competing against females, and in CMP males perform better
when competing against males. This brings us to the first condition, which we compare
to the predictions of the theoretical models.

C 1 (Perfect match). A model is a perfect match with the data if it predicts the exact same
performance ordering observed in the CMP data when N = 2:

p∗FvM < p∗FvF < p∗MvF < p∗MvM

AND predicts the exact same performance ordering observed in the GNR data when N = 6:

p∗FvM < p∗FvF < p∗MvM < p∗MvF,

We say that a model is a perfect match with CMP (GNP), when it satisfies the perfect
match criteria for N = 2 (N = 6). It is feasible that a model is a perfect match for one
experiment but not the other.

Although both of our experimental data sets present evidence that males on average
outperform females during contests, the results are not always significant when we con-
sider the joint effects of both own gender and opponent gender. In GNR, while FvM is
significantly different from both male groups (p-values of 0.001 and 0.008), FvF is not
significantly different from MvM (p-value = 0.185), though it is different from MvF at
the ten percent level (p-value = 0.063). Other insignificant relationships in GNR include
the difference between MvF and MvM performance (p-value = 0.592) and the difference
between FvM and FvF (p-value = 0.185). In CMP, FvM is also significantly different from
both male groups (p-values of 0.065 and 0.002). CMP can reject what GNR could not—
FvF is different from MvM (p-value = 0.032)—but the data are uninformative about FvF
vs. MvF (p-value = 0.272). Other insignificant relationships in CMP include the differ-
ence between MvF and MvM performance (p-value = 0.246) and the difference between
FvM and FvF (p-value = 0.588).

Because some of the relationships in C1 are not significant, we do not require that a
model predicts that the insignificant relationships to be considered a feasible match.

C 2 (Feasible match). A model is a feasible match for the empirical data if it violates some part
of C1, but predicts all of the significant performance orderings observed in the CMP data when
N = 2:

p∗FvM < p∗MvM AND p∗FvM < p∗MvF AND p∗FvF < p∗MvM

AND predicts all of the significant performance orderings observed in the GNR data when N = 6:

p∗FvM < p∗MvM AND p∗FvM < p∗MvF AND p∗FvF < p∗MvF.

3. Theoretical Model

We apply theoretical models of contests to assess the various explanations for male-
female performance differences during competitions. The underlying model is based
on Baik (1994)’s adaption of Tullock (1980)’s rent seeking model to allow for player
asymmetries.
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3.1. A Simple Contest. N players, indexed i ∈ {1, 2, ..., N}, engage in competition for
a prize. The players simultaneously and independently choose a level of costly effort,
ei ≥ 0, which affects their probability of winning the contest. Let Wi ∈ {0, 1} indicate
whether player i wins the prize. Payoffs equal u∗i = Wivi − ciei for each player, where
vi > 0 is i’s benefit from winning the contest, and ci > 0 is his cost of effort. Since
behavior is unchanged by positive affine transformations, we may rewrite the utility
function ui ≡ u∗i /vi = Wi − τiei, where τi ≡ ci/vi. Thus, differences in τi captures
differences in both cost of effort and value of winning, which are indistinguishable in
the model.

Parameter ai > 0 denotes player i’s ability, and pi ≡ aiei denotes a player’s performance.
That is, ability represents how effective one is at turning effort into results. Player costs,
valuations, and ability parameters are common knowledge. The probability that player i
wins the contest depends on the performance of both players, and is equal to pi/ ∑N

j=1 pj
if pi > 0 and 0 when pi = 0. Therefore, a player’s expected utility equals

Eui =
aiei

∑N
j=1 ajej

− τiei. (1)

We solve for the Nash equilibrium of this simultaneous move game. In equilibrium,
neither player can have an incentive to deviate from their effort choice given the effort
choice of the other player. To ensure an interior solution, we assume that

τi

ai
<

1
N − 1

N

∑
j=1

τj

aj
∀i = 1, 2, ..., N. (2)

Thus, no player faces such a large cost of effect that he chooses not to participate in
equilibrium.

The first order condition of Eui with respect to ei is

ai(∑N
j=1 ajej − aiei)

(∑N
j=1 ajej)2

− τi = 0. (3)

Solving the system of N equations for {e1, ..., eN} gives the equilibrium solution, where

each player’s effort maximizes his own payoff conditional upon the equilibrium effort of
the other players.9 We find that for each player,

e∗i =
1
ai

N − 1

∑N
j=1(τj/aj)

− τi

a2
i

(
N − 1

∑N
j=1(τj/aj)

)2

. (4)

From this expression, we can also determine equilibrium performance, p∗i = aie∗i .
Players may differ in terms of their valuation and cost parameters, which enter our

model through τi, and in terms of their ability, ai. A player has a lower τi than his
opponent, for example, if he puts a higher value on winning the contest (a higher vi), or
if he is more eager to compete (a lower ci). A difference in a represents actual differences
in players’ ability to convert effort into performance. This is the case, for example, if one
of the players is better at converting effort into results under the pressures of competition,
or is less susceptible to stereotype threat.

9A check of the second order conditions assures that this achieves a maximum.
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It is worth pointing out two results regarding the equilibrium solution that are helpful
in the later analysis. Both are consistent with formal results derived in Baik (1994).
First, starting out from an even contest in which ai = a−i and τi = τ−i, suppose that
we decrease one player’s preference parameter τ (meaning we increase his enjoyment
of competition or his value of winning). Doing so causes the player with the higher
τ to expend more effort and achieve higher performance, and for his competitor to
expend less effort and achieve lower performance. Second, starting from an even contest,
suppose that we increase one player’s ability a. The player with the ability advantage
can decrease his effort and still perform better than he was performing. In equilibrium,
he chooses to decrease effort but not by enough to fully offset the effect of the ability
increase on performance. The other player also cuts her effort, but for her the cut in
effort is not accompanied by an increase in ability and her performance suffers. That is,
increasing one player’s ability decreases both players’ effort, decreases the performance
of the disadvantaged player, and increases the performance of the advantaged player.

Incorporating Gender Differences. Our analysis uses this contest model to assess different
explanations for why males tend to outperform females during competition. The re-
mainder of the analysis assumes that players are either “female” or “male,” although
the categorization could just as easily be based on other demographic or socioeconomic
characteristics. To keep the analysis as straightforward and intuitive as possible, we
assume that all players of the same gender share the same values of τt and at.10

From here forward, we focus on cases where there are two players (N = 2) or six
players (N = 6). In each case, we consider situations where there are all males, all
females, or an even split. The N = 6 case corresponds to the experiment in Gneezy,
Niederle and Rustichini (2003) (henceforth, GNR) where there are six competitors in
each group, and the N = 2 competition corresponds to Cotton, McIntyre and Price
(2013) (henceforth, CMP) and other experiments that consider person contests.

We formally define a player’s type in terms of both one’s own gender and opponent
gender, as the analysis is concerned with the effect of both. Denote a player’s type by t ∈
{FvF, FvM, MvF, MvM}, where the first letter denotes one’s own gender. FvF denotes
single-gender competition of females only, MvM denotes single-gender competition of
males only, and FvM and MvF denote mix-gender competition of half females and half
males.11 When a variable is independent of opponent gender, we may simply use F and
M to denote player type.

We can simplify (4) further, given the restrictions to N ∈ {2, 6}, the equal proportion
of males and females in mixed gender contests, and homogeneity within gender.

When N = 2,

e∗MvM =
1

4τM
, e∗MvF =

τFaMaF

(τMaF + τFaM)2 , e∗FvF =
1

4τF
, e∗FvM =

τMaMaF

(τMaF + τFaM)2 .

10One could alternatively assume that same type players may differ in terms of a and τ, but that the
distributions are such that one type tends to have an advantage over another type. For example, males may
tend to have higher ability or enjoy competition more than females. In such a setting, our results would
continue to hold for average performance, although they would not hold for every single competition.

11In the 2 player competition, FvM and MvF denote mix-gender competition of one female and one
male. In the 6 player competition, FvM and MvF denote mix-gender competition of 3 females and 3
males.
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When N = 6,

e∗MvM =
5

36τM
, e∗MvF =

5
9
· aF(3τFaM − 2τMaF)

(τMaF + τFaM)2 ,

e∗FvF =
5

36τF
, e∗FvM =

5
9
· aM(3τMaF − 2τFaM)

(τMaF + τFaM)2 .

We walk through the derivation of the above equations for equilibrium effort in the
appendix. In the following subsections, we adapt this framework to consider various
explanations of gender differences in performance.

3.2. Ability Differences. The first possibility we consider is that males are higher-ability
competitors than females. We incorporate this into the model by assuming that aM > aF.
To isolate the effect of ability differences, here we assume τ = τM = τF.

In a male/female competition, the players differ in terms of a but not τ. We can
simplify the expressions for equilibrium effort. When N = 2,

e∗MvM = e∗FvF =
1

4τ
, e∗MvF = e∗FvM =

aMaF

τ(aM + aF)2 .

When N = 6,

e∗MvM = e∗FvF =
5

36τ
, e∗MvF =

5
9

aF(3aM − 2aF)

τ(aM + aF)2 , e∗FvM =
5
9

aM(3aF − 2aM)

τ(aM + aF)2 .

Males and females put in equal effort in single gender competitions, and in the case of
N = 2, males and females also put in the same effort in a mixed gender competition. This
goes against standard intuition. This is because the marginal return on effort depends on
how competitive the contest is. If one player is much more able than his opponent, this
decreases the return from effort for both players. When competing against a low ability
opponent, a high ability player can put in less effort and still win the competition most
of the time. Similarly, the low-ability player also puts in less effort since the expected
returns from effort are lower when competing against a high-ability player than when
competing against another low-ability player. This does not imply that the two players
perform equally well in equilibrium. When both players put in the same amount of
effort, the high-ability player is better able to turn that effort into performance, as given
by p∗ = aie∗i .

We assume that aF is consistent with (2), which implies that males have higher abil-
ity, but not such high ability compared to females that they choose not to participate.
In the case of N = 2, this is never a concern. In the case with N = 6, we require
(2/3)aM < aF. Given this, it is straightforward to compare equilibrium performance for
each competitor-opponent combination.

Result 1. If males are higher-ability competitors than females (i.e., aM > aF and τM = τF), then

p∗FvM < p∗FvF < p∗MvF < p∗MvM when N = 2,

p∗FvM < p∗FvF < p∗MvM < p∗MvF when N = 6.

Notice that the effect of opponent gender on performance depends on the number of
competitors. Males are predicted to exert more effort and perform better when the other
competitor is also male in the case of head to head competition. But, males are predicted
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to exert less effort when all other competitors are male in a six person competition.
Therefore, the predictions of the model depend on the number of players.

The reason for this is because the incentive that someone of the highest ability has
to exert effort is highest when there is a competitor of similar ability, which means he
cannot only rely on an ability advantage and expect to win. But, his incentive to exert
effort is decreasing in the number of additional competitors (beyond the first) who are
also of similar ability. This is because the additional competitors reduces the probability
that he wins even if he puts in additional effort, which reduces his incentive. In the
game with six players, a high ability player exerts more effort when he faces only two
other high ability competitors, than he does when all five other competitors are also
high ability. The result would carry over if we alternatively assumed that mixed gender
groups involved two people of one gender and four people of another.

Result 1 is consistent with condition C1 as described in Section 2. The differences in
performance predicted in the N = 2 and N = 6 cases are perfectly aligned with the
differences in performance patters observed in the CMP and GNR data.

That is, a model in which males have an ability advantage perfectly match the per-
formance patterns observed in CMP and GNR. An ability advantage may refer to either
differences in one’s absolute ability to compete a task, or differences in how well one
deals with the pressures of competition (e.g., how able one is to convert effort to per-
formance when competing). Although the model does not distinguish between these
factors, we know that task-ability alone cannot explain the gender differences. The lit-
erature shows, for example, that if you take males and females who are equally good at
running or solving math problems outside of competition, and have them do the same
task in a competition, then the male students will typically outperform the female stu-
dents of similar underlying ability (Gneezy and Rustichini 2004, Cotton, McIntyre and
Price 2013). This suggests that the ability measure in our analysis must at least partially
capture the ability to handle pressures of competition.

3.3. Under- or Overconfidence. The second set of explanations for the competitive per-
formance gap that we consider involve female under-confidence and male overconfi-
dence. To assess these explanations, we consider a version of the model in which players
may have incorrect beliefs about their own ability. (The next section considers misper-
ceptions about an entire type’s ability.) Here, a player acts as if he has ability âi. If
âi < ai, then i is said to be under-confident. If âi > ai, then i is said to be over-confident.
To keep the analysis as straightforward as possible, players are naive in that they do not
recognize that beliefs about themselves and others may be incorrect.12 We consider the
impact of differences in self confidence in the absence of any actual gender differences
in a and τ. That is, a = aM = aF and τ = τM = τF. All players of the same type have the
same level of confidence. This means that in equilibrium,

e∗i =
a
τ

N − 1
(N − 1)âi + a

− a2

τ

(
N − 1

(N − 1)âi + a

)2

and p∗i = ae∗i ,

where performance equals actual ability times effort.

12Future work may consider the impact of sophistication about the possibility of incorrect beliefs.
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If a player’s misperceptions about his ability causes him to believe that the competition
is less-evenly matched, this causes him to decrease his effort and performance. That is,
if âi < a, then e∗i is strictly increasing in âi; and if âi > a, then e∗i is strictly decreasing in
âi.

If males are over-confident in their ability, then âM > a, and the equilibrium expression
for e∗M and e∗F simplify further.

When N = 2,

e∗M =
aâM

τ(5âM + a)2 and e∗F =
1

4τ
.

When N = 6,

e∗M =
5(5aâM − 4a2)

τ(5âM + a)2 and e∗F =
5

36τ
.

It is straightforward to compare equilibrium performance for each competitor-opponent
combination.

Result 2. If males are over-confident (i.e., âF = a < âM and τM = τF), then when either N = 2
or N = 6

p∗MvM = p∗MvF < p∗FvF = p∗FvM,

If females are under-confident in their ability, then âF < a, and simplified expressions
for e∗t may be calculated in similar fashion. Deriving and comparing p∗t for these cases
is similarly straightforward.

Result 3. If females are under-confident (i.e., âF < a = âM and τM = τF), then when either
N = 2 or N = 6,

p∗FvM = p∗FvF < p∗MvF = p∗MvM,

The above results are consistent with the idea that players put in more effort in com-
petitions they believe to be evenly matched. If players believe that a competition is
lopsided, they will put in less effort regardless of whether they are the player with
an advantage. In equilibrium, over-confident males decrease their performance just as
under-confident females decrease theirs.

Of the two confidence stories, only the female under-confidence model is feasible,
satisfying C2. However, it does not predict the exact same performance ordering, as
it predicts that both male and female performance is independent of opponent gender,
failing C1. Because of this, we view of the female under-confidence model as a possible,
but less consistent, reason for observed gender differences in the competition.

Male over-confidence, on the other hand, is completely inconsistent with the observed
performance patterns in both GNR and CMP. The theory illustrates how over-confident
males exert too little effort and end up performing worse than females, which is the
opposite pattern than what we observe in the data. It represents a remarkably poor
match for the empirical evidence.

3.4. Perceived Differences in Ability. A related explanation for performance differ-
ences between males and females is that there is a common belief that males tend to
be higher ability than females. This is not the same as the real ability differences studied
earlier, since we do not require actual differences in aF and aM. It is also not the same as
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differences in self-confidence studied above, as players do not believe they are more or
less capable than others of the same type.

Again, assume a = aM = aF, and τ = τM = τF. We consider two cases. In the first
case, players underestimate female ability. A player who does this acts as if all females
have lower ability than they actually do, acting as if female ability is âF < a. In the
second case, players overestimate male ability, in which case âM > a. As before, to keep
the analysis as straightforward as possible, players are naive and do not recognize that
beliefs may be incorrect.

In both cases, beliefs affect effort and performance only when competing against an
opponent of another gender. Therefore, when N = 2,

e∗MvM = e∗FvF =
1

4τ
.

and when N = 6,

e∗MvM = e∗FvF =
5

36τ
Consider the possibility that all players underestimate female ability. In the game with

N = 2, both males and females put in the same effort when facing an opponent of the
opposite gender, with

e∗MvF = e∗FvM =
âFa

τ(âF + a)2 .

This effort is lower than it would be if the players did not underestimate female ability.
Because both genders have the same true underlying ability, the performance of males
and females is the same.13

In the game with N = 6, males put in more effort than females, as they compete
against other males within their group for the prize. Females within the group exert less
effort, as they (incorrectly) expect that their performance will be worse than males, even
if they put in the same effort. In this case,

e∗MvF =
5
9

a(3a− 2âF)

τ(âF + a)2 and e∗FvM =
5
9

âF(3âF − 2a)
τ(âF + a)2 .

We assume that âF is consistent with (2), which implies that players believe that males
have higher ability, but not such high ability compared to females that they choose not
to participate. In the case of N = 2, this is never a concern. In the case with N = 6, we
require (2/3)a < âF. Given this, is straightforward to compare equilibrium performance
for each competitor-opponent combination.

Result 4. If both males and females underestimate female ability or overestimate male ability,
then

p∗FvM = p∗MvF < p∗FvF = p∗MvM when N = 2,
p∗FvM < p∗FvF = p∗MvM < p∗MvF when N = 6.

This result assumes that both males and females underestimate female ability or over
estimate male ability. In the appendix, we consider additional possibilities, including
cases where only one group has incorrect beliefs.

13Interestingly, both males and females are better off in this environment compared to one in which
players have accurate beliefs.
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Result 4, as well as the similar explanations involving incorrect beliefs that we con-
sider in the appendix, are inconsistent with both C1 and C2. This allows us to rule
out explanations in which performance differences are caused by perceived differences in
ability.

3.5. Differences in Enjoyment or Costs. Males may enjoy competition more than fe-
males, which is incorporated into the model by assuming that males have a lower cost
of effort (i.e., cM < cF). Similarly, males may care more about winning the contest than
females, which is incorporated into the model by assuming that males have a higher
intrinsic value of winning (i.e., vM > vF).14 Both of these cases affect the preference
parameter τi ≡ ci/vi in the same way, implying that τM < τF. Here, we consider the
possibility that performance differences are driven by differences in τ. To focus the
analysis on the effect of preference differences, we assume a = aM = aF.

In a male/female competition, the players differ in terms of τ but not a. In this case,
equilibrium effort simplifies to

e∗i =
N − 1

∑N
j=1 τj

− τi

(
N − 1

∑N
j=1 τj

)2

.

Equilibrium effort simplifies as it did in the previous sections. When N = 2,

e∗MvM =
1

4τM
, e∗FvF =

1
4τF

, e∗MvF =
τF

(τM + τF)2 , e∗FvM =
τM

(τM + τF)2 .

and when N = 6,

e∗MvM =
5

36τM
, e∗FvF =

5
36τF

, e∗MvF =
5
9

3τF − 2τM

(τM + τF)2 , e∗FvM =
5
9

3τM − 2τF

(τM + τF)2 .

We assume that τM is consistent with (2), which implies that males have lower cost
of effort, but not such low cost of effort compared to females that they choose not to
participate. In the case of N = 2, this is never a concern. In the case with N = 6, we
require (2/3)τF < τM. Comparing performance under this effort gives the following
result.

Result 5. If males care more about winning or if they get more enjoyment from competing than
females (i.e., aM = aF and τM < τF), then

p∗FvM < p∗FvF < p∗MvF < p∗MvM when N = 2,

p∗FvM < p∗FvF < p∗MvM < p∗MvF when N = 6.

Result 5 satisfies C1, providing an excellent match with the empirical evidence. There-
fore, the observed gender differences in competitive performance may be driven by
males having a higher intrinsic value of winning a contest, or getting more enjoyment
out of competition (and therefore finding effort less costly) compared to females.15

14In both experiments, males and females received the same prizes for winning, therefore differences
in value of winning should be interpreted as differences in the inherent, non-monetary value of winning.

15It is impossible for the analysis to exhaust all possible preference cases, and we recognize that other
preferences may produce results that satisfy the required empirical conditions. These other preferences
will likely have a similar flavor as the male-enjoyment story in Result 5. For example, the performance
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3.6. Players Dislike Losing to Females. We extend the model of competition to consider
the possibility that males dislike losing to females. Suppose that aM = aF = a and
τM = τF = τ. New to the analysis is the assumption that when a males loses to a female,
he experiences a loss of utility equal to h > 0.

In single gender competition, h does not play a role, and e∗MvM = e∗FvF equals 1/(4τ)
when N = 2, and 5/(36τ) when N = 6.

In the mixed gender contests, males exert additional effort to decrease the probability
of losing to a female. Females, on the other hand, do not have any incentive to exert
additional effort, as they have no aversion to losing to a male. They respond by putting in
less effort, anticipating that winning is more difficult given the additional effort exerted
by the males. In the mixed gender competition, when N = 2,

e∗MvF =
(1 + h)2

(2 + h)2τ
>

1
4τ

and e∗FvM =
1 + h

(2 + h)2τ
<

1
4τ

,

and when N = 6,

e∗MvF =
(1 + 3h)(5 + 9h)

9τ(2 + 3h)2 >
5

36τ
and e∗FvM =

5 + 9h
9τ(2 + 3h)2 <

5
36τ

.

A similar analysis can be used to determine performance differences when all players,
including females, dislike losing to females.

Result 6. If males dislike losing to a female, then when either N = 2 or N = 6,

p∗FvM < p∗FvF = p∗MvM < p∗MvF.

If all players dislike losing to a female, then when either N = 2 or N = 6,

p∗FvM < p∗MvM < p∗MvF < p∗FvF.

When players dislike losing to females, the model predicts performance differences
that are inconsistent with the empirical evidence, violating C1 and C2.

3.7. Differences in Risk Aversion. A final explanation we consider involves differences
in risk aversion between males and females. Allowing for this possibility, we adapt
the contest model used above to allow for non-linear utility, similar to the model of
Skaperdas and Gan (1995).

To focus the analysis on differences in risk aversion, we assume that the competitors
are otherwise symmetric, with a = aM = aF, and τ = τM = τF. Competitors have the
same initial resource Y > 0, and as before the value of the prize is normalized to 1. Let
y denote his payout at the end of the competition, where y = Y + 1− τei if he wins,
and y = Y− τei if he loses. Player utility over y exhibits constant absolute risk aversion,
with Ui(y) = − exp(−ρiy). We use exp to denote the exponential function to reduce
confusion with the effort variable. The variable ρi denotes one’s level of risk aversion.
Assuming that females are more risk averse than males means 0 < ρM < ρF.

ordering in Result 5 continues to hold if males enjoy competition more than females, and experience extra
enjoyment when competing against other males. This variation of the male-enjoyment story is consistent
with the behavioral science literature showing that males have a preference for interacting with other
males in competitive settings (e.g., Boyatzis, Mallis and Leon 1999).
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We formally derive the result for this situation in the appendix.16 The player who puts
forth the greatest effort experiences the greatest performance since ability is the same
for all players. In a competition between two same-gender players, equilibrium effort
(and performance) is strictly decreasing in risk aversion. Since ρM < ρF, this implies
that p∗FvF < p∗MvM. In a contest between two different type opponents with close-enough
risk parameters, a player’s effort is strictly increasing in his opponent’s risk aversion.
It follows that p∗MvF > p∗MvM and p∗FvF > p∗FvM. Together, this analysis implies the
following result.

Result 7. If females are moderately more risk averse than males (i.e., ρM < ρF and the values
are not too different), then when either N = 2 or N = 6,

p∗FvM < p∗FvF < p∗MvM < p∗MvF.

This result predicts the exact performance pattern observed in the GNR, and all of the
significant performance orderings observed in the CMP. It does not, however, predict the
same performance effect of opponent gender on male performance that we observe in
the CMP data. Therefore, differences in risk aversion satisfies C2, but fails C1 in one of
the data sets. We therefore see differences risk aversion as a feasible explanation for the
observed performance patters.

3.8. Additional Explanations. In the appendix, we rule out a number of additional ex-
planations involving incorrect beliefs about ability and preference based explanations.
These include situations in which only males or only females underestimate females
or overestimate males, and situations where one’s preference parameter τ depends on
opponent gender.

4. Summary and Conclusion

The literature suggests a number of explanations for the male advantage during com-
petition. We present a game theoretic framework to model these explanations, and
compare the model predictions with empirical evidence about the relative performance
of males and females, and the effects of opponent gender on performance. Doing so
rules out a number of explanations for the male advantage, including explanations in-
volving male overconfidence, misperceptions about male or female ability, and a num-
ber of explanations involving preference differences. Explanations that involve female
under-confidence and differences in risk aversion are consistent with the most signifi-
cant evidence, but fail to predict the exact same performance orderings observed in the
data. Because of this, we view the female under-confidence story and the differences in
risk aversion story as feasible but not perfectly aligned explanations of the performance
patterns.

Table 3 summarizes how well each of the models is aligned with the empirical obser-
vations from GNR and CMP.

Being able to narrow down the set of possible explanations for the male competitive
advantage has implications for the policy debate. Policy makers should recognize that

16The analysis assumes that ρM and ρF are sufficiently close, an assumption that assures an interior
pure-strategy equilibrium exists (see Skaperdas and Gan 1995). The appendix also provides a numberical
analysis to show that the results carry over for larger differences in ρ.
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Table 3. Alignment of theory and evidence

Perfect Perfect
Alignment Alignment Feasible

to CMP to GNR Match

Males are higher ability yes yes yes

Males are over-confident no no no

Females are under-confident no no yes

Players underestimate females no no no
or overestimate males

Males get greater enjoyment yes yes yes
or have lower costs

Players dislike losing to females no no no

Females are more risk-averse no yes yes

the performance differences in competitive settings are unlikely due to misperceptions
about the abilities of oneself or others. Therefore, policies aimed to eliminate stereo-
types, for example, may be unlikely to effectively reduce the observed performance
differences. More effective policies may aim to give females greater exposure to compet-
itive environments at earlier ages, with the intention of improving their ability to deal
with the pressures of competition.

Additional experimental work may be able to narrow down the set of possibilities fur-
ther. Better data, perhaps collected from a larger scale experiment, may allow for more
precise estimates regarding the effects of opponent gender on performance. Empiri-
cally showing that males perform better when competing against males in a two player
contest, for example, would rule out the female under-confidence and the risk aversion
explanation.

Our theoretical analysis has focused on a setting with no heterogeneity within gender
groups, i.e. all males are similar and all females are similar. This assumption assures
that the only asymmetries that arise in the model arise at the group level, which keeps
the analysis as straightforward possible, and allows us to focus on developing the fun-
damental intuition. With that said, such assumptions may be relaxed in future work in
order to further examine within gender performance differences. Allowing ability het-
erogeneity within gender groups would allow an analysis to consider ability-contingent
explanations of the observed performance patterns. For example, one could consider sit-
uations in which only high ability females are under confident or low ability males are
over-confident. Our data is not precise enough for estimating within group performance
distributions, and a significantly larger experiment would be needed. We therefore re-
serve such considerations for future research.17

17Existing evidence does suggest that high and low ability females may respond differently to compet-
itive pressures. Anbarci, Arin and Lee (2014) for example show that high ability females may respond
in similar ways as males to changing incentive. A look at the dynamic performance patterns in Cot-
ton, McIntyre and Price (2013) reveals that the first period male competitive advantage may be driven by
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Finally, our analysis has focused exclusively on performance within a contest. The
literature on gender differences in competitive settings is also concerned with differences
in willingness to select into competitive environments (e.g. Niederle and Vesterlund
2007, Dohmen and Falk 2011). If we incorporated a selection stage at the beginning of
our games, those who anticipated lower competitive performance would be less willing
to enter the contest, at least in the models in which players have correct beliefs about
their performance. This suggests that differences in competitive ability, enjoyment of
competition or desire to win, or risk aversion could all be responsible for females shying
away from competition. However, such an analysis assumes that players will enter the
contest whenever it is rational to do so, and therefore provides no insight into why
females may compete too little, or males may compete too much. Future research may
consider these issues further.
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5. Appendix

5.1. Derivation of equilibrium effort in the initial model. Here we walk through the
analysis to determine the equilibrium effort functions presented in Section 3.1.

For each player i:

Eui =
aiei

∑N
j=1 ajej

− τiei

In equilibrium, each player chooses ei to maximize Eui, while correctly anticipating the
ej of the other players. The first order conditions of player i’s optimization problem are:

∂Eui

∂ei
=

ai(∑N
j=1 ajej − aiei)

(∑N
j=1 ajej)2

− τi = 0

Which we can simplify:

aiei =
N

∑
j=1

ajej −
τi

ai
(

N

∑
j=1

ajej)
2 (5)

Summing aiei over all players gives

N

∑
j=1

aiei = N
N

∑
j=1

ajej −
N

∑
j=1

τj

aj
(

N

∑
j=1

ajej)
2

Solving for ∑N
j=1 ajej, we get

N

∑
j=1

ajej =
N − 1

∑N
j=1

τj
aj

(6)

Substituting (6) into (5) and then dividing both sides by ai gives the equilibrium condi-
tion from the body of the paper

ei =
1
ai

N − 1

∑N
j=1

τj
aj

− τi

a2
i

 N − 1

∑N
j=1

τj
aj

2

(7)

In single gender contests, all N players have the same τ and α, in which case ∑N
j=1

τj
aj
=

Nτ/a and (7) simplifies to

ei =
1
τ

N − 1
N2

Plugging in N = 2 and N = 6 gives the expressions for e∗MvM and e∗FvF in the paper.
In a mixed gender contest (with an even number of players), there are an equal

number of males and females. Therefore, ∑N
j=1

τj
aj

= (N/2)τM/aM + (N/2)τF/aF =

(N/2)(τMaF + τFaM)/(aMaF) and (7) simplifies to

ei =
1
ai

2(N − 1)(aMaF)

N(τMaF + τFaM)
− τi

a2
i

(
2(N − 1)(aMaF)

N(τMaF + τFaM)

)2

.
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where i ∈ {M, F} depending on whether player i is male or female. For a male in the
contest,

eMvF =
2aF(N − 1)(NaMtF − (N − 2)aFtM)

N2(tMaF + tFaM)2

with an analogous result females. Plugging in N = 2 and N = 6 gives the expressions
for e∗MvF and e∗FvM in the paper.

5.2. Differences in Risk Aversion. When player i puts forth effort ei and his opponents
put forth total effort EO, player i earns expected utility

Eui = −
aei

aei + aEO
exp[−ρi(Y + 1− tauei)]−

aEO
aei + aEO

exp[−ρi(Y− τei)].

First order conditions with respect to ei simplify to

EO + τe2
i ρi + τeiEOρi + exp[ρi]EO((ei + EO)τρi − 1) = 0. (8)

Checking second order conditions and verifying that ei > 0 provides higher Eui than
ei = 0 assures that we are solving for a global maximum.

In the rest of the section, we walk through the derivation of Result 7 for the case where
N = 2. Proving the result for the case where N = 6 follows the same method, although
the expression are messier given the additional players. A Mathematica file working
through both the N = 2 and N = 6 cases is available from the authors upon request.

To find the symmetric equilibrium for the case when the two competitors are the
same type, we solve the first order conditions given ei = e−i(= EO), and ρi. This gives
equilibrium effort in MvM and FvF contests.

e∗MvM =
exp[ρM]− 1

2τρM(1 + exp[ρM])
and e∗FvF =

exp[ρF]− 1
2τρF(1 + exp[ρF])

.

Equilibrium e∗ from a single sex contest is strictly decreasing in ρ. Thus, the higher a
gender’s risk aversion, the lower it’s effort and performance in a competition against a
same-type opponent. Thus, e∗MvM > e∗FvF.

We are interested in how e∗MvF and e∗FvM compare to e∗MvM and e∗FvF when there are
only marginal differences between ρM and ρF. To do this, we determine ∂e∗FvM/∂ρF and
∂e∗MvF/∂ρF evaluated at ρF = ρM. Equation (8) my be rewritten for i ∈ {M, F} in a mixed
gender contest:

e∗MvF + τe∗2FvMρF + τe∗FvMe∗MvFρF + exp[ρF]e∗MvF((e
∗
FvM + e∗MvF)τρF − 1) = 0, and (9)

e∗FvM + τe∗2MvFρM + τe∗MvFe∗FvMρM + exp[ρM]e∗FvM((e∗MvF + e∗FvM)τρM − 1) = 0. (10)
In equilibrium, the expressions for e∗FvM and e∗MvF depend on ρF and ρM. Taking the

derivative of (9) and (10) with respect to ρF gives
∂e∗FvM

∂ρF
(1− exp[ρM]) + 2τρMe∗MvF

∂e∗MvF
∂ρF

+ 2τρMexp[ρM]e∗FvM ∂e∗FvM
∂ρF

+

τρM(1 + exp[ρM])(e∗FvM
∂e∗MvF

∂ρF
+ e∗MvF

∂e∗FvM
∂ρF

) = 0
(11)

∂e∗MvF
∂ρF

+ τρFe∗FvM
∂e∗MvF

∂ρF
+ exp[ρF](ρFe∗MvF + ρFe∗FvM − 1) ∂e∗MvF

∂ρF
+

ρFe∗MvF
∂e∗FvM

∂ρF
+ 2τρFe∗FvM

∂e∗FvM
∂ρF

+ τρFexp[ρF]e∗MvF(
∂e∗MvF

∂ρF
+

∂e∗FvM
∂ρF

) = 0
(12)
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We are interested in the signs on ∂e∗MvF/∂ρF and ∂e∗FvM/∂ρF at the point where ρM =
ρF. We substitute into (11) and (12) the values ρF = ρM = ρ and

e∗FvM = e∗MvF = e∗MvM = e∗FvF =
exp[ρ]− 1

2τρ(1 + exp[ρ])
,

and we solve the two resulting equation for ∂e∗MvF
∂ρF

and ∂e∗MvF
∂ρF

. Simplifying gives

∂e∗FvM
∂ρF

∣∣∣∣
ρF,ρM→ρ

=
(3 + exp[ρ])(1 + 2ρexp[ρ]− exp[2ρ])

8ρ2(1 + exp[ρ])2 , (13)

∂e∗MvF
∂ρF

∣∣∣∣
ρF,ρM→ρ

=
(1− exp[ρ])(1 + 2ρexp[ρ]− exp[2ρ])

8ρ2(1 + exp[ρ])2 . (14)

One can show that (1 + 2ρexp[ρ]− exp[2ρ]) < 0 for all ρ > 0. To do this, first notice that
the expression is strictly decreasing in ρv. Plugging in to the expression ρv = 0 gives
the maximum value it approaches as ρv → 0. This value is 0; thus for all ρv > 0, the
expression is negative. Furthermore, note that (1− exp[ρ]) < 0 for all ρ > 0, and that all
other components of (13) and (14) are positive. This means that

∂e∗FvM
∂ρF

∣∣∣∣
ρF,ρM→ρ

< 0 and
∂e∗MvF

∂ρF

∣∣∣∣
ρF,ρM→ρ

> 0.

If females are marginally more risk averse than males, then e∗FvM < e∗MvM < e∗MvF. It
remains to be shown that e∗FvM < e∗FvF. To do this, one can show that

∂e∗FvM
∂ρF

∣∣∣∣
ρF,ρM→ρ

<
∂e∗FvF
∂ρF

∣∣∣∣
ρF,ρM→ρ

,

which implies that a marginal change in ρF decreases e∗FvM by more than it decreases
e∗FvF. Therefore,

p∗FvM < p∗FvF < p∗MvM < p∗MvF.

The above analysis establishes that the performance ordering holds for small enough
differences between ρF and ρM for the case where N = 2. The analysis of the case where
N = 6 follows the same methodology, and is available in a Mathematica file from the
authors.

Below, we present numerical examples showing that at least for the case where N = 2,
the performance ordering holds more generally than for arbitrarily small differences
in risk aversion. For these examples, we assume that v = c = 1 and we calculate
equilibrium effort for both players in a contest for different ρi and ρ−i combinations.
Table 4 reports the equilibrium effort of player i for 25 (ρi, ρ−i) pairs.
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Table 4. Equilibrium Performance of Player i in Risk Aversion Game

ρ−i = 0.25 ρ−i = 0.5 ρ−i = 1 ρ−i = 2 ρ−i = 4

ρi = 0.25 0.2487 0.2490 0.2496 0.2432 0.1882
ρi = 0.5 0.2443 0.2449 0.2471 0.2457 0.1918
ρi = 1 0.2250 0.2259 0.2311 0.2440 0.1984
ρi = 2 0.1549 0.1530 0.1536 0.1904 0.2080
ρi = 4 0.0559 0.0524 0.0460 0.0367 0.1205

Reports the numerical performance measure for player i in the risk aversion game. The calculations
assume v = c = a = 1 for both players.

Consider the following examples, with performance measures taken from Table 4.
• If ρM = 0.25 and ρF = 1, then

p∗FvM = 0.2250 < p∗FvF = 0.2310 < p∗MvM = 0.2487 < p∗MvF = 0.2496.

• If ρM = 0.5 and ρF = 2, then

p∗FvM = 0.1530 < p∗FvF = 0.1904 < p∗MvM = 0.2449 < p∗MvF = 0.2457.

• If ρM = 1 and ρF = 2, then

p∗FvM = 0.1536 < p∗FvF = 0.1904 < p∗MvM = 0.2311 < p∗MvF = 0.2449.

Each of these examples satisfies C2, showing how even substantial differences in risk aversion
between males and females produce predictions that are consistent with the significant empirical
evidence.

5.3. Considering additional explanations. Consider the possibility that only males underesti-
mate female ability. In this case, e∗FvM = e∗MvM = e∗FvF = (N − 1)/(τN2), and e∗MvF is the same
as in the case where both males and females underestimate female ability. Similarly, when only
females underestimate their ability, e∗MvF = e∗MvM = e∗FvF = (N − 1)/(τN2) and e∗MvF is the same
as in the case where both males and females underestimate female ability. One can repeat this
analysis assuming that players overestimate male ability rather than underestimate female ability.
In each of these cases, a player who has misperceptions about ability will also have mispercep-
tions about the competitiveness of mixed-gender contests, and will put in less effort compared
to players with correct beliefs. From this, we derive the following result.

Result 8. If only males underestimate female ability or overestimate male ability, then

p∗MvF < p∗FvM = p∗FvF = p∗MvM whenN = 2,

p∗FvM = p∗FvF = p∗MvM < p∗MvF whenN = 6.
If only females underestimate female ability or overestimate male ability, then in when either N = 2 or
N = 6,

p∗FvM < p∗FvF = p∗MvF = p∗MvM.

Additionally, we can consider differences in preferences, while allowing them to depend on
opponent gender. For example, players may receive greater benefit from winning against a female
opponent. Or, they may enjoy competition against one gender more than against another. In this
section, we consider an alternative model of that allows for such possibilities. To rule out these
explanations, it is sufficient to show that the model fails to predict the significant evidence in the
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CMP data. So we focus on the two player competitions in this section. As before, allow males
and females to differ only in their preference parameter τ. Thus,

e∗FvF = 1
4τFvF

e∗MvM = 1
4τMvM

e∗FvM = τMvF
(τMvF+τFvM)2 e∗MvF = τFvM

(τMvF+τFvM)2 .

There are many cases that the model can consider in which gender differences and preferences
depend on own gender and opponent gender. First, we present results for three situations with
intuitive appeal.

Result 9. If all players care more about winning or get more enjoyment from competing against females
(i.e., τMvF = τFvF < τMvM = τFvM), then

p∗FvM < p∗MvM < p∗MvF < p∗FvF.

If only males care more about winning or get more enjoyment from competing against females (i.e., τMvF <
τMvM = τFvM = τFvF), then

p∗FvM < p∗FvF = p∗MvM < p∗MvF.
If all players care more about winning or get more enjoyment from competing against an opponent of the
same gender (i.e., τMvM = τFvF < τMvF = τFvM), then

p∗FvM = p∗MvF < p∗FvF = p∗MvM.

These models fail to predict the significant evidence in the CMP data, and therefore fails to
satisfy C1 and C2. We can rule out these explanations of the empirical evidence.

Next consider four cases in which opponent gender affects males and females in similar ways.
Consider first the possibility that both males and females enjoy competition more against males
than against females. This is equivalent to the case in which players earn a greater benefit from
winning against a male. This means τH = τFvF = τMvF and τL = τFvM = τMvM, and

e∗FvF = 1
4τH

e∗MvM = 1
4τL

e∗FvM = τH
(τL+τH)2 e∗MvF = τL

(τL+τH)2 .

From these values we can derive the following results.

Result 10. If players value winning or enjoy competing more against male opponents (i.e., τFvM =
τMvM < τFvF = τMvF), then

p∗MvF < p∗FvF < p∗FvM < p∗MvM.
If players value winning or enjoy competing more against opponents of the other gender (i.e., τFvM =
τMvF < τFvF = τMvM), then

p∗FvF = p∗MvM < p∗FvM = p∗MvF.
If males get extra enjoyment from competition against other males (i.e., τMvM < τMvF = τFvM = τFvF),
then

p∗FvM = p∗FvF = p∗MvF < p∗MvM.
If males get less enjoyment from competition against females (i.e., τMvM = τFvM = τFvF < τMvF), then

p∗MvF < p∗FvM < p∗FvF = p∗MvM.

If males get more enjoyment from competition against males, and less enjoyment from competition against
females (i.e., τMvM < τFvF = τFvM < τMvF), then

p∗MvF < p∗FvM < p∗FvF < p∗MvM.
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Each of these possibilities fails to predict the significant evidence in the CMP data, and there-
fore fails to satisfy C1 and C2. They therefore provide a poor explanation for the empirical
evidence.


