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Abstract

The gender gap in competitiveness is argued to explain gender differences in

later life outcomes, including career choices and the gender wage gap. In experi-

mental settings, a prevalent explanation attributes this gap to males being more

(over)confident than females (we call this the compositional channel). While our

lab-in-the-field study using data from students in 53 classrooms (N>1000) repro-

duces this finding, it also uncovers a second, potentially more impactful channel

of confidence contributing to the gender gap in competitiveness (the preference

channel). To disentangle the two channels, we propose a more precise measure of

confidence based on whether the subjects’ believed performance rank exceeds, co-

incides with or falls short of their actual performance in a real-effort task. We label

categories of this Guessed - Actual Performance (GAP) difference as overconfident,

realistic or underconfident, respectively. Surprisingly, there is no gender difference

in competitiveness within the over- and underconfident subgroups, while a signifi-

cant gender gap exists among the realistic. So, even if both genders had the same

level of confidence, a persistent gender gap in preference (or taste) for competition

would remain in the realistic group. This finding is robust across all specifications,

challenging previous theories about the overconfidence of men being the sole driver

of the relationship between confidence and the gender gap in competition.
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1 Introduction

There is a growing body of research showing that men tend to be more competitive

than women (Markowsky and Beblo, 2022; Niederle, 2016). This phenomenon has re-

ceived considerable attention as it provides a potential explanation for gender differences

in career choices (Buser et al., 2014) and labor market outcomes (Goldin et al., 2006;

Bertrand et al., 2010), beyond existing explanations like discrimination, differences in

preferences over jobs, or differences in ability (Polachek, 1981; Cain, 1986; Goldin and

Rouse, 2000). The presence of this gender gap results in a societal loss, because high-

performing women compete too little and less well-performing men compete too much,

and consequently women are less likely to pursue promotions (Babcock and Laschever,

2009) or enter competitive jobs (Bertrand and Hallock, 2001; Flory et al., 2015). There-

fore, it is natural to investigate the mechanisms that contribute to the disparity in

competitive preferences.

In experimental settings, it is a well-established result that performance, confidence,

and risk preferences contribute to the gender gap in competitiveness. Most experimental

studies estimate that, on average, about a third of the gender gap is attributable to

these factors (Van Veldhuizen, 2022; Markowsky and Beblo, 2022), but the variance in

the estimates is considerable. Even though there is no agreement regarding the exact

extent of the contribution of each factor to the gender gap, the nonzero contribution of

confidence as a mediator has been undisputed to date.1 Yet, we know little about the

mechanisms behind the relationship between confidence and gender differences in the

willingness to compete.

The lack of knowledge regarding the underlying mechanisms is not surprising, given

the uncertainty surrounding how to measure confidence in experimental studies. This

uncertainty can be traced back to the seminal paper by Niederle and Vesterlund (2007),

who were the first to establish that gender differences in confidence significantly con-

tribute to the gender gap in competitiveness. They used participants’ believed perfor-

mance rank in a real-effort task as a measure of confidence, and as a mediator of the

gender gap. Numerous subsequent experimental studies, building upon their design,

have largely adopted the same approach: using a measure of believed performance as a

proxy for confidence, often interchangeably referred to as confidence or overconfidence.2

These studies mostly conclude that higher confidence (usually a characteristic of men) is

associated with higher levels of competitiveness (Buser et al., 2014; Dreber et al., 2014;

Niederle and Vesterlund, 2007), speaking to the popular belief that overconfident men

drive the gender gap in competition.

While the approach of using believed performance as a measure of confidence has its

merits, it can be misleading according to the definitions in the psychological literature,

as believed performance alone does not necessarily indicate overconfidence without an

1For instance, Van Veldhuizen (2022) emphasizes the relevance of risk preferences, Lozano and
Reuben (2022) focus more on confidence, and Gillen et al. (2019) consider both factors important.

2See summaries and meta-analyses in Horn et al. (2022a); Markowsky and Beblo (2022); Van Veld-
huizen (2022).
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accuracy benchmark against which guesses can be compared (Moore and Schatz, 2017).

Studies that actually compare beliefs with actual performance distinguish multiple forms

of overconfidence. Among these forms, the relevant one that can be applied within the

Niederle-Vesterlund design framework is overplacement: the exaggerated belief that one

performs better than others (Moore and Dev, 2020; Moore and Healy, 2008). Accord-

ing to Moore and Healy (2008), overplacement is optimally measured by calculating

the difference between one’s believed relative performance rank and the actual relative

performance rank in a specific task.

In this study, we aim to make two contributions. To date, there are no studies we

know of that investigate the mechanisms behind the relationship between confidence

and the gender gap in competition while accurately measuring overplacement in the

Niederle-Vesterlund framework. To bridge this knowledge gap, our first contribution

is to propose a more precise measure for over-, underconfident, or realistic assessments

of one’s own performance in the form of overplacement. More precisely, we differen-

tiate participants as overconfident, underconfident, or realistic based on whether their

believed performance rank exceeds, falls short of or coincides with their actual perfor-

mance rank. We refer to this measure as the ’Guessed-Actual Performance Difference,’

or, in short, GAP. This distinction is key for our second aim which is to disentangle

two channels through which confidence might contribute to the gender gap formation

in competitiveness: a compositional channel and a preference-for-competition channel

(conditional on confidence). In this analysis, we do not only explore how confidence

mediates the gender gap in competition (as it has been customary in the literature) but

we also analyze potential moderation. This is crucial since any results from a mediation

analysis only have limited implications regarding the gender gap formation in compe-

tition. They only isolate part of the mechanisms running through the compositional

channel, showing that if males are on average more (over)confident, they compete more

than females. But what if the distribution of males and females according to confidence

were similar? Would we see similar levels of competitiveness too? We use moderation

techniques to answer these questions. More precisely, we explore whether any gender

gap in competitiveness arises among the over- /underconfident or realistic individuals

by comparing females and males in the same categories of GAP.

We utilize experimental data collected in a series of lab-in-the-field experimental

sessions in Hungarian high schools, and linked to administrative data on students’ school

performance and family background (Horn et al., 2022b). We rely on fixed effect models

in our mediation and moderation analyses, and use matching techniques to check the

robustness of our moderation results. We also check if our findings hold in a dataset

different from ours.

We find a significant gender gap of 11 percentage points in competitiveness, in favor

of male students. Consistent with previous findings, this difference is mediated by con-

fidence using both the traditional measure (believed performance) and our categorical

measure of GAP (both of which are higher for males in our sample). That is, partici-

pants with a higher believed performance, and participants whose believed performance
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exceeds their actual one, are more likely to enter competition. However, our moderation

analysis reveals an interesting result: there is no gender difference in competitiveness

among the overconfident and underconfident groups. In contrast, we find a substantial

gender gap among individuals who accurately evaluate their performance. Specifically,

female students in the realistic group are 14 percentage points less likely to compete

compared to their male counterparts. This finding is robust across all specifications

and indicates that - contrary to previous results - the gender gap in competitiveness

is not entirely driven by the compositional effect imposed by more overconfident men,

but there is another channel, namely a considerable difference in ”taste” or preference

for competition among females and males who have an accurate understanding of their

performance relative to others.

2 Literature review

The computer-based laboratory experiment designed by Niederle and Vesterlund (2007)

aims to test gender differences in competitive preferences and allows to eliminate the po-

tential mediating effects of gender differences in beliefs, risk aversion or other-regarding

preferences. The Niederle-Vesterlund (henceforth, NV) setup has been widely used in

many studies, most of them replicating a robust gender difference in attitudes toward

competition, with females generally exhibiting lower competitiveness (Niederle, 2016;

Van Veldhuizen, 2022).

The NV setup consists of 3 rounds. In each round, participants have to carry out a

real-effort task for a predetermined period of time, and based on their performance, they

earn a certain payout. The first round involves a piece-rate payout scheme, where the

payout is determined by the number of tasks correctly solved in the underlying real-effort

task. The second round employs a competitive payment method, where only the top-

performing quartile of participants receive any payout. In the third round, participants

are given the option to choose between the two payment schemes, which indicates their

competitiveness.

Since our subject pool consists of high school students, here we review briefly what

we know about the gender differences in competitiveness within this group. The over-

whelming majority of experimental studies consistently report a significant gender gap

in competitive attitudes (Booth and Nolen, 2012; Sutter et al., 2016). The difference is

substantial, as highlighted in Buser et al. (2014) where 15 year-old male students exhibit

a 15.8 percentage points higher probability to enter competition than females, even after

controlling for actual performance in the real-effort task. Similar differences have been

reported by Sutter and Glätzle-Rützler (2015), Alm̊as et al. (2016), and Sutter et al.

(2016). There is no clear finding about when the gender difference emerges (Sutter et al.,

2019), but Sutter and Glätzle-Rützler (2015) suggest that they may even grow in ado-

lescence. Additionally, socioeconomic status (SES) potentially has a role as Alm̊as et al.

(2016) find that: i) low-SES male students are less willing to compete than their coun-

terparts from better-off families, ii) there is a gender gap in competitiveness in high-SES
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families, but not in low-SES ones. Dreber et al. (2014) provide suggestive evidence that

the real-effort task employed may also influence competitiveness as females are as likely

to compete as males in tasks where they perform equally well. Other studies hint at

the possibility that there may be cultural factors behind the gender gap in competitive

preferences (Zhang, 2011; Cárdenas et al., 2012; Khachatryan et al., 2015).

As previously mentioned, several factors typically measured in experiments influence

competition entry, such as actual performance, confidence (or believed performance),

and risk-taking. Most studies analyzing gender differences in competitive preferences

examine how these three factors mediate the gender gap. The analytical strategy is

usually built on a regression design, where potential mediators are gradually entered

into a model containing a gender dummy (Van Veldhuizen, 2022). The residual gender

gap, after controlling for all included variables, is interpreted as the net gender difference

in competitive preferences. It is usually estimated that the residual gap is around 70% of

the raw gender gap without controls (meaning that performance, beliefs, and risk-taking

explain around 30% of the raw gap, see the meta-analyses of Van Veldhuizen (2022) and

Markowsky and Beblo (2022)). Markowsky and Beblo (2022) finds that the explained

part in studies closely following the NV setup is slightly higher, on average 38%

Studies typically use the actual and believed performance from the tournament round

(round 2) in the mediation analysis because that round provides participants with in-

formation on how they perform under competitive circumstances. In the NV-setup,

participants usually lack direct knowledge about their actual performance relative to

others (they only know their absolute performance without comparison), but they may

form beliefs about it, which can further influence their competition choice. The vast

majority of studies use their measure of believed performance in the tournament round

as a proxy for confidence (often referred to as guessed rank, or guessed chance to win the

tournament round, see (Markowsky and Beblo, 2022).3 Only three studies employ the

difference between guessed and actual performance as a confidence measure, but solely as

a continuous control without further analysis into any mechanisms (Alm̊as et al., 2016;

Gillen et al., 2019; Zhang, 2019).4 These studies find a zero or positive association be-

tween confidence and competitiveness. Unless otherwise stated, we refer to (actual and

believed) performance and confidence as variables measured in the tournament round

when talking about how they influence competitiveness.

It is generally found that both higher actual (Booth and Nolen, 2012; Buser et al.,

2014; Dreber et al., 2014; Niederle and Vesterlund, 2007; Sutter and Glätzle-Rützler,

2015) and higher believed (Buser et al., 2014; Dreber et al., 2014; Niederle and Vester-

lund, 2007) performance are associated with higher competition entry. The relationship

between performance and competitiveness seems to be stronger for men compared to

women. In the case of women, better actual performance is associated with a less sig-

nificant increase in the likelihood of entering a tournament, and the largest gender gap

3Buser et al. (2021) explain that guessed rank and guessed chance to win can be translated into each
other, which makes the two measures practically identical.

4Gillen et al. (2019) only use this variable to control for a potential measurement error in the guessed
rank.
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is often observed among the best-performing female participants (Sutter and Glätzle-

Rützler, 2015). The positive relationship between believed performance and tournament

entry is also more pronounced for men than for women (Niederle and Vesterlund, 2007;

Alm̊as et al., 2016). Furthermore, it has also been documented that males tend to

have significantly higher believed performance compared to females (Buser et al., 2014;

Dreber et al., 2014; Sutter and Glätzle-Rützler, 2015).5

In this paper, we take an extra step from barely using believed performance as

a measure of confidence and define confidence based on whether the believed relative

performance rank is higher, equal or lower than the actual performance rank (see a

detailed description in the Data section) and explore if the gender gap in competition

is mediated and moderated by this factor.

Lastly, risk aversion is another important factor that influences competition entry.

The literature indicates that females tend to be more risk averse than males (Buser

et al., 2014; Dreber et al., 2014; Khachatryan et al., 2015), which may contribute to

the gender gap to compete. But even after controlling for the gender differences in

performance, beliefs and risk aversion, a significant residual gender gap in competition

usually persists (Buser et al., 2014; Sutter and Glätzle-Rützler, 2015; Alm̊as et al., 2016;

Van Veldhuizen, 2022). However, some studies find non-significant residual gaps (Gillen

et al., 2019; Dreber et al., 2014; Zhang, 2019).

3 Data

Between March 2019 and March 2020, we conducted a series of incentivized lab-in-the-

field experiments to measure the time, risk, social and competitive preferences of 1108

Hungarian high school students. These students were enrolled in 53 school classes, which

are groups of students who study most subjects together and spend a significant amount

of time at school together. We visited a total of 9 schools and collected data from entire

classrooms. Our data was then linked to the database of the National Assessment of

Basic Competences (NABC), which provided us with background information on the

students’ standardized test scores, school grades, and socioeconomic status (Balázsi and

Ostorics, 2020).

3.1 Experimental procedures

Before starting the project, we contacted all education providers in Hungary that main-

tained at least one secondary school to request permission to run the experiment in

their institutions. The schools that ultimately participated either volunteered after

5There are instances when the piece-rate performance is associated with competitive preferences.
Almås et al. (2016) show that this association is positive, while Niederle and Vesterlund (2007) find
that higher actual performance in the first round means higher competitiveness only for males. Using the
believed performance in the piece-rate round, Almås et al. (2016) find a less consistent association, with
only males showing a positive and linear relationship between beliefs and competitiveness. Additionally,
Niederle and Vesterlund (2007) report a less pronounced gender gap in these beliefs compared to believed
tournament performance.
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learning about our request from their maintainer or were referred to us by the educa-

tional provider. We sent a data protection statement to the students and their parents

in these schools, assuring them that the experiment was voluntary.

We provided laptops that we unpacked in a designated classroom on experiment

day. The experiments were conducted using the z-Tree software (Fischbacher, 2007).

Since we measured whole classes, with participants in each session being familiar with

each other, we adjusted the beginning of the experiments to the beginning of the school

lessons. This allowed the groups to take turns approximately every hour. In Hungarian

schools, there are 45-minute lessons and 10-15-minute breaks, which were our only time

constraints.

When entering the room, students were free to sit wherever they wanted. First,

one researcher explained the rules of the experiment. Students could also read these on

the first screen of the experiment. Participants were asked to engage in 8 tasks, some

of them involving multiple decisions or even some interaction with their peers in the

classroom. The experiment was incentivized. Everyone who completed a session received

meal vouchers that could be used in the school cafeteria as cash. Once all participants

finished the tasks, the program randomly selected one task (specifically, one round if the

task involved multiple rounds of decisions), and we distributed vouchers based on the

decisions made in this particular task/round. We emphasized that the payoff-relevant

task would be the same for everyone in the classroom. The experiment was designed so

that the expected value of payoffs was 1000 HUF (approximately 3 EUR), equivalent

to the price of a full meal in an average school cafeteria at that time. No additional

show-up fee was provided.

We measured time and risk preferences using individual tasks, where the payoffs

solely depended on individual decisions. However, for assessing social preferences, we

employed tasks that involved strategic interactions, where the payoffs were determined

by the decisions of two participants. We used z-Tree (Fischbacher, 2007) to randomly

create student pairs at the end of the experiment, after collecting information about

each student’s decision in each situation.6 This procedure was also explained at the

beginning of each session.

3.2 Experimental tasks

All participants made decisions in 8 tasks in a given order. Tasks 1 and 6 were designed

to measure time preferences and involved 5 interdependent choices between earlier and

later amounts of money. Tasks 2 and 3 measured altruism using the dictator game, where

participants made decisions towards a classmate in task 2 and a random schoolmate in

task 3. Risk preferences were assessed in task 4 using the bomb risk elicitation task

(Crosetto and Filippin, 2013). Task 5 utilized a two-person variant of the public goods

6For example, in the two-person public goods game, each participant had to make a choice regarding
how much they wanted to contribute to the common project. If this decision was selected for payment, at
the end of the experiment, z-Tree randomly paired participants together, and the payoffs were calculated
based on their decisions.
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game to measure cooperation. Trust and trustworthiness were measured in task 7 using

the investment game by Berg et al. (1995). Finally, task 8 was designed to assess the

competitiveness of the participants.7 Before the last task, we did not provide feedback

to participants after any of the tasks to prevent the possibility that the result of one

task might affect their decision in subsequent tasks.

To measure competitiveness, we used the standard NV-setup, but instead of adding

up numbers we chose a different real-effort task.8 Participants were presented with 5x5

matrices containing zeros and ones, and had to count the zeros in them.9 In each stage

of the game, they had 1 minute to complete as many matrices as they could (see the

zTree instructions in Appendix A).

The task started with the piece-rate stage in which participants were paid 100 HUF

(∼ 0.3 EUR/USD at the time of the experiment) for each correctly completed ma-

trix. Stage 2 involved a tournament in which only the best-performing quartile of the

classroom was rewarded for the counting exercise.10 However, participants in the best-

performing quartile earned 4 times more per matrix solved compared to stage 1. After

both stage 1 and stage 2, we provided participants with feedback regarding their abso-

lute performance (i.e., the number of correctly completed matrices) and their (potential)

earnings. However, they were unaware of their performance relative to others. In stage

3, participants had the option to either receive compensation based on the piece-rate

scheme (as in stage 1) or to enter the tournament and receive payment as in stage 2.

As is customary in experiments that use the NV-setup, we informed participants

that if they chose the tournament-based payment scheme, their performance would be

compared to that of others in round 2 (that is, in the tournament stage). This practice

prevents unwanted strategic considerations, such as participants choosing the tourna-

ment based on their beliefs about others’ choices.11 By allowing participants to compete

against predetermined tournament scores, we ensure that competitive preferences are

not influenced by the choices of others but rather by participants’ beliefs about their

relative performance (informed by their performance in round 2) and their preference

for competition.

After stage 3, we asked participants to rank themselves according to their believed

performance in stage 1 and 2 relative to their classmates. The ranking options were:

quartile 1, 2, 3 or 4, where quartile 1 meant being among the best performing students.

To obtain considered answers, this belief was incentivized by paying 300 HUF (cca 1

EUR) to those who guessed their performance correctly (but only if the final payout

was based on one of the first two rounds of the competition game).

7See a more detailed description of the tasks in Horn et al. (2022b), including our reasons to choose
the order of tasks.

8We are very grateful to Lise Vesterlund who shared their z-Tree code with us.
9Among others, Abeler et al. (2011) use the same task.

10Niederle and Vesterlund (2007) used groups of four during the competition, and only the best
performer was paid.

11For instance, someone would (not) choose the tournament because she thinks she has a good chance
of outperforming those who decide to compete in the third round. Conversely, someone might opt out
of the competition because she believes that if she participates and wins, others receive lower rewards.
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3.3 Measure of confidence: categories of the Guessed-Actual

Performance difference (GAP)

To obtain our categorical measure of confidence, we take the difference between the

believed (or guessed) and the actual performance ranks in the tournament stage. We

classify students as overconfident, realistic or underconfident based on whether this dif-

ference is positive (believed > actual performance), zero (believed = actual performance)

or negative (believed < actual performance), respectively. To facilitate easier descrip-

tion, we will refer to this classification as categories of GAP. GAP measures confidence in

the form of overplacement of own performance relative to others by taking the difference

between two relative performance ranks.

3.4 Control variables

We have data on age, gender, family background, and academic performance of the

participants from the NABC database. The variables related to family background

include parents’ education and the father’s employment status. Regarding academic

performance, we have information i) on the standardized mathematics and reading test

scores measured in grade 6 (around age 12), and ii) on teacher-given grades (including

GPA) from grade 6.

Information on age and gender is nearly complete. However, for approximately 16%

of the participants, family background information is missing, and for around 24% of the

participants, school grades are missing, because these were self-reported in the NABC

questionnaire.

Categorical family background variables have been converted into dummy variables,

with a separate category for missing values. As to grades, missing values are imputed

with the sample mean, and a separate missing dummy variable has been included to

account for these missing values.

4 Results

4.1 Descriptive analysis and balance tests

First, we conduct a balance test by gender, which includes participants’ family back-

ground, test scores, grades, and the experimental variables, such as performance in the

the piece-rate and tournament games, believed performance (guessed rank), categories

of GAP, and preferences towards risk and competition. Table 7 in Appendix B contains

the descriptive statistics and results of the balance test.12

12We test randomization of these variables by gender using within-class balance tests. For each
variable listed in the first column of Table 7, we perform separate regressions with the variable as
the dependent variable and the female dummy variable as the independent variable. We control for
classroom fixed effects throughout the analysis. The coefficients of the female dummy variable from these
regressions are reported in the balance test column, with statistically significant differences implying
imbalance.
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The balance tests indicate that, conditional on class fixed effects, female participants’

parents are more likely to have a medium-level education compared to males’ parents,

but not less or more educated. Additionally, fathers of female participants are more

likely to be self-employed than fathers of male participants. Even though the average

test scores in mathematics and reading are higher for males, the within-class differences

from the balance tests show a slightly different picture. Male participants have higher

mathematics test scores, but female participants have higher GPA within the class, which

is likely driven by their higher grades in Hungarian literature and grammar. Regarding

school performance, the within-class gender differences resemble the patterns observed

in the total population.13 The inclusion of class fixed effects makes a difference because

there is considerable sorting between classrooms in Hungarian schools. Thus, we use

class fixed effects and control for family background variables throughout our analyses

(but also present robustness checks by dropping them). Using class fixed effects also

accounts for the fact that participants were competing against their classmates.

Gender differences are also evident in the experimental measures (see all measures

mentioned in this paragraph in Table 7 in Appendix B). Males outperform females

in both rounds of the competition game and also have a higher believed performance

(measured by the guessed quartile, where 1 is the best) as more males than females

believe to be in the upper quartiles. Table 1 provides a detailed breakdown of the

number of participants and share of females by actual and believed performance rank.14

Males are also more risk-taking than females. Roughly 56% of females and 66% of

males choose to compete in round 3, so we observe an 11 percentage points gender gap

in competitiveness within classes.

Table 1: Share of females (expressed on a 0-1 scale) and number of participants within
actual-believed performance cells

Guessed rank
Actual rank (quartiles) 1 2 3 4 Total
1 0.32 0.60 0.78 0.83 0.50

142 124 41 6 313
2 0.30 0.61 0.64 0.61 0.53

81 136 72 18 307
3 0.39 0.61 0.69 0.58 0.60

31 120 72 24 247
4 0.53 0.61 0.61 0.77 0.64

15 72 90 44 221
Total 0.33 0.61 0.67 0.70 0.56

269 452 275 92 1088

Note: share of females in each cell shows the proportion of students in the cell that is female (in cell
[1,1] 32% of the 142 students is female). Cells in the Total coloumns show the proportion of females
out of those students who were ranked 1st/2nd/3rd/4th according to either their actual or guessed

performance.

13Female participants in Hungary perform better than males in grammar and literature, and males
perform better in mathematics. For details, see Hajdu et al. (2022)

14Based on the breakdown in Table 8 in Appendix B, 38% / 37% / 19% / 6% of males believed
to be in quartile 1 / 2 / 3 / 4 respectively, compared to a corresponding 15% / 45% / 30% / 10%
of females. The Kolmogorov-Smirnov test indicates that the distribution of the believed performance
differs significantly by gender (p-value<0.0001).
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Males not only have better average performance but also outperform females in every

performance quartile, both in terms of actual and believed performance (see Table 8 in

Appendix B). However, while a slightly larger proportion of males compete in each quar-

tile based on actual performance, based on believed performance, males only compete

more in the top two quartiles. These within-quartile gender differences in competi-

tion are not statistically significant, as indicated in Figure 1 which plots females’ and

males’ predicted competitiveness by actual and believed performance quartiles, condi-

tional on classroom fixed effects. However, both higher actual and believed performance

are clearly associated with a greater willingness to compete in both gender groups.

Figure 1: Competitiveness by gender and by actual and believed performance in the
tournament game
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Note: predictions from a linear probability model conditional on classroom fixed effects, 95% CI. Rank 1 means the best performing quartile.

Predicted competitiveness by actual and believed rank
in the tournament game

Our descriptive results are mostly in line with the literature. Males perform better,

have higher believed performance and compete more in the competition task, and there

is a positive association between actual / believed performance and competitiveness for

both genders. Although there is a slightly larger gender difference in competitiveness

among the better performing students, we cannot observe any significant gender gap in

the willingness to compete based on performance quartiles.

Moving on to statistics on categories of GAP: our sample, on average, exhibits slight

overconfidence. Among all participants, 26% are underconfident, 36% are realistic, and

37% are overconfident. A larger proportion of females are underconfident compared to

males (30% vs 21%, respectively), and a larger proportion of males are overconfident

relative to females (40% vs 35%, respectively, see Table 7 in Appendix B). Consequently,
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on average, males are more overconfident than females, as they tend to overestimate their

relative performance to a greater extent.

Note that while the relationship between actual (believed) performance and competi-

tion entry is intuitive (higher actual (believed) performance should go hand in hand with

higher tournament entry), and this relationship is supported by the data, it is not clear

how our confidence classification is related to the willingness to compete. An overconfi-

dent participant has a high believed performance (which should encourage tournament

entry) relative to a lower actual performance (which discourages competition entry), re-

sulting in unclear behavior. The opposite is true for underconfident participants. On the

other hand, realistic participants have their believed and actual performances aligned, so

both performance measures work in the same direction. Testing the moderating role of

confidence (as categories of GAP) might shed some light on the underlying mechanisms.

In Figure 2, we present a plot of predicted competitiveness by categories of GAP using

LPM models that describe competition entry as a function of gender and confidence

while controlling for class fixed effects. The dependent variable in these models is a

binary variable where 1 corresponds to students choosing to compete in the 3rd round,

and 0 corresponds to students opting not to compete. Our analysis reveals that the

only statistically significant gender gap in competition is between males and females

who evaluate their tournament performance realistically. These findings confirm that,

when examining the factors driving the gender gap in competition, it is crucial to focus

on categories of GAP, rather than relying solely on actual and believed performance.

Figure 2: Competitiveness by categories of GAP and gender
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4.2 Mediation

First, we test if confidence mediates the competitiveness gap by using believed perfor-

mance as a proxy for confidence, then we proceed by testing categories of GAP as a

mediator.

The analysis builds on regression models and follows the analytical strategy widely

used in the literature. We run a linear probability model to explain the competitiveness

dummy in subsequent specifications. In each step, we introduce an additional control to

see how the control impacts the gender gap in competition. Figure 3 displays the coef-

ficient of the female dummy across different specifications, facilitating easy comparison.

We use believed performance as a mediator in this analysis.

The first coefficient comes from a bivariate regression, where the only independent

variable is the female dummy. This coefficient reveals the raw gender gap in competition,

which amounts to 10 percentage points. In the second model, class fixed effects are

included, resulting in a gap of 11 percentage points. These fixed effects are retained

in all subsequent models. Legends indicate the extra controls added at each step (in

addition to those incorporated in previous steps).

After adding classroom fixed effects, the gender gap remains largely unchanged,

even when accounting for age, family background (parental education), cognitive skills

(standardized national test scores in math and reading), and GPA.

Figure 3: Female dummy coefficients from the mediation analysis
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However, when controlling for actual performance in the tournament game, the gen-
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der gap decreases from 11 percentage points to 8.2 percentage points. Furthermore,

when believed performance is added as a control variable, the gender difference becomes

statistically non-significant, with a point estimate of 3.3 percentage points (see Table

9 in Appendix B for detailed regression results). Risk preferences do not change the

gap much after beliefs have been controlled for. These results are robust to dropping

controls for family background, cognitive skills and GPA from the analysis (see Figure

13 in Appendix B).

We repeat the mediation analysis using categories of GAP as a mediator instead of

believed performance. This analysis leads to very similar results, as depicted in Figure

4 (and the regression output in Table 10 of Appendix B presents further information.)

After controlling for categories of GAP, the gender gap in competition becomes statisti-

cally non-significant at the 5% significance level, with a point estimate of 5.6 percentage

points. Similarly to the results from the first mediation analysis, these findings are also

robust to dropping controls for family background, cognitive skills and GPA from the

analysis (see Figure 14 in Appendix B).

Figure 4: Female dummy coefficients from the second version of the mediation analysis
using categories of GAP as a mediator
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Our analysis confirms that confidence, in both its forms (used as pure beliefs or as

categories of GAP), serves as a significant mediator of the gender gap in competition,

in line with the findings of the literature. After controlling for actual performance,

beliefs/categories of GAP and risk aversion, the gender gap decreases to 25% and 45%

of the initial within-class gap in our two specifications. These residual gap sizes are in
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the lower half of the residual gap distribution based on comparable studies (as depicted

in Figure 1 of Van Veldhuizen (2022)), and they are close to the result of the original

study by Niederle and Vesterlund (2007).

As shown in Table 10 of Appendix B, higher level of GAP have a statistically signifi-

cant positive effect on competitiveness. Realistic / overconfident participants are around

11 / 26 percentage points more likely to enter competition compared to underconfident

participants, ceteris paribus. Thus, if males are more overconfident than females (which

they are), it contributes to widening the gender gap in competition. This represents the

compositional channel.

4.3 Moderation analysis

4.3.1 Regression-based approach

Our moderation analysis essentially compares female and male participants who are in

the same category of GAP. The purpose of this analysis is to provide further insight into

the mechanisms underlying the relationship between confidence and the competitiveness

gap while controlling for any variations in GAP between gender groups.

We use two different models, the first of which is an interaction model. We regress

competitiveness on the interaction of the female dummy and the categories of GAP,

controlling for the same variables as in the last specification of the mediation analysis

(class FE, age, family background, cognitive skills and GPA, tournament performance

and risk aversion). In the first column of Table 2, we report the marginal effects of being

female by categories of GAP, conditional on performance and risk aversion.

As a comparison, we run separate regressions within subgroups based on different

categories of GAP. In these regressions, we control for the same variables as before (class

fixed effects, age, family background, cognitive skills, GPA, tournament performance,

and risk aversion). We then report the female dummy coefficients from these three

models in columns 2-4.15

Both the interaction model and the subgroup analysis yields the same result: among

participants who evaluate their performance realistically, we observe a gender gap of

13.9 percentage points in competitiveness. However, in the underconfident and overcon-

fident groups, we do not find a significant gap in competitiveness. These findings are not

sensitive to excluding any controls from the models (see Figures 15, 16 and 17 in Ap-

pendix B illustrating how the gender gaps change within categories of GAP when (not)

including different sets of controls in the subgroup-based models. The interaction-based

results are also robust to dropping controls, output is available upon request).

Our moderation analysis suggests the presence of another important channel through

which confidence might widen the gender gap in competition: the preference-for-competition

channel, more precisely the gender difference in the willingness to compete among real-

istic participants.

15Running regressions on a split sample allows the confidence variable to interact with not only the
female dummy variable but also with every control variable included in the analysis.
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Table 2: Results from the regression-based moderation analysis

Interaction
model

Underconf.
subgroup

Realistic
subgroup

Overconf.
subgroup

Coefficient:
female 0.093 -0.139*** -0.028

(0.085) (0.043) (0.066)

Margins of female:
Underconf. 0.087

(0.070)
Realistic -0.139***

(0.042)
Overconf. -0.056

(0.057)

N 1073 283 388 402
R2 0.245 0.393 0.245
Robust standard errors in parentheses
*** p<0.001, ** p<0.01, * p<0.05

Note: Interaction model : the female dummy is interacted with categories of GAP. Marginal female
effects are reported by confidence group. Subgroup models: a separate regression is run for each

confidence group. Female dummy coefficients are reported. In all four columns classroom FE, age,
family background, test scores, GPA, real performance in the tournament, and risk preferences are

controlled for.

4.3.2 Robustness checks using matching

In this section, we use matching to create sufficiently similar gender groups in order to

test the effect of gender on competitiveness and perform moderation analysis. Compared

to regression models, matching provides a more flexible way of controlling for various

factors without requiring specific assumptions about functional forms.

We use kernel-based propensity score (PS) matching with regression adjustment,

making our estimations doubly robust. Doubly robust estimators essentially combine

two different models: one for estimating the exposure to treatment (PS model to esti-

mate propensity scores or weights), and another for estimating the outcome of interest

(competitiveness in our case) using the propensity scores obtained from the PS model.

Although both outcome regression and PS matching without regression adjustment can

be used separately to estimate causal effects (assuming unconfoundedness), they are

only unbiased if the single statistical model is correctly specified. When using a doubly

robust estimator that combines two models, it is sufficient to correctly specify one of

them to obtain an unbiased estimate (Funk et al., 2011).

We match female and male students based on the control variables used in the

mediation analysis (age, parental education, test scores, GPA, tournament performance

in the experiment, risk taking and categories of GAP). We also use the same variables in

the regression adjustment. To account for the multilevel nature of the data (participants

nested in classrooms) cluster fixed effects can be applied to either the PS model or the

outcome model. Su and Cortina (2009) and Li et al. (2013) found that applying them

in both models reduces bias the most. Therefore, we control for class fixed effects in

both the PS model and the regression adjustment.

Similar to the analysis in the previous section, we use an interaction-based and a
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subgroup-based approach to test for moderation. As described by Green and Stuart

(2014), both approaches are suitable for successfully balancing the subgroups when

using matching.

In the interaction-based approach, we perform matching using the whole sample

while requiring exact matching on categories of GAP, to ensure that matched pairs are

from the same subgroup. We estimate three gender gaps by including an interaction

term between gender and categories of GAP in the outcome regression, and then predict

the marginal effects of gender at different levels of GAP. This technique is particularly

effective when using small samples (such as ours), where matching in separate subgroups

might be done with greater uncertainty and data loss (Wang et al., 2018).

Figure 5: Covariate balance between males and females before and after matching in
the whole sample

Age (in months)

parental ed.: missing

parental ed.: medium

parental ed.: high

Math score, 6th grade

Reading score, 6th grade

GPA, imputed

GPA, missing

performance in tournament

Risk

−.6 −.4 −.2 0 .2 .6 .8 1 1.2 1.4

Std. mean difference Variance ratio

Raw Matched

Note: Raw values mean balance between genders before matching. Matched values mean balance after
matching.

Covariate balance after matching is reported in Figure 5. None of the covariates

exhibit a standardized mean difference greater than 0.1 between the matched gender

groups, which is a commonly used cutoff in the literature to assess dissimilarity (Stuart

et al., 2013; Zhang et al., 2019).

The marginal effects of gender from our interaction-based outcome model yield con-

sistent results with the regression-based moderation analysis. No gender gap is observed

in the underconfident and overconfident groups. However, we observe a 14-15 percentage

point gap among individuals who evaluate their relative performance realistically (see

column 1 in Table 3).
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These findings are corroborated by the subgroup-based approach, where we perform

matching and estimate the effect of gender in each GAP category separately (see Figure

18 in Appendix B for covariate balance in each subgroup). Female participants who

assess their relative performance realistically are 15 percentage points less likely to enter

competition compared to their male counterparts, but no difference is observed in the

other two subgroups (see column 2 in Table 3). This indicates that the results are robust

across all moderation approaches, despite the fact that within-subgroup matching comes

with a greater share of observations where no match could be found (see Tables 12 and

13 in Appendix B for matching statistics).

Table 3: Results from the matching-based moderation analysis

Interaction Subgroups

Margins of female Female gap 1 Female gap 2 Female gap 3

Underconf. 0.078 -0.007
(0.067) (0.114)

Realistic -0.143** -0.153**
(0.046) (0.048)

Overconf. -0.006 -0.047
(0.051) (0.069)

N 1064 1073
Robust standard errors in parentheses
*** p<0.001, ** p<0.01, * p<0.05

Note: Interaction: matching performed using the joint sample by requiring exact matching on
categories of GAP. Three gender effects estimated by including an interaction of gender and categories
of GAP in the outcome model, and predicting the marginal effect of gender by GAP levels. Subgroup:

matching performed and gender effect estimated separately in each GAP group.

4.3.3 Robustness checks using another dataset

To further test the robustness of our arguments regarding moderation, we use data from

a similarly designed experimental task of Sutter et al. (2016).16 Whilst their setup

differs in many aspects from ours, the most important features of the design are similar.

They also conduct the Niederle and Vesterlund (2007) experiment within small groups of

teenagers, and importantly, both the believed and actual performance of the subjects are

available so that categories of GAP can be replicated.17 The most important differences

between their study and ours are the following:

• their sample of students comes from grade 5, 8 and 11

• their sample size is much smaller (N=246 as we have only kept the control group

from their sample)

• their experiment was run in 4 schools and everyone from the same grade and same

treatment group sat together (which essentially means that students from the same

16We are very grateful to Daniela Glätzle-Rützler for providing the necessary data in anonymized
form for this robustness test.

17We were unable to get data for any other Niederle and Vesterlund (2007) experiments with teenagers
where the GAP measure can be replicated.
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grade sat together in the treatment group we use)

• students were grouped into groups of 6 (and not groups of 4) during the competi-

tion

• students did not get any feedback on their absolute performance until the very

end of the experiment (so their beliefs regarding relative performance were elicited

before getting feedback on absolute performance)

• they find no gender difference in actual tournament performance

• there is no classroom or group ID in the data (hence we cannot control either for

group fixed-effects or cluster standard errors on groups level)

• there is no data on social background or school performance or any other preference

(i.e. risk).

Nevertheless, since the moderation results using our original data were robust to

different specifications and to using regression (see Table 2) or matching (see Table 3)

we believe that a comparison of the descriptive results using our data and that of Sutter

et al. (2016) is meaningful.

Figure 6: Competitiveness by categories of GAP and gender - data from Sutter et al.
(2016)
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Note: predictions from a linear probability model, 95% CI

Predicted competitiveness by categories of GAP

Figure 6 is a direct reproduction of Figure 2 using the data from Sutter et al. (2016).

There are minor differences between the figures (e.g. albeit insignificantly, underconfi-

dent males in the Sutter et al. (2016) sample are more competitive than females even on
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Table 4: Results from the regression-based moderation analysis - Sutter et al. (2016)
data

Interaction
model

Underconf.
subgroup

Realistic
subgroup

Overconf
subgroup

Coefficient:
female -0.154 -0.275** -0.106

(0.100) (0.094) (0.092)

Margins of female:
Underconf. -0.186*

(0.094)
Realistic -0.278**

(0.097)
Overconf. -0.105

(0.090)

N 246 82 78 86
R2 0.121 0.405 0.194
Robust standard errors in parentheses
*** p<0.001, ** p<0.01, * p<0.05

Note: Interaction model : the female dummy is interacted with categories of GAP. Marginal female
effects are reported by categories of GAP. Subgroup models: a separate regression is run for each

category of GAP. Female dummy coefficients are reported. In all four columns school-grade and real
performance in the tournament are controlled for.

the right-side graph, while in our sample it is the other way around. The main takeaway,

however, is the same: realistic males are more competitive than females, and the gender

gap is the most pronounced in that group.

This message remains if we replicate our regressions from Table 2. Table 4 shows

that the gender gap is the largest among the realistic.18

4.4 Breaking down the gender gap in competition among the

realistic

Our original results point towards a more nuanced explanation of the gender gap in

competition than simply males being more overconfident and hence competitive than

females. There is a substantial gender gap in competition among participants who

evaluate their performance realistically. To further examine these differences, Table 5

focuses on the realistic group and presents a breakdown of gender differences in com-

petitiveness based on performance rank. Note that in all quartiles except the second

one, females compete more than males. In the second best-performing quartile, 72%

of male participants enter the competition, while the corresponding share of females is

only 48%.

This indicates that realistic males are substantially more likely to compete when

they perform above the median compared to when they are below it (so comparing the

second quartile (Q2) to the third quartile (Q3)). In contrast, realistic females refrain

from participating in competition unless they are in the top quartile. This finding cannot

be driven by the higher performance of males, as the gender difference in performance is

18Note that the significant gender differences in Table 4 column (1) among the underconfident might
be due to the lack of proper controls, such as group IDs, family background or test scores.
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Table 5: Means (M) and Standard Deviations (SD) of the competitiveness dummy by
gender and performance rank in the realistic group (number of students in each cell is
in parenthesis)

Rank in tournament game (quartiles)
1 2 3 4 Total

male competitiveness
M 0.95 0.72 0.27 0.20 0.76
SD 0.22 0.45 0.46 0.42 0.43
N (97) (53) (22) (10) (182)

female competitiveness
M 0.96 0.48 0.32 0.26 0.51
SD 0.21 0.50 0.47 0.45 0.50
N (45) (83) (50) (34) (212)

Total
M 0.95 0.57 0.31 0.25 0.62
SD 0.22 0.50 0.46 0.44 0.48
N (142) (136) (72) (44) (394)

a bit smaller in the second than in the third quartile in the realistic group (see Table 14

in Appendix B). However, females do not compete less than males in any of the quartiles

except for the second one.

Thus, the gender gap observed in the realistic group can be interpreted as the dif-

ference in taste or preference for competition between realistic females and males which

represents a distinct channel from the compositional one (more males being overconfi-

dent). Realistic males prefer to compete if they are in the better-performing half of the

class, whereas realistic females exhibit a preference for competition only when they are

among the highest-performing participants 19.

5 Decomposing the total gender gap in competitive-

ness

In this section, we carry out a decomposition exercise to separate the previously men-

tioned channels in explaining the total raw gender gap in competitiveness: the gender

difference in confidence/levels of GAP (composition channel) and the gender difference

in the willingness to compete (preference or taste channel).

Let sji denote the share of j = m, f (m denoting males, and f females) in the group

i = o, r, u (o denoting overconfident, r realistic, and u underconfident). Hence, sfr

represents the share of females that are in the realistic group. Note that sfo +sfr +sfu = 1

and smo + smr + smu = 1, so any female (male) is in a group.

Let cji denote the proportion of j = m, f (m denoting males, and f females) that

competes in the group i = o, r, u (o denoting overconfident, r realistic, and u undercon-

fident). Hence, cfo indicates the proportion of females that compete in the overconfident

group.

The overall share of females and males competing can be written as (sfo ×cfo )+(sfr ×
19Note: there was no feedback on performance levels between the rounds
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cfr ) + (sfu × cfu) and (smo × cmo ) + (smr × cmr ) + (smu × cmu ), respectively. That is, for both

genders we weigh the willingness to enter competition in a given group by the share of

participants in that group, and aggregate across groups. As a consequence, the gender

gap in competitiveness can be written as

competitiveness of males︷ ︸︸ ︷
[(smo × cmo ) + (smr × cmr ) + (smu × cmu )]−

competitiveness of females︷ ︸︸ ︷[
(sfo × cfo ) + (sfr × cfr ) + (sfu × cfu)

]
=[

(smo × cmo ) − (sfo × cfo )
]

︸ ︷︷ ︸
gender gap in comp. in the overconf.,

+
[
(smr × cmr ) − (sfr × cfr )

]
︸ ︷︷ ︸

...realistic,

+
[
(smu × cmu ) − (sfu × cfu)

]
︸ ︷︷ ︸

and underconf. groups

.
(1)

The first line in equation 1 is just the gender difference between males and females,

while the second line displays the gender gap by categories of GAP. Note that the gender

gap has two sources: gender difference in the shares of being in a given category of GAP,

and gender gap in the willingness to compete in a given category of GAP.

The second line in (1) can be rewritten as

cmo × (smo − sfo ) + sfo × (cmo − cfo )+

cmr × (smr − sfr ) + sfr × (cmr − cfr )+

cmu × (smu − sfu) + sfu × (cmu − cfu).

(2)

The first term in the first line of expression (2) represents the portion of the overall

gender gap in competitiveness due to the gender difference in the share of participants

in the overconfident group (smo − sfo ), assuming that both males and females in this

group are equally likely to enter competition (a likelihood equated to that of males,

cmo ). The second term in the first line captures the part of the overall gender gap in

competitiveness that can be attributed to the difference between males and females in

the overconfident group in their willingness to compete (cmo − cfo ), assuming that the

same share of males and females (equal to the share of females, sfo ) is in the overconfident

group.

The second and third lines follow the same logic, but apply to the realistic and

underconfident groups, respectively. Therefore, the first and second terms in the second

and third lines capture the gender differences in the share of subjects and the willingness

to compete within the realistic and underconfident groups, respectively.

The existing literature highlights the importance of the first term in decomposi-

tion (2). It captures the idea that there are more overconfident males than females

(smo > sfo )).20 The second term adds that in the overconfident group, potentially males

and females are not equally likely to enter competition. Our main finding points out

that the second term in the second line of decomposition (2) is also relevant, reflecting

the gender difference in the willingness to compete in the group of realistic participants.

Additionally, decomposition (2) illuminates that gender differences in the share of sub-

20For instance Niederle and Vesterlund (2007) claim in the abstract of their seminal paper that ”the
tournament-entry gap is driven by men being more overconfident”.
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jects and the willingness to compete in the underconfident group may also contribute

to the overall gender gap in competitiveness.

Table 6: Decomposition of the total gender gap in competitiveness
diff. in gender composition gender diff. in competitiveness

Group (cmj × (smj − sfj )) (sfj × (cmj − cfj )) Sum

0.632 × (0.405-0.354) 0.354 × (0.632-0.565)
Overconfident 0.032 (31.8%) 0.024 (23.4%) 0.056 (55.2%)

0.758 × (0.382-0.347) 0.347 × (0.758-0.509)
Realistic 0.027 (26.2%) 0.086 (85.3%) 0.113 (111.5%)

0.549 × (0.214-0.300) 0.300 × (0.549-0.617)
Underconfident -0.047 (-46.6%) -0.020 (-20.1%) -0.068 (-66.8%)

Table 6 contains the actual numbers from our data by categories of GAP. It also

shows the percentage that the components represent in the total gender gap in com-

petitiveness.21 Note that the difference in the competitiveness in the realistic group

accounts by far for the largest share of the overall gender gap in competitiveness. Its

relevance (85.3%) is more than double of the importance of males being more likely to

exhibit overconfidence (31.8%).

It is also noteworthy that in the underconfident group females are more likely to

compete than males, and relatively there are more females among the underconfident.

These two phenomena in the underconfident group have a mitigating effect on the overall

gender gap in competitiveness.

6 Conclusion

In our study, we aimed to explore how confidence mediates and moderates the gender gap

in competitiveness. To this end, we proposed a categorical confidence variable measur-

ing the categories of the Guessed-Actual Performance difference - GAP (underconfident,

realistic, overconfident). These new confidence categories enabled us to examine mech-

anisms between confidence and competitiveness from a gender perspective in greater

detail than previous studies.

In our experimental setting, we measured preferences towards competition using the

widely applied design of Niederle and Vesterlund (2007), while also assessing beliefs

about students’ own relative performance and risk preferences in an incentivized way.

Our analysis shows that even after controlling for classroom fixed effects and background

characteristics, there is a substantial gender gap of about 10 percentage points between

male and female participants. This gap persists after accounting for performance differ-

ences between the gender groups in the experimental real-effort task.

The mediation and moderation analyses outline two channels of explanation. One

is about the composition of gender groups according to the categories of GAP. We find

21By adding up all numbers in columns (2) and (3), we obtain the total gender difference in com-
petitiveness, 0.101, that is about 10% in the willingness to compete. The percentages in parentheses,
representing the relative portions, add up to 100%. The last column indicates the horizontal sums.
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a positive association between higher confidence and competitiveness, and since males

in our sample are more (over)confident than females, the gender gap in competition is

partly driven by ”overconfident men” (compositional effect). However, this is only part

of the full story. Using moderation techniques we uncovered that there is no significant

gender gap in competitiveness among the under- or overconfident participants. But

in the realistic group (where participants’ believed performance rank coincides with

the actual one) we observe a 14 percentage points gender gap in favor of males. Our

results suggest that the gender gap among the realistic reflects differences in taste for

competition: males compete if they have above median performance, but females need

to be in the best quartile to prefer competition.

Based on our findings, if we want to decrease gender differences in competitiveness,

it is not enough to apply interventions aiming to raise the level of confidence of females.

Even if the composition of females in terms of confidence was similar to that of males,

gender differences in competition would persist among those who assess their perfor-

mance correctly. Future research should address the question of how to handle this

second channel effectively.
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wp-content/uploads/2022/02/A_kozoktatas_indikatorrendszere_2021.pdf.
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7 APPENDICES

7.1 Appendix A: Experimental instructions as shown in zTree
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Figure 8: General introduction to the competition game

Figure 9: Instructions to the first round in the competition game (piece-rate game)
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Figure 10: Instructions to the second round in the competition game (tournament game)
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Figure 11: Instructions to the third round in the competition game (choice between
piece-rate and tournament)
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7.2 Appendix B: Tables and figures

Table 7: Descriptives (means) by gender and balance tests

Variable Males SD Females SD Balance test SE

parental ed.: low 0.01 (0.12) 0.02 (0.14) -0.00 (0.01)
parental ed.: medium 0.29 (0.45) 0.42 (0.49) 0.08*** (0.03)
parental ed.: high 0.58 (0.49) 0.47 (0.50) -0.04 (0.03)
parental ed.: missing 0.11 (0.32) 0.09 (0.29) -0.04* (0.02)
father: employed 0.68 (0.47) 0.64 (0.48) -0.01 (0.03)
father: self-employed 0.12 (0.32) 0.17 (0.38) 0.05** (0.02)
father: regural work 0.02 (0.14) 0.02 (0.15) 0.00 (0.01)
father: occasional work 0.02 (0.14) 0.01 (0.11) -0.01 (0.01)
father: childcare 0.02 (0.13) 0.01 (0.11) -0.01 (0.01)
father: retired 0.00 (0.06) 0.01 (0.11) 0.01 (0.01)
father: unemployed 0.00 (0.05) 0.01 (0.09) 0.01 (0.00)
father: disabled 0.00 (0.06) 0.01 (0.10) 0.00 (0.01)
father: missing 0.14 (0.35) 0.12 (0.32) -0.05** (0.02)
Math score, 6th grade 0.29 (1.03) -0.23 (0.91) -0.22*** (0.05)
Reading score, 6th grade 0.07 (1.01) -0.05 (0.99) 0.10* (0.05)
GPA, imputed 4.51 (0.45) 4.54 (0.42) 0.11*** (0.02)
GPA, missing 0.20 (0.40) 0.19 (0.39) -0.03 (0.03)
Math grade, imputed 4.27 (0.85) 4.17 (0.84) 0.05 (0.05)
Hungarian grade, imputed 4.31 (0.75) 4.39 (0.69) 0.21*** (0.04)
Literature grade, imputed 4.48 (0.65) 4.56 (0.64) 0.17*** (0.04)
Math grade, missing 0.16 (0.37) 0.13 (0.34) -0.05** (0.02)
Hungarian grade, missing 0.16 (0.37) 0.13 (0.34) -0.05** (0.02)
Literature grade, missing 0.17 (0.37) 0.14 (0.34) -0.05** (0.02)
performance in piece-rate game 7.47 (3.75) 6.16 (2.86) -0.45*** (0.16)
performance in tournament 8.78 (3.67) 7.37 (2.94) -0.64*** (0.17)
guessed rank in tournament 1.93 (0.90) 2.36 (0.86) 0.46*** (0.06)
Confidence/overplacement, tourn. 1.19 (0.76) 1.05 (0.81) -0.11** (0.05)
Underconfident 0.21 (0.41) 0.30 (0.46) 0.08*** (0.03)
Realistic 0.38 (0.49) 0.35 (0.48) -0.04 (0.03)
Overconfident 0.40 (0.49) 0.35 (0.48) -0.03 (0.03)
Risk 37.27 (18.45) 30.80 (18.18) -4.90*** (1.21)
Competition 0.66 (0.47) 0.56 (0.50) -0.11*** (0.03)

Observations 477 611 1,108

*** p<0.001, ** p<0.01, * p<0.05

Note 1: Performance in the piece-rate and tournament games means the number of matrices
correctly solved; competitiveness means the share of students willing to compete in stage 3;

ranks represent performance quartiles (Q1 meaning best performance), confidence is a
categorical variable (0=underconf., 1=realistic, 2=overconf.), the three confidence categories

show the share of students in each category by gender, risk-taking means the number of boxes
taken out in the bomb risk elicitation task, competition means the share of students choosing

the tournament in round 3 by gender.
Note 2: In the balance test column, every figure is a regression coefficient. Separate

regressions are run, always using the variable from the first column as the dependent and the
female dummy as an independent variable. Classroom fixed effects are controlled for

throughout. Coefficients of the female dummy are reported.
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Table 8: Performance and competitiveness by gender and by breakdown following the
distribution of tournament performance ranks

female male
Mean Std.Dev. Mean Std.Dev.

In Q1 based on actual perf.
Performance in tournament 10.06 2.80 11.56 3.54
Competitiveness 0.76 0.43 0.83 0.37
In Q2 based on actual perf.
Performance in tournament 7.95 2.01 8.67 2.68
Competitiveness 0.55 0.50 0.68 0.47
In Q3 based on actual perf.
Performance in tournament 6.66 1.71 7.45 2.58
Competitiveness 0.53 0.50 0.55 0.50
In Q4 based on actual perf.
Performance in tournament 4.48 1.89 5.21 2.29
Competitiveness 0.39 0.49 0.44 0.50
In Q1 based on believed perf.
Share of students believing to be in Q1 0.15 0.35 0.38 0.49
Performance in tournament 9.08 3.55 10.16 3.67
Competitiveness 0.81 0.40 0.88 0.32
In Q2 based on believed perf.
Share of students believing to be in Q2 0.45 0.50 0.37 0.48
Performance in tournament 7.68 2.79 8.51 3.40
Competitiveness 0.60 0.49 0.64 0.48
In Q3 based on believed perf.
Share of students believing to be in Q3 0.30 0.46 0.19 0.39
Performance in tournament 6.63 2.36 7.24 3.31
Competitiveness 0.44 0.50 0.36 0.48
In Q4 based on believed perf.
Share of students believing to be in Q4 0.10 0.31 0.06 0.24
Performance in tournament 5.83 2.71 6.75 3.25
Competitiveness 0.41 0.50 0.39 0.50

Observations 611 477

Note: Q1-Q4 represent ranks or performance quartiles (Q1 meaning best performance),
performance means the number of matrices correctly solved; competitiveness means the share

of students willing to compete in stage 3.
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Table 10: Results from the mediation analysis, using categories of GAP as a mediator

(1) (2) (3)
Competition Competition Competition

Female -0.082*** -0.056* -0.050*
(0.029) (0.030) (0.029)

performance in tournament 0.055*** 0.079*** 0.078***
(0.006) (0.007) (0.007)

realistic 0.102*** 0.106***
(0.034) (0.033)

overconfident 0.265*** 0.259***
(0.042) (0.042)

Risk 0.002***
(0.001)

Constant 0.867 0.552 0.493
(0.754) (0.747) (0.772)

Observations 1081 1081 1073
R2 0.163 0.194 0.200
additional controls +tournament perf. +GAP +risktaking

Robust standard errors in parentheses
*** p<0.001, ** p<0.01, * p<0.05

Note: Models (1) - (6) from Table 9 produce the same results in this mediation analysis, thus
those are not reported again. Realistic and overconfident mean levels of GAP compared to the
baseline category of underconfident.
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Figure 13: Female dummy coefficients from the robustness checks to the first mediation
analysis (using beliefs as a mediator)
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Figure 14: Female dummy coefficients from the robustness checks to the second version
of the mediation analysis using the categories of GAP as a mediator
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Table 11: Results from the regression-based moderation analysis

Interaction
model

Underconf.
subgroup

Realistic
subgroup

Overconf
subgroup

Female -0.139*** 0.093 -0.139*** -0.028
(0.042) (0.085) (0.043) (0.066)

underconfident -0.239***
(0.058)

overconfident 0.103*
(0.059)

female × underconfident 0.226***
(0.079)

female × overconfident 0.083
(0.078)

Observations 1073 283 388 402
R2 0.207 0.245 0.393 0.245

Robust standard errors in parentheses
*** p<0.001, ** p<0.01, * p<0.05

Note: all models control for class FE, age, family background (level of parental education),
cognitive skills (standardized national test scores in math and reading) and GPA, tournament

performance and risk aversion.

Figure 15: Female dummy coefficients (gender differences in competitiveness) among
the underconfident - robustness checks to the moderation analysis
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Figure 16: Female dummy coefficients (gender differences in competitiveness) among
the realistic - robustness checks to the moderation analysis
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Figure 17: Female dummy coefficients (gender differences in competitiveness) among
the overconfident - robustness checks to the moderation analysis
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Figure 18: Covariate balance between males and females (only standardized mean dif-
ferences) before and after matching in subgroups according to categories of GAP
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matching.

Table 12: Matching statistics after matching in the whole sample

Treated Untreated Combined

Matched
Yes 595 469 1064
No 9 0 9
Total 604 469 1073

Controls
Used 469 595 1064
Unused 0 9 9
Total 469 604 1073
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Table 13: Matching statistics after matching in subsamples according to level of confi-
dence

Matched:Yes Matched:No Matched:Total Controls:Used Controls:Unused Controls:Total

Underconf.
Treated 125 56 181 85 17 102
Untreated 85 17 102 125 56 181
Combined 210 73 283 210 73 283

Realistic
Treated 178 32 210 162 16 178
Untreated 162 16 178 178 32 210
Combined 340 48 388 340 48 388

Overconf.
Treated 188 25 213 189 0 189
Untreated 189 0 189 188 25 213
Combined 377 25 402 377 25 402

Table 14: Means and Standard Deviations of tournament performance by gender and
performance rank in the realistic group (number of students in each cell is in parenthesis)

Rank in tournament game (quartiles)
1 2 3 4 Total

male performance
M 11.62 8.51 7.55 5.10 9.86
SD 3.61 2.30 3.25 1.60 3.72
N (97) (53) (22) (10) (182)

female performance
M 10.67 7.86 6.46 4.21 7.54
SD 3.24 1.87 1.55 2.10 3.00
N (45) (83) (50) (34) (212)

Total
M 11.32 8.11 6.79 4.41 8.61
SD 3.51 2.06 2.25 2.02 3.54
N (142) (136) (72) (44) (394)
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