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Gendered performance
in competitions: Learning
from a Korean quiz show

Alison L Booth and Jungmin Lee

Introduction

Despite substantial progress over the past few decades, we observe gender
gaps in economic outcomes across almost all countries. Commonly cited
reasons for these gender gaps are discrimination or claims that women are
more sensitive than men to work—family conflicts and more inclined to
make career sacrifices. However, obtaining promotion and pay raises often
involves competition. If women dislike competition but men do not, fewer
women will choose to enter a competitive environment, and there will be
fewer women succeeding in competitions.! Understanding why women
seem less inclined than men to compete may provide insights into why a
gender gap still exists in the workplace and what type of policies might
address this gap.

1 For example, using data from 17 countries, Koellinger et al. (2013) find that female under-
representation in business ownership is due to their weaker confidence about entrepreneurial skills and

higher fear of failure.
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A growing experimental literature investigates whether or not gender gaps
in economic outcomes might be due to inherent differences in male and
female attitudes to competition, and a number of experimental studies
do find that the competitive choices made by men and women differ.?
In this chapter, we adopt a different but complementary approach to these
experiments by analysing unique performance data from a real-world
activity that is competitive by its very nature — the television quiz show for
young people, Janghak. While several related studies have utilised US quiz
show data to explore gender differences in competitive outcomes, our data
represents a departure, since it comes from a show that differs from that
basic format. Moreover, to date, no studies have explored these issues using
data from South Korea. Yet the gender pay gap in Korea is the highest in
the OECD, according to the 2017 OECD report, The Pursuit of Gender
Equality.* Moreover, cultural factors have been found to have an important
effect,* and South Korea is known as a Confucian country where people
have son preferences.’ It is therefore interesting to investigate if there are
gender gaps in competitive performance among Korean children of high-
school age, and to chart how these vary across different situations.

In our analysis, we compare the performance of high-ability adolescent girls
and boys who participated in a series of publicly observed tournaments.
These tournaments took place in the context of a long-running weekly
South Korean television quiz show, entitled Janghak. Our aim is to gauge if
there are gender differences in the behaviour of girls and boys of high-school
age in this extremely competitive environment. We also wish to establish
how contestants’ behaviour alters as the game rules vary.

2 Studies investigating gender differences in performance in competitive environments include
Gneezy et al. (2003), Niederle and Vesterlund (2007, 2011), Booth (2009), and Dreber et al. (2011).
Research exploring gender differences in preference to enter a competition include Gneezy et al. (2009),
Booth and Nolen (2012a, b), Apicella and Dreber (2015), Buser et al. (2017), Booth et al. (2019), while
analyses of the determinants of risk attitudes include Booth et al. (2014), Dreber et al. (2014), and
Khachatryan et al. (2015). Buser et al. (2014) explores how preference for competition across genders
affects academic task choice.

3 Korea has the highest gender pay gap of any OECD country, and its women remain under-represented
in public life. See also OECD (2017).

4 See, for example, Gneezy et al. (2009), Booth and Nolen (2012b) and Booth et al. (2019), who all
establish that different cultures contribute to the competitiveness of males and females.

5  Son preferences have recently weakened but still exist, especially in terms of postnatal disparate
treatments by parents (Lee, 2008; Choi and Hwang, 2020).
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Different game rules are likely to be characterised by varying levels of stress,
which earlier studies using different types of data have found affects males
and females differently. As we shall argue later in the chapter, some of the
game rules of the field data that we use are likely to be associated with
considerable psychological pressure that may affect the performance of girls
and boys differently.

We also examine how girls and boys behave differently as they advance
to a higher round and get closer to winning the game when competitive
pressure is escalated.® Jetter and Walker (2016) use data from the US
television quiz show Jeopardy!, a quiz show that, while similar to ours
in many respects, also has many different features. Utilising a sample of
adult men and women, Jetter and Walker (2016) found that there are no
gender differences in responding to questions and in accuracy in high-
stakes situations. In a comparison of the behaviour of children, teenagers
and college students from Jeopardy!, Jetter and Walker (2017) found no
noticeable gender differences throughout all three subsamples.” Other
studies that investigate two-stage competitions include Cai et al. (2019) and
Iriberri and Rey-Biel (2019), and we adopt a two-stage approach similar to
theirs in this chapter.

Our primary focus is on exploring how competitive performance differs
with gender and, if there are gender differences, understanding the
underlying mechanisms. Regarding the latter, our quiz show provides
a quasi-experimental setting where competitive pressure on contestants
varies exogenously across episodes as some of the game rules change.
We focus on three major game features: fastest-finger buzzer, knockout and
penalty.® By using different combinations of the three features, the game

6 For example, the exam performance of males and females is found to be affected differently by
variations in future payoffs (see for example, Attali et al., 2011; Ors et al., 2013; Morin, 2015; Azmat
etal., 2016). In addition, other studies in an exam context have found that penalties for a wrong answer
affect women’s performance more adversely than men’s (see for example, Baldiga, 2014; Coffman and
Klinowski, 2019). However, Funk and Perrone (2016) find the opposite in their field experiment.

7 Sive-Soderbergh and Lindquist (2017) used data from the Swedish children’s version of Jeopardy!
to focus on risk, which we are unable to do with our data. Comparing the wagering behaviour of
children aged 10-11 with adults, they find gender gaps in risk-taking for adults but none for the girls
and boys. Their children are younger than our contestants, whose mean age is just over 17 years.

8  Another interesting aspect to explore is the gender composition of contestants and its impact
on performance. In this chapter, we do not find any significant effect, which is probably because our
group of contestants is of a small size (five) and therefore there is not much variation in the gender
composition. Booth and Yamamura (2018), utilising data from speedboat racing in Japan (a sport in
which men and women racers are randomly assigned to single-sex or mixed-sex races), found that the
same woman performs relatively worse in terms of her race time in mixed-sex races as compared with
single-sex races, while for the average male racer, the opposite is true.
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show changed its format for Round 1 five times during our sample period
from February 2008 to December 2011. Such frequent institutional changes
provide exogenous variation in competitive pressure, which we exploit to
identify the causal effect of competitive pressure on performance and the
gender difference.

To preview our main findings, we find there is an average gender gap in
performance when we pool all Round 1 episodes of the quiz show game
— girls perform worse than boys. The gender gap is large enough to make
a significant difference in the probability of advancing to a higher round
or ultimately winning the game. To explore underlying mechanisms that
might explain this, we investigate how male and female performance varies
under different rules of the game. We find that there are no gender gaps
when stress is kept to a minimum — that is, in games without knockouts or
penalties or in games without fastest-finger buzzers. However, in games with
some of these features, there are significant gender gaps.’

In addition, we examine performance in Round 2 of the shows, where we
find larger gender gaps. These are consistent with girls being increasingly
hindered by psychological stress as the competition proceeds. Finally, we
use question-by-question panel data to estimate performance in the games
in which all players stay in for 25 questions. Here we find that girls are
less likely to respond faster even when their winning probability is higher.
We also find that their probability of answering correctly is lower. These
results are consistent with girls’ underconfidence (or boys™ overconfidence)
as well as with different behavioural responses to psychological pressure. It is
interesting that we have found these gender gaps in game show performance
in Korea, whereas they have not been found in the US (see Jetter and Walker
2016; Michael 2017). This may be because of different cultural values
between the two countries, as highlighted in OECD (2017), or because
of differences between the structure and rules of the two shows.

9 In the experimental literature, there are no clear results about gender and competition under stress.
For example, Buser et al. (2017) find that women choose to compete more frequently when induced stress
increases. On the other hand, in a lab experiment using male and female university students, Cahlikova
et al. (2020) find that, for both men and women, the willingness to compete is not affected by induced
stress. However, Shurchkov (2012) finds — in her lab experiment in which stress is induced by task
stereotypes and time constraints — that gender gaps in performance under competition and preferences for
competition are partly explained by the differential responses of men and women to these stresses.
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The game show

Janghak Quiz and data collection

The Korean television game show Janghak Quiz is a weekly competition
program where high-school students compete for a scholarship.' It is the
oldest television game show in Korea, having been broadcast since 1973.
Each episode hosts five contestants from five different high schools. The prize
(scholarship) is substantial, amounting to about 1,000 or 2.000 USD for
weekly winners, but they are advanced to monthly or annual competitions
or can continue over weeks, in which cases the prize can increase up to

30,000 or 40,000 USD.

Any high school students who are interested in participating may apply.
But to get into the game show, they have to take a qualifying test and pass
the minimum standard."" Depending on the results from this test, they
are then selected to participate. This means that contestants are selected
rather than being a representative sample of all high-school students in
Korea. Thus, we expect our participants to be more competitive than, and
academically superior to, the bulk of the high-school population, since they
have volunteered to play and are then selected by the game show organisers
after passing the qualifying test.'> However, since the preliminary test is a
written test and the test questions are from the high-school curriculum, as
are those in the main quiz show (as we will explain shortly), the organisers’
selection of contestants is likely to be gender-neutral.

10  Janghak means ‘scholarship’ in Korean. See: EBS Learning (2013), available on YouTube: www.
youtube.com/watch?v=Wytzq9ksXMQ, for an example of an episode. The video clip at the link shows
the end of Round 1 where five contestants compete and the start of Round 2 where two are knocked out
and three remaining ones continue to play.

11 Unfortunately, we do not have data on applicants who failed to pass the test. We do not have any
information on the pass rate.

12 We have information on preliminary test scores for a subset of contestants (229, 25.4 per cent). In this
limited sample, we find a gender gap; the average score for boys is 30 and that for girls is 27. The minimum
score is 20, which is likely to be the cut-off score. Because of this initial gap, we presented the results after
controlling for the qualifying-test score and the results for Round 2 conditional on Round 1 scores. Given
the show’s national reputation and entry competition among students, it is unlikely that the TV show
producers selected worse-performing females. On the other hand, we cannot control for the variable for
our analyses below by game formats because the observations with the information are from episode 655
to 703 where we have no variation in game formats associated with buzzer and knockout.
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Related to the above point, it is important to note that girls account for
only 36 per cent of all contestants in our sample. There are two possible
explanations. First, girls might be academically worse than boys, so fewer
girls could pass the test to get on the game show."> However, this is unlikely
since Korean girls have above-average scores in PISA, and younger women
have higher levels of educational attainment than their male peers (OECD
2017). A more plausible explanation is that girls are less likely to select into
the game show than boys. They might dislike being exposed to people on
TV. Another reason might be that girls do not like to enter competitive
environments. In the latter case, girls' under-representation in the game
show is already indicative of a gender gap in competitiveness, which is
consistent with previous studies’ finding that women do not prefer to enter
a competition as much as men do (Niederle and Vesterlund 2007, 2011;
Gneezy et al. 2009; Booth and Nolen 2012a, b; Apicella and Dreber 2015;
Buser et al. 2017; Booth et al. 2019).

Studio audience size is small, mainly consisting of friends and family
members. However, the show is televised nationwide by a public broadcaster,
so contestants know that they will be watched by the anonymous many.
The fact may create a feeling of social pressure for some contestants,
especially when they perform badly, in addition to competitive pressure
among contestants themselves.

Contestants are seated or stand in a row on a stage in front of the audience.
The show host begins the show and explains the game rules briefly, and
contestants introduce themselves. They usually say their name and school
and make their resolution for the game, like ‘I can win’ or ‘I will make
my school be proud of me.” During the show, the host sometimes talks
to contestants in an informal way for the purpose of relaxing them.
We do not find any observable differences between boys and girls in their
self-introduction or dialogue with the host.

All questions are prerecorded and read by a voice actor. Questions cover
various subjects in the standard high-school curriculum, such as history,
literature, natural science, music and arts. One thing to note here is that
there is no question requiring mathematical problem-solving. For example,

13 This does not necessarily mean that boys are on average better than girls. According to the ‘greater
male variability hypothesis, males display greater variability in traits such as cognitive ability than
females do. In other words, human males are more likely than females to have very high or very low
intelligence. There is considerable controversy around this (see, for example, Irwing and Richard, 2005;

Lindberg et al., 2010).
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there might be a question about the mathematician who first came up with
the idea of integration, but there is no question about integration itself. This
is important because our results would be biased if the quiz show were biased
towards a specific gender.'* Also, it is worth noting that we do not find any
differences in the difficulty or contents of questions across episodes. This
is because the game show is for educational purposes (as the broadcasting
company is public, similar to PBS in the US) and the questions are based on
the official school curriculum that is highly regulated in Korea.

For our econometric analysis, we constructed individual-level data giving
basic information about contestants, such as sex, high school and grade, as
well as their round-by-round score and rank. These data were collected by a
research assistant who watched all the shows recorded from February 2008
to December 2011 (episodes 577 to 777). We excluded special episodes
from the sample because they have different game formats. For example,
we excluded one special show where students and their teachers were paired
and competed as a team. In the end, for our empirical analysis, we focus on
180 shows with 900 contestants (= 180 x 5).

Changes in game rules and contestant
assignment

Game formats and rules are a little complicated and changed several times
during the sample period, and we are thus able to exploit these variations
as they likely invoke different levels of competitive pressure. Table 14.1
summarises the changes in game rules during our sample period. From
episodes 577 to 592, there are no multiple rounds per episode; instead, five
contestants attempt to answer all of a fixed number of questions (in our
sample, 25 questions) and the one with the highest score in the end becomes
the winner. This is the simplest game format in our sample. Using data from
these episodes, we construct individual-level panel data following individual
contestants (five per episode) over 25 questions. Using the panel data, we
examine the dynamics of contestants performance over the course of the
game, as the game approaches the end and the winner is revealed.

14 Over our data period 2008-2011, Korean girls’ average PISA score in reading was higher than that
of boys. However, the average for math was slightly higher for boys than girls over this period.
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Table 14.1: Game formats

Round 1 Round 2 Round 3
Episode Knockout‘Buzzer‘Penalty Knockout‘Buzzer‘Penalty Buzzer | Penalty
Annual
577-592 N Y Y - - - - -
593-627 N N N N N N Y Y
Survival
629-635 1 Y N 3 N N Y N
636-650 1 Y N 3 Y N Y N
651-663 1 Y N 3 Y Y Y N
664-679 2 Y N 2 Y Y Y N
681-703 2 Y Y 2 Y Y Y N
704-714 2 N N 2 Y Y Y N
715-777 2 N N 2 Y N Y N

Notes: Some episodes are not included in our sample because they are special shows
or their video files are missing. In episodes 613 to 627, when no contestant obtained
500 points until Round 3, there was a final round where the best two contestants
competed for 500 points.

Next, from episodes 593 to 627, each weekly show consists of three rounds,
but there is no knockout over rounds; that is, five contestants remain in all
three rounds. The three rounds differ simply by question type. Details are
given in the top panel of Table 14.1. In each weekly show, there are five new
contestants. Weekly winners are advanced to monthly championships, and
monthly winners compete in annual championships. Thus, these episodes
are labelled as ‘Annual’ in the top panel of Table 14.1.

Episodes 629 onwards are labelled as ‘Survival’ in the bottom panel.”® Note
that these games also consist of three rounds. In the first round, the show
begins with five contestants, but one or two with the lowest scores are
knocked out after the first round. In the second round, only one contestant
with the highest score survives and is advanced to the final round, where
they compete with the previous week’s returning winner. Since the final
round is fundamentally different from the others, in this chapter, we focus

15 Episode 628 was the annual championship game where only two contestants appeared. We excluded
this episode from our regression sample.
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on the first two rounds only.'® Therefore, no contestant appears in more
than one episode in our sample, while they may appear repeatedly over two
rounds within an episode.

We focus on three main game features: fastest-finger buzzer type, a knockout
and points reduction for a wrong answer (penalty)."” These features are likely
to be characterised by varying levels of stress, which earlier studies using
different types of data have found affects males and females differently.
For example, the exam performance of males and females is found to be
affected differently by variations in future payoffs (see, for example, Attali
etal. 2011; Ors et al. 2013; Morin 2015; Azmat et al. 2016).

Table 14.1 shows how episodes differ across rounds in terms of these three
features of our data — fastest-finger buzzer type, a knockout and a penalty
for a wrong answer. Note from the table that the game rules have changed
a few times. In some shows, there was a buzzer with a buzzer press; that is,
contestants were required to push a buzzer to obtain the chance to answer.
There were also shows without a buzzer. In these shows, all contestants
choose or write their answer on their personal screen. Also, the shows differ
by whether there are any knockouts from advancing to the next round
and, if so, how many are knocked out. Lastly, the shows differ by whether
there is a point reduction or a penalty associated with providing the wrong
answer. Other studies in an exam context have found that such penalties for
a wrong answer affect women’s performance more adversely than men’s (see,
for example, Baldiga 2014; Coffman and Klinowski 2019), while Funk and
Perrone (2016) finds the opposite.

Summary statistics

Table 14.2 presents the summary statistics of the variables we use in our
subsequent regression analyses. The shows typically comprise two or three
rounds. In some shows, there are dropouts (those with the lowest score) after

16 In the final round, the winner from the previous week plays and their performance should be
qualitatively different because there are dynamic factors such as learning and time-varying prize sizes.
17 There are some other features in specific game rules; contestants are initially given some basic
points. Points differ by the difficulty of each question. For some questions, there is also a bonus gift, such
as a laptop computer or a digital camera. In some shows, contestants are given one chance to pre-empt
the first opportunity to answer the question. Question types are also various, including true or false,
multiple-choice, and short-answer open-ended questions. In our regression analyses later, the effects of
some of these features are absorbed by episode-specific fixed effects.
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the first round, while other shows do not have such a feature. In Table 14.2,
ignoring the details of game rules, we just present the summary statistics by
round, focusing on the first two rounds (rounds 1 and 2) and by gender.
For each round, we also present gender differences in columns [4] and [8].

Table 14.2: Descriptive statistics

m | @ | @ | @] m | e | m | s
All Round 2 advances
All ‘ Boys ‘ Girls ‘ B-G All ‘ Boys ‘ Girls ‘ B-G

Characteristics of contestants

Girl 0.361 - - - 0.306 - - -
(0.481) (0.461)
Age 17.388 | 17.448 | 17.281 | 0.167 | 17.415 | 17461 | 17.294 | 0.167

(0.532) | (0.533) | (0.516) | [0.000] | (0.556) | (0.543) | (0.575) | [0.035]

Co-education | 0.407 | 0.390 | 0.437 |-0.047| 0.432 | 0.416 | 0.468 | -0.052
(0.491) | (0.488) | (0.497) | [0.165] | (0.496) | (0.494) | (0.501) | [0.306]

General 0.839 | 0.826 | 0.862 | -0.035| 0.806 | 0.794 | 0.835 | -0.041
school (0.368) | (0.379) | (0.346) | [0.165] | (0.396) | (0.405) | (0.373) | [0.311]
Private 0.542 | 0.569 | 0.495 | 0.073 | 0.555 | 0.578 | 0.504 | 0.074
school (0.498) | (0.496) | (0.501) | [0.034] | (0.498) | (0.495) | (0.502) | [0.143]

Metropolitan | 0.514 | 0.515 | 0.514 | 0.001 | 0.522 | 0.521 | 0.525 | -0.005
(0.500) | (0.500) | (0.501) | [0.978] | (0.500) | (0.500) | (0.501) |[0.929]

Medium-size | 0.394 | 0.383 | 0.415 | -0.033| 0.385 | 0.381 | 0.396 | -0.015
cities (0.489) | (0.486) | (0.494) | [0.334] | (0.487) | (0.486) | (0.491) | [0.767]

Performance outcomes

Round 1score | 1.000 | 1.020 | 0.965 | 0.055 | 1114 1127 | 1.085 | 0.042
(0.224) | (0.231) | (0.206) | [0.000] | (0.175) | (0.183) | (0.151) | [0.018]

Round1rank | 3.000 | 2904 | 3.169 |-0.265| 2175 | 2114 | 2313 | -0.199
(1.376) | (1.393) | (1.331) | [0.005] | (0.948) | (0.962) | (0.903) | [0.039]

Round1top1 | 0.210 | 0.242 | 0.154 | 0.088 | 0.335 | 0.375 | 0.245 | 0.130
(0.408) | (0.429) | (0.361) | [0.002] | (0.472) | (0.485) | (0.431) | [0.007]

Round1top2 | 0.439 | 0.468 | 0.388 | 0.080 | 0.670 | 0.695 | 0.612 | 0.084
(0.497) | (0.499) | (0.488) | [0.020] | (0.471) | (0.461) |(0.489) | [0.081]

Advance to 0.643 | 0.673 | 0.591 | 0.082 - - - -

Round 2 (0.479) | (0.470) | (0.492) | [0.001]

Round 2 - - - - 1.000 | 1.060 | 0.863 | 0.197
score (0.772) | (0.752) | (0.800) | [0.012]
N = 900 575 325 - 454 315 139 -

Notes: Standard deviations are presented in parentheses; Advance to round 200 is
defined for the shows with Round 1 dropouts (episode no. 2 629 in Table 1, N=710);

Age is missing for 371 contestants in the all sample and 208 for the Round 2 advances
sample. Columns [4] and [8] present the gender differences in sample means and
p-values in brackets.
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The numbers of observations for each group are reported at the bottom of
Table 14.2. We have 900 observations with usable responses from Round 1.
There are five contestants in each game, and therefore our sample covers
180 games (episodes). Among these 900 contestants, 325 are girls, and 575
are boys. Note that there are more boys than girls, which we shall further
discuss later. The last four columns of Table 14.2 provide details of the
454 contestants who advanced into Round 2 from Round 1, of whom 139
are girls and 315 boys. Thus, girls in Round 1 comprise 36 per cent of
observations, and 31 per cent in Round 2. If this were so for our data, we
would expect to see the proportion of females increasing from Round 1 to
Round 2, as the boys in the left tail of the cognitive ability distribution got
knocked out of the competition. But this is not what we observe. Instead,
we find that girls are less likely than boys to advance to Round 2. We shall
return to this issue later in our regression analysis of Round 2 performance.

Table 14.2 shows that the average age of contestants is just over 17 years.'®
Our contestants are high-school students who are usually aged 16 to 18.
About 40 per cent of contestants attend co-educational schools, and 84
per cent attend the schools that are called the general-education schools
in Korea (rather than special-purpose schools that are the alternative, such
as science or foreign-language schools).'” Just over half the samples attend
private schools. Boys are more likely to attend private schools than girls, and
the difference is statistically significant (p-value = 0.034). But private and
public schools are not very different in Korea because even private schools
cannot admit students selectively.*” Most of the sample lives in metropolitan
areas and medium-sized cities.

18 We have converted high-school grade to age, since contestants do not reveal their age but only their
high-school grade. To do this conversion, we assumed high-school grade 1 = age 16 and so on. Note
further that school grade is missing for 371 contestants (41 per cent). This is because it is up to them
whether to introduce their grade or not. Because of many missing values of age, we will be careful in
interpreting our results below related to age. In regression analyses, we put a value of zero when age is
missing and control for age dummies (16, 17 and 18) with the missing cases as the base group.

19 Special-purpose schools are those focused on specific subjects like arts, music, science or foreign
languages. Some special-purpose schools are elite schools. They are selective, while students are assigned
to general-education schools based on their residence (school district). There are also vocational schools
but we do not have any students from those schools in our sample.

20  Private schools in Korea are privately owned, but under the so-called ‘equalisation policy’ they are
not very different from public schools. High schools governed by the equalisation policy receive equal
government funding, charge the same fees and follow the same national curriculum. However, private
schools maintain autonomy over their personnel decisions, while public schools do not (Hahn et al., 2018).
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The second half of Table 14.2 presents the summary statistics of contestants’
performance variables. The game is a typical quiz game. Contestants
solve quizzes, and they score points when they get the answers right.
We standardise the raw score for each round by dividing it by each episode-
round’s mean score because there are some different point systems across
episodes and rounds. The results in Table 14.2 already show the gender gaps
in performance between girls and boys. We find that girls score lower than
boys in both rounds 1 and 2. The gap amounts to 5.5 per cent of the mean
score of Round 1 and 19.7 per cent of the mean of Round 2. That is, the
gap increased over rounds.

As girls score lower, their rankings are also lower. Figure 14.1 shows the
average scores by gender over two rounds. The variable ‘Round 1 top 1’
refers to being first in Round 1, and gitls are less likely than boys to be
in this group. The variable ‘Round 1 top 2’ refers to being first or second in
the first round, and again, girls are less likely to be in this group. Of the
contestants advancing into Round 2, boys have a higher Round 1 score than
girls, though this difference is significant only at the 10 per cent level.

1.10
1.05
1.00
0.95
0.90

0.85

0.80
Round 1 Round 2

H Boy Girl

Figure 14.1: Gender differences in score between rounds 1 and 2

Note: Average standardised scores by gender and by round. Raw scores are
standardised to have a mean of 1in each round of each episode.
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We present the summary statistics of Round 1 performance for those who
advance to Round 2 in columns [5]—[8]. The results show that not only
are boys more likely to advance to Round 2, but also that they do so with
higher scores. That is, comparing girls and boys who successfully advanced
to Round 2, we find boys performed better in Round 1 than girls.

We will be using these variables in subsequent regression analyses below,
where we control for other factors likely to affect performance and investigate
if gender gaps in performance vary across games with different rules.

But first, for the purpose of our study, it is important to ensure that
contestants are randomly assigned across episodes with different rules.
While our understanding is that the TV show producers did not assign
contestants to episodes depending on game rules and gender differences
in contestants abilities, we nonetheless check the balancing of contestant
characteristics across different game rules. Table 14.3 presents the results.

Table 14.3: Characteristics of contestants by game rules

[ [2] [3] [4] [5] [6]
No Knockout No Buzzer No Penalty
knockout buzzer penalty
Girl 0.400 0.350 0.379 | 0.342 0.365 0.346
(0.491) (0.477) (0.486) | (0.475) | (0.482) | (0.477)
Age 17.371 17.395 17.326 | 17420 | 17.274 17.650
(0.510) (0.542) (0.525) | (0.534) | (0.509) | (0.491)
Co-ed 0.287 0.440 0.432 | 0.379 0.418 0.362
(0.454) (0.497) (0.496) | (0.486) | (0.494) | (0.482)
General school 0.923 0.816 0.796 | 0.886 0.827 0.886
(0.267) (0.388) (0.404) | (0.318) | (0.379) | (0.318)
Private school 0.538 0.543 0.502 | 0.586 0.531 0.584
(0.500) (0.498) (0.501) | (0.493) | (0.499) | (0.494)
Metropolitan 0.492 0.521 0.534 | 0.493 0.517 0.503
(0.501) (0.500) (0.499) | (0.501) | (0.500) | (0.501)
Medium-size cities 0.436 0.383 0.381 0.409 0.392 0.405
(0.497) (0.486) (0.486) | (0.492) | (0.488) | (0.492)
Observations 195 705 470 430 715 185

Notes: Sample means of contestant characteristics are presented. Standard deviations
are presented in parentheses. We divide the sample by each game rule: by the knockout
rule in columns [1] and [2], by the buzzer rule in [3] and [4], and by the penalty rule in
[5] and [6].
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We separate the sample by whether a specific rule is applied or not and
present the means and standard deviations of contestant characteristics;
whether or not there is knockout in columns [1] and [2], whether or not there
is a buzzer in [3] and [4] and whether or not there is a penalty for a wrong
answer in [5] and [6]. The most important variable for the purpose of our
chapter is gender. We should check if the gender composition of contestants
is systematically different depending on the game rules. In Table 14.3,
we find no significant difference by any of the three game rules.

InTable 14.3, we find significant differences in some contestant characteristics
by game rules. For example, we find that students in co-educational schools
are more likely to be assigned to episodes with knockouts. However, we
do not find any systematic patterns that might bias our estimates below.
We find significant differences in general schools for all three game rules.
Students in general schools are, on average, worse than those in special-
purpose schools. However, the results in Table 14.3 do not show any
systematic patterns such that better students are more likely to be assigned
to more competitive games, and, if any, the differences are not substantial.
Also, one may think that the contestant composition could be manipulated
in a way to boost the viewership rating, but this is very unlikely since the
broadcasting company is publicly owned, and the viewership rating is not
high anyway. Therefore, we conclude that contestants are not systematically
assigned to episodes with different game rules, at least with respect to their
ability. But we control for all observable characteristics when we conduct
our regression analyses.

Specifications and empirical findings

From our discussion to date, we summarise two broad conjectures to be
addressed with regression analyses of our data. These conjectures are, first,
is there a gender gap in performance in a competitive environment? And
second, do girls perform worse when competitive pressure is greater? Because
the rules of the game show changed considerably over the period for which
we have data, we are able to estimate a number of different specifications
to address these conjectures. These specifications and estimates are reported
later in the chapter.
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Gender gaps in Round 1

To address the first conjecture, we wish to establish whether or not there is
a gender gap in performance in the quiz show. To do so, we initially use all
900 observations of data from Round 1, because all contestants participate
in the first round and therefore we do not have to worry about selection
by knockouts.” Thus, the reader should note that the estimating sample
here includes all types of games, in contrast to subsequent subsections.
Therefore, any estimated effect of gender from this sample is the average
Round 1 effect across all game types.

We estimate a simple linear equation as follows:
(1) Sl_j =B,+ IBIGz'rlij + Xij;/ + 5] tE,

where subscript i denotes the individual contestant and ;j the episode.
The dependent variable, Sl.]., is the standardised (Round 1) score. We divide
the raw score by each episode’s mean score to control for heterogeneity
across episodes in the level of question difficulty or any unobservable factors
that affect overall performance.” Girl, is the indicator for whether the
contestant is a girl, so £, captures the gender difference in the performance
represented by the dependent variable.

We control for episode-specific fixed effects, 9, which capture any effects of
episode-level unobservable factors that equally affect the five contestants in
an episode.”® Vector X, includes variables such as age, indicators for school
type (general and private schools) and residential areas (metropolitan and
medium-sized cities).

As mentioned earlier, we have information on the qualifying-test scores
for a subset of 229 contestants. All students who apply for the game show
should take the qualifying test, and they have to pass the minimum score
to qualify for the show.* This qualifying-test score is a good control for

21  There still exists a selection problem with respect to selection into the game, which we cannot
resolve without data on those applicants who failed to enter the game or unless we have some common
measures by which we can compare our contestants with high-school students in general.

22 The results where we use the raw scores as the dependent variable are similar.

23 Any effects of the game rules should be subsumed by the episode-specific fixed effects. For comparison,
we present the results with or without the fixed effects.

24 We do not have any knowledge about the qualifying-test scores. In our sample, the minimum is 20, so
we guess that this would be the cut-off. The maximum is 44, so we also guess that the full mark would be
45. Episodes where the test scores are available are from 655 to 703, so there is not much variation in game
rules. For this reason, we cannot control for the test scores when we estimate the impacts of game rules.
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ability that is orthogonal to the capability to compete, because the test is
taken individually in a non-tournament manner. Thus, we will also present
the results after controlling for the test score to check the robustness of our
estimates from the baseline specification using the full sample.

Table 14.4 reports the results from estimating equation (1), where we want to
address the conjecture that there is a gender gap in contestants’ performance
in the game shows. Robust standard errors, clustered by episode, are presented
in parentheses. Here we consistently see across different specifications that
girls have a significantly lower standardised score than boys. The estimates
are robust in controlling for episode-specific fixed effects in column [2].
The gender gap amounts to about 5 per cent compared to the mean score.
The only other control that is statistically significant in columns [1] and
[2] is attendance at a general-education school, which is associated with a
decline in score, as expected (the base group is attending a selective special-
purpose school).

Table 14.4: Round 1 performance

[ [2] [3] [4]
Girl -0.051%** | -0.054*** | -0.114*** | -0.092***
(0.016) (0.019) (0.033) (0.032)
Qualifying-test score - - - 0.007**
(0.003)
General school -0.049* | -0.063** | -0.095** | -0.072*
(0.021) (0.030) (0.040) (0.040)
Private school 0.007 0.008 0.037 0.029
(0.015) (0.021) (0.033) (0.033)
Metropolitan 0.001 0.004 0.042 0.032
(0.024) (0.034) (0.050) (0.049)
Medium-size cities -0.004 -0.004 0.0m1 0.004
(0.023) (0.033) (0.047) (0.047)
Constant 1.056*** | 1.076*** 1.185%* | 0.987**
(0.026) (0.041) (0.100) (0.108)
Episode FE No Yes No No
Observations 900 900 229 229
R? 0.023 0.027 0.091 0.110

Notes: * 10% significance; ** 5% significance; *** 1% significance; Robust standard
errors, clustered by episode, are presented in parentheses. Age dummies with missing
age as the base group are included in all specifications.
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In columns [3] and [4], we report the results from estimating equation (1)
on the subsample of individuals for whom we have the qualifying-test score.
The cost of this exercise is losing 671 observations. In column [3], while
we restrict the sample to those with the qualifying-test score available, we
do not control for the test score. In column [4], we additionally control
for the qualifying-test score. By comparing columns [3] and [4], we can
infer the impact of controlling for the proxy variable of ability. The results
show that controlling for the test score decreases the size of the gender
gap from -0.114 to -0.092, but the remaining gap is still significant and
substantial in terms of its magnitude, about 9 per cent of the mean score.
The reduction of the gender gap indicates that the gender gap we find in
the game show is partially reflective of gender-specific selection or gender
differences in the distribution of ability.

In summary, the estimates reported in this section support our first
conjecture — that there is a gender gap in performance in this competitive
environment.

Gender gaps under different game rules

As explained previously, we focus on three major game features: fastest-finger
buzzer, knockouts and points reduction for a wrong answer. We focus on
these features because the intensity of competition would differ depending
on them. Thus, we examine whether the gender gap in performance differs
by those game rules. This is an important contribution of our chapter,
since it sheds some light on the underlying mechanism that contributes to
gender gaps in behaviours under competition. In particular, we can address
our second conjecture: do girls perform worse when competitive pressure
is greater?

To investigate this, we expand equation (1) and include the interaction
terms between Gi7r/, and the game rules:

(1) Sl.j =B, + KEIGirll,j + (BZGz‘rZij x Knoc/eoutt,j + ﬁjGir/ij x Buzzerl.]. + &Girlij x
Penalty, + Xy + 0, + €.

Our hypothesis is that girls may underperform in a more competitive
environment, and all the above-mentioned rules increase the intensity of
competition. For example, by estimating (3, we test whether the gender gap
gets larger (or smaller) when there is a knockout after Round 1 than when
there is no knockout.
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The results from estimating equation (1) are presented in Table 14.5.
Column [1] presents the results without episode fixed effects. In this
specification, X contains the indicators for the game rules. Column [2]
shows the results with episode fixed effects.

Table 14.5: Gender differences in Round 1 score by game type

[ [2] [3] [4]

Girl 0.034 0.041 0.053 0.062
(0.033) (0.041) (0.038) | (0.046)

Interactions with girl

Knockout -0.044 -0.048 - -
(0.038) (0.047)
Buzzer =011 | -0.122** - -
(0.040) (0.048)
Penalty 0.007 0.008 - -
(0.051) (0.061)
Knockout x buzzer x penalty - - -0.144** | -0.160**
(0.059) (0.072)
Knockout x buzzer x no penalty - - -0.174** | -0.191***
(0.049) (0.059)
Knockout x no buzzer x penalty - - -0.159** | -0.173**
(0.065) (0.079)
No knockout x buzzer x no penalty - - -0.070 -0.078
(0.045) (0.056)
Constant 1.043** | 1.081*** | 1.037** | 1.081***

(0.082) | (0.042) | (0.036) | (0.042)

Test result (p-value) for

Girl x knockout | buzzer x no penalty - - 0.01 0.022
Girl x buzzer | knockout x penalty - - 0.839 0.877
Girl x penalty | knockout x buzzer - - 0.595 0.639
Controls Yes Yes Yes Yes
Episode FE No Yes No Yes
Observations 900 900 900 900
R? 0.039 0.045 0.040 0.046

Notes: * 10% significance; ** 5% significance; *** 1% significance; Robust standard
errors, clustered by episode, are presented in parentheses. Control variables in
Table 14.3 are included. In columns [1] and [3], without Episode FE, game format
dummies are controlled for. In column [1], the indicators for knockout, buzzer and
penalty are included. In column [3], the four combination indicators are included.
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The results show that, after allowing for the gender gap to vary by the game
rules, the indicator for girls becomes positive, although it is not statistically
significant. This means that, without any rule that potentially increases
psychological pressure, girls do not perform worse than boys. The estimates
are almost identical between columns [1] and [2]. We also find that girls
perform worse than boys when they have to press a buzzer to obtain the
right to answer. The estimate for the rule of knockout is also negative but
statistically insignificant. The estimate for the penalty is insignificant and
even positive.

Equation (1°) assumes that the effects of the game rules are independent.
However, the equation can be mis-specified. As seen in Table 14.1, the
game rules were actually implemented in various combinations rather than
independently. While there are three rules, we have five combinations in
our sample: (knockout, buzzer, penalty) = (0,0,0), (1,1,1), (1,1,0), (1,0,1),
and (0,1,0), where each element indicates whether the corresponding rule
is implemented or not. Note that the rule of the buzzer was applied by
itself, but the other two rules were never implemented independently. This
means that the independent effect of, for example, a knockout cannot be
estimated. To reflect this fact, we modify equation (1°) and directly estimate
the effects of the combinations of the rules. Specifically, we include the
indicators for the four combinations, (1,1,1), (1,1,0), (1,0,1), and (0,1,0),
after taking (0,0,0) as the base group.

The results are presented in columns [3] and [4] in Table 14.5, without
and with episode fixed effects, respectively. The results again confirm that
girls do not underperform than boys under lower psychological pressure.
However, we find that girls perform worse than boys in all combinations
but the last when only the rule of buzzer is implemented.

From the results of the interaction terms, it is possible to infer the effect
of a specific rule conditional on a combination of the other two rules.”
For example, we can infer the effect of the knockout rule, conditional
on the buzzer rule being implemented but the penalty not, by subtracting
the estimate for (0,1,0) from the estimate for (1,1,0). The test results
are presented in the second-to-last panel in Table 14.5. We find that the
conditional effect of the knockout rule is statistically significant. This
suggests that a game show of the type where losing contestants are flung
out of the game is associated with a greater gender gap in performance

25 We are grateful to an anonymous referee for pointing this out.
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than in a game show where no one is thrown out. This is consistent with
our conjecture that girls, who are typically more risk-averse than boys, face
greater psychic pressure than boys in this form of the game. This choking
under pressure likely explains some of the observed gender gap.?* However,
our results are limited in that we do not know whether this is totally the
effect of the knockout or if the knockout rule is effective only when the
buzzer rule is jointly implemented.” We also find that the rule of buzzer or
penalty does not have any significant additional effect when the other two
rules are already applied.

So far, we have found that girls generally perform worse than boys in Round 1
in terms of score, especially in settings where psychological pressure is higher.
Next, we check whether the score deficit of gitls is significantly large enough
to affect the probability of their advancing to the next round when there
is any knockout. Table 14.6 presents the results from the estimation of
the linear probability model where the dependent variable is the indicator
of whether the contestant successfully advances to Round 2. Similar to
Table 14.5, first, we estimate the equation assuming the independent effects
of the game rules. The results are presented in columns [1] and [2], without
and with episode fixed effects. Then, in columns [3] and [4], we estimate
the equation directly, estimating the effects of the rule combinations. Since
the estimating subsample is restricted to those episodes with a knockout
(705 observations), there are only the combinations from the other two
rules, buzzer and penalty. Note that the base group consists of the episodes
where there is the penalty rule but no buzzer rule.

In columns [1] and [2], we find that, while girls are less likely to advance
to Round 2 when cither the buzzer rule or the penalty rule is applied and
the magnitude of the gender gap is large (ranging from 12 to 17 percentage
points), these estimates are imprecisely estimated. On the other hand,
in columns [3] and [4], we find that, compared to the base group (with
penalty but no buzzer), the estimate for the combination of buzzer and
penalty is statistically significant. Therefore, it is the effect of the buzzer,

26 Moreover, according to psychologists such as Arch (1993) and Block (1983), men are more likely
to see a risky situation as a challenge to action, whereas women view it as a threat to be avoided.

27 While numerous studies show that on average girls are more risk-averse than boys (see, for example,
Eckel and Grossman, 2002; Dohmen et al., 2011; Booth and Nolen, 2012a, b), this has been found to
depend on the task by, for example, Filippin and Crosetto (2016). Note further that time pressure may
also play a role: see Shurchkov (2012) found that males outperform females when there is time pressure,
but only in tasks where males are believed to be better. However, females were found to do better in
any type of task that did not imply time pressure. We are unable to distinguish between these potential
mechanisms with our data.
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conditional on penalty, that matters. The buzzer effect is large, decreasing
the probability of girls’ advancing to the next round by 29-34 percentage
points. However, we do not know whether the effect is solely due to the
buzzer rule or becomes significant only with the penalty rule. This is a
major limitation of our setting. Also, as in Table 14.5, we try to infer the
conditional effect of a specific rule. For example, we can infer the effect of
the penalty conditional on the buzzer rule by comparing the two estimates.
It turns out to be statistically insignificant.

Table 14.6: Probability of advancing to Round 2

[ [2] [3] [4]
Girl -0.026 -0.001 -0.026 -0.001
(0.063) (0.080) (0.063) (0.080)
Interactions with girl
Buzzer -0.127 -0.162 - -
(0.095) (0.116)
Penalty -0.159 -0.176 - -
(0.115) (0.140)
Buzzer x penalty - - -0.285** | -0.338**
(0.109) (0.136)
Buzzer x no penalty - - -0.127 -0.162
(0.095) (0.116)
Constant 0.720*** | 0.692** | 0.720*** | 0.692***
(0.084) (0.103) (0.084) (0.103)
Test result (p-value) for girl x - - 0.170 0.212
penalty | buzzer
Controls Yes Yes Yes Yes
Episode FE No Yes No Yes
Observations 705 705 705 705
R2 0.061 0.074 0.061 0.074

Notes: * 10% significance; ** 5% significance; *** 1% significance; Linear probability
models estimated by OLS. Robust standard errors, clustered by episode, are presented
in parentheses. The number of knockouts is controlled for. Control variables in Table 14.3
are included. In columns [1] and [3], without Episode FE, game format dummies are
controlled for. In column [1], the indicators for knockout, buzzer and penalty are included.
In column [3], the four combination indicators are included.
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Gender gaps over rounds

Previously, we compared games under different rules that likely provoke
different levels of competitive pressure. In addition, competitive pressure
also varies over the course of a game. For example, it is likely to escalate as
contestants advance to a higher round, or as a couple of contestants face the
moment the final winner is determined. Our results for Round 1 suggested
that girls may be more responsive to psychological stress than boys. This
emerged from the natural experiment that we have at our disposal, arising
from contestants’ responses to changes in the rules of the game.

We next examine contestants behaviour at the second stage of the game.
Studies by Cai et al. (2019) and Iriberri and Rey-Biel (2019) look at gender
differences in performance in two-stage competitions. Iriberri and Rey-Biel
(2019) use data from a two-stage math competition in Madrid in Spain,
while Cai et al. (2019) use data from the college entrance exam (Gaokao) in
China, the first stage of which is a mock examination. Cai et al. (2019) find
that, compared to male students, females underperformed on the highly
competitive Chinese entrance exam relative to their performance in the low-
stakes mock examination. They attribute this to females’ relatively lower
tolerance for psychological pressure as well as their weaker incentives to
perform in such a high-stakes situation. Iriberri and Rey-Biel (2019) analyse
two-stage elimination math contests, in which participants compete to pass
from stage 1 to stage 2 and later to be among the winners. They find that
the gender gap in math performance increases from stage 1 to stage 2 of a
math competition. They attribute the increase in female underperformance
to higher competitive pressure.

Following this literature and our Round 1 results, our conjecture is that
the gender gap in performance at the second stage will be bigger than at
the first, because the level of stress will be increasing as the competition
proceeds. The stakes will also be increasing, as potential earnings grow.
We already know from the results in Table 14.5, as well as from inspection
of the means in Table 14.1, that gitls are less likely than boys to advance to
Round 2 and that the greater male variability hypothesis is not supported by
our data. But perhaps the better girls have survived to Round 2. If so, this
would drive down the gender gap and swamp the psychological stress effect.

Along this line of thought, we now estimate equation (1) for Round 2
and check if the gender gap is indeed increasing in the second round. In
addition, we try to use two different specifications for robustness. First,
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we use the between-round score difference (Sij2 - Sij1) as the dependent
variable. In this specification, we can directly compare whether girls
perform relatively worse in the second round than boys (girls might perform
absolutely better in Round 2, but we compare the improvements with boys’
performance).

An additional specification that we use to compare girls and boys
performance changes over rounds is to use individual-round panel data and
estimate a panel-data model like the following equation:

(2) Sl_j_r =8, +‘8]Gz'r[l_j x I[r=2]+0 + T, E

where S, is the standardised score of contestant 7 in round r of episode ;.
Note that since there are two rounds, contestants can appear in the sample
up to two times. Those who are knocked out after the first round are
included in the sample, but they are not actually used because of individual

fixed effects.

The advantage of this specification is that we can control for any time-
constant unobservable characteristics of either contestants or episodes by
individual contestant-specific effects 9. The fixed effects absorb the gender
effect in Round 1 since gender is a time-invariant characteristic, but we
can capture the change of the gender effect from Round 1 to Round 2
by estimating the coefhicient for the interaction term between gender and
round indicators, Gz'rll__ x 1[r=2]. Also, we can control for episode-by-round
fixed effects, T. The éxed effects should capture any unobservable effects,
which are common to all contestants in each round and each episode.?®

Table 14.7 reports estimates from an equation where the dependent variable
is the Round 2 score. In column [1], we have the gender gap with no other
controls. Here we see that the gender gap in performance is 20 per cent,
substantially larger than the comparison of just 5.5 per cent from column [1]
of Table 14.4. Thus, the gender gap in performance in Round 2 is much
bigger than in Round 1. The estimate in column [2], where the other control
variables are included, is similar, and that in column [3] with episode fixed
effects added is even larger, being about 25 per cent. This is likely because
the level of stress is increasing as the competition proceeds. This result is
similar to that found by Cai et al. (2019) and Iriberri and Rey-Biel (2019).

28 The performance in Round 2 may be affected by the contestant’s relative ranking in Round 1.
To check this, we controlled for Round 1 ranking or the score gap from the leading contestant. The
results are similar; girls still underperform than boys in Round 2.
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It might be expected that strong competition in traditionally male domains
(for example, mathematics, as found by Iriberri and Rey-Biel 2019) may
hinder girls’ performance. However, it is interesting that exposure to extreme
competition in Round 2 of the quiz show also hampers girls’ performance
in the more gender-neutral domains (namely, history, literature, natural
science, music and the arts) of our quiz show.

Table 14.7: Round 2 performance

m [2] [3]
Round 2 score
Girl -0.197** | -0.193** | -0.258*
(0.083) (0.086) (0.132)
Episode FE N N Y
Observations 454 454 454
R-squared 0.014 0.020 0.039
Score difference
Girl -0.155* -0.155* -0.208*
(0.079) (0.082) (0.126)
Episode FE N N Y
Observations 454 454 454
R? 0.009 0.016 0.042

Notes: * 10% significance; ** 5% significance; *** 1% significance; Robust standard
errors, clustered by episode, are presented in parentheses. Age dummies with missing
age as the base group are included in all specifications.

In Table 14.7, we also report results from estimating an equation of the form
(Sl,]2 - §_I), where the first difference allows us to difference out individual
fixed effects that are likely to affect performance. This is estimated on the
subsample of 454 contestants for whom we have complete data in rounds 1
and 2. Here we also find that differenced performance is significantly lower
for girls than boys, again likely illustrating that the level of stress is increasing
and self-confidence eroding as the competition proceeds.

The results from estimating equation (2) also show that girls perform
relatively worse in the second round than in the first round compared to
boys. We estimate the coefhicient of the interaction term between indicators
for girls and Round 2 with individual contestant fixed effects and episode-
round fixed effects. The estimate is similar to those in Table 14.6. The point
estimate is -0.203 (p-value = 0.047).
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Gender gaps over questions

The specification in equation (2) above compares contestants’ performance
between rounds 1 and 2. The idea is that competitive pressure is larger in
the second round. At a more micro level, competitive pressure may change
within a round over questions as the game proceeds. Such a dynamic
analysis can be helpful in shedding more light on contestants’ behaviour
under competitive pressure because we can observe individual contestants
at every moment their winning probability changes.”

We are able to undertake play-by-play panel data estimation using data
from some of the shows. As can be seen in Table 14.1, in episodes 577-592,
there are no rounds or knockouts, and each show’s five contestants answer
all 25 questions until the end of the game. The contestant with the highest
score becomes the final winner. Two of these 15 shows were special formats,
and we therefore dropped those and used data from 13 of the shows. From
these 13 shows, we construct individual play-by-play performance data,
with a panel structure of 25 periods (questions) per contestant. This yields
an estimating subsample of 1625 person-round observations. By watching
all episodes from the beginning to the end, we record detailed information
about all five contestants’ actions and outcomes for each question: whether
they successfully pressed the buzzer (that is, pressed it faster than others)
and whether their answer was correct. We use one of these action/outcome
variables as the dependent variable in the following regression equation.

(3) Y;jl =8, + [BIGiVZI.], + [BQWPZ_# +ﬂ3Gz'rlij X WPZ-]-, + ;/PY;[ + 7, + 3] t

where subscripts indicate individual contestant i and question number
t (i.e., th question, from 1 to 25) in episode j. We observe individuals
repeatedly in 25 questions.

We examine two outcome variables. Y, is the indicator for whether
contestant i in episode j obtains the right to answer question # or the
indicator for whether contestant 7 in episode j obtains the right to answer
question ¢ and gets the question right. There might be multiple contestants
who obtain the right to answer because the fastest one got the wrong answer,
and then the next one is determined again, depending on who presses the
buzzer fastest, excepting the one who got the wrong answer in the first place.

29  This can be viewed as a form of feedback, and we use the winning probability as a proxy for this.
For papers that are able to use more explicit forms of feedback, see Eriksson et al. (2009) and Berger and
Pope (2011), though the latter does not look at gender.
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The biggest advantage of using panel data is that we can examine how
contestants behave over the course of the game. In particular, we think
that the most important factor contestants consider over the course of
the game should be the winning probability. This is because the game is a
winner-takes-all type of game, so the probability of winning the game is
ultimately more important than absolute scores.”® Therefore, unlike cross-
sectional analysis using equation (1), we control for the (predicted) winning
probability of each contestant at the moment of question £, WP,

It is obvious that the winning probability matters for contestants’ behaviour
or strategy, but it is not directly observed, even by the contestants themselves.
We assume that contestants, like econometricians, estimate their winning
probability at the moment of question t by using the probit model of the
following form:

(4) Prob(Final Wz’nnerl.j )= F(;/]Scoreiﬂ + 725Gﬂpl.jt + ;{dePoz’ntsﬂ ),

where the dependent variable is whether contestant 7 is the final winner
in episode j. Explanatory variables are the contestant’s own score (Score, ),
their score gap (S Gapijl) with the top-ranked contestant (which is zero if the
contestant is top-ranked), and the maximum points available after question
t (MaxPointsjt). We estimate the model for 7> 2. At the beginning of the
show (# = 1), we assume that all contestants have an equal probability of
winning (0.2). Similarly, we assume the probability is one if the contestant
is top-ranked and the score gap between their score and the second-ranked
contestant’s is greater than the maximum points available. We assume
that contestants predict their winning probability by using the same
probit model.

In addition to checking whether the effect of winning probability differs by
gender, we include the interaction term between the winning probability
(in the mean deviation form) and the indicator for girls (Gir[l_]_ X WP;’;:)'
We control for the fixed effect (7) for the question number to capture any
effects that might arise as the game approaches the end. As before, 9. is
the episode fixed effect. Since the sample is a balanced panel dataset at the
individual level, we can further control for individual contestant-specific
fixed effects instead of the episode fixed effect. For robustness, we will

30 However, it is possible that contestants still consider their final scores importantly because of their
intrinsic motivation. Objectively, there is no difference between, for example, second place and the last
place, but it might matter emotionally or socially since they are watched by friends and families.

31 The estimation results of the probit model are presented in Appendix Table A14.1.
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present the results from both specifications.?? Lastly, we control for the
number of points of the question (P77). All contestants know these points
before responding. We expect that the larger the points are, the more likely
contestants are to take a risk, that is, pressing the buzzer even without full
confidence in their answer. Thus, the likelihood of pressing the buzzer will
be higher, but the accuracy rate will be lower.*

We report in Table 14.8 the results of estimating equation (3) using the
individual-level panel data, where there are 25 questions. Columns [1]—[3]
show the results for whether an individual pressed the buzzer fastest and
obtained the right to answer, and [4]-[6] the results for whether the
answer was correct. For each outcome, we try three specifications: with
or without control variables and with individual fixed effects. As we are
using individual-level panel data where there are 25 questions, we control
for question number dummies (which are similar to time variables in usual
panel data) as well as episode fixed effects.

Table 14.8: Individual play-by-play performance

[1] [2] [3] [4] [5] [6]
Buzzer Accuracy
Girl -0.045* | -0.045* - -0.039** | -0.038** -
(0.022) | (0.023) (0.016) (0.016)
Points - 0.002 0.002 - -0.002** | -0.002
(0.002) | (0.002) (0.001) (0.002)
Winning prob. - 0.131 -0.119 - 0.142 -0.238*
(0.135) (0.127) (0.124) (0.120)
Girl x winning prob. - -0.323* | -0.369* - -0.226* | -0.156
(0.167) (0.194) (0.109) (0.152)
Constant 0.290*** | 0.199*** | 0.246*** | 0.198** | 0.217*** | 0.297***
(0.008) | (0.040) | (0.065) (0.006) (0.036) (0.062)
Question number FE Y Y Y Y Y Y
Episode FE Y Y - Y Y -
Individual FE - - Y - - Y
Observations 1625 1625 1625 1625 1625 1625
R2 0.008 0.021 0.065 0.003 0.008 0.057

Notes: * 10% significance; ** 5% significance; *** 1% significance; Robust standard
errors, clustered by episode in columns [1], [2], [4] and [5] and by individual in columns
[3] and [6], are presented in parentheses.

32 In the panel data analysis, we did not control for the control variables included in equation (1).
They are individual-specific constant variables, such as age and school type. Instead, as a robustness
check, we try to control for individual-specific fixed effects, which should absorb all the effects from
those time-invariant individual characteristics.

33 We estimate Eq. (2) by the linear probability model. We also experimented with using probit or
logit models, but as the results are qualitatively same, we do not report them here.
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The results reveal some intriguing gender differences. First, girls are less
likely to press the buzzer fastest. Column [1] shows that girls’ probability
of obtaining the right to answer is about 4.5 percentage points lower than
boys. The estimate is robust to including control variables. In columns [2]
and [3], we included the interaction term between the winning probability
and the indicator for girls. The results in column [2] show that girls are less
likely to press the buzzer fastest, and this tendency is more salient when
their winning probability is higher. The results are robust to controlling for
individual-specific fixed effects in column [3].

Columns [4]—[6] present the results for accuracy, that is, whether or not
the contestant earns points. In other words, this is whether or not the
contestant presses the buzzer fastest and his or her answer is correct.** Thus,
the outcome variable is the multiplication of the probability of obtaining
the right to answer and that of the answer being correct. In columns [4]
and [5], we find significant gender differences; girls are less likely to earn
points than boys. However, the magnitude of the estimates is absolutely
smaller than that of those in columns [1] and [2], where the dependent
variable is just the probability of obtaining the right to answer. Comparing
the estimates for the interaction term between columns [2] and [5], we also
find that the estimate in column [5] is smaller in the absolute term than
that in column [2]. This means that while girls are less likely to press the
buzzer fastest, the gender gap is weaker because there is a smaller gender gap
in terms of accuracy. The estimate for the interaction term in column [6]
is also smaller and statistically insignificant. In the results for accuracy, it is
notable that accuracy is lower when the points are larger. This is probably
because contestants are more likely to take a risk when the stakes are larger.

The results suggest that girls are more passive than boys, especially when
they are closer to winning the game. To see this pattern in more detail from
a dynamic perspective, we estimate equation (2) by restricting the sample to
that closer to the end of the game gradually, that is, restricting the sample by
r< 1,2, ..., 25. We use the same specifications as those in columns [2] and
[5] in Table 14.7, where we control for episode fixed effects and present only
the estimates for the gender dummy (Gz'r/i].) and the interaction term (Gz'r/l.].
x WP,). Figure 14.2 plots the point estimates and 95 per cent confidence
intervals. Also for comparison, we present the estimates for the average
effects from columns [2] and [5] in Table 14.7 by horizontal dashed lines.

34 In order to estimate the gender effect on accuracy per se, we need to estimate a two-stage system of
equations where the selection equation for obtaining the right to answer is jointly estimated.
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Figure 14.2: Gender differences in end-of-game behaviour

Note: The graphs are based on the estimates from equation (2) for the subsample
where guestion number is greater than or equal to each number on the horizontal axis.
The point estimates and 95 per cent confidence intervals are presented. The horizontal
dashed line represents the average effect presented in columns [2] and [5] of Table 14.7.
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Figure 14.2 reveals intriguing dynamics of gender differences. In particular,
the female gender dummy effect improves as games wear on, but only up to
around the 20th game; after this point, both buzzer-pressing and accuracy
decline for girls. This suggests that girls may be losing tenacity or confidence
as the end of the 25-stage game approaches, and that, as a consequence,
they reduce their effort.® In other words, the girls are quitting too easily.
The results show the dynamics of accuracy rates, and the overall trends are
similar, which means that the dynamics are basically driven by the behaviour
of buzzer-pressing.

Conclusions

In this chapter, we analysed performance data from a long-running Korean
television quiz show, whose contestants were on average 17 years old. First,
we found that while there is typically a gender gap in performance across
episodes of the quiz show game, this gender gap is not found in baseline
games with less competitive pressure. Second, to investigate underlying
mechanisms that might explain these gender gaps, we explored how male
and female performance varied under different combinations of rules of
the game. We found that there are no gender gaps when stress is kept to a
minimum. However, in games with particular combinations of knockout
rules, there are significant gender gaps in performance. Owing to the way
in which the game show was implemented, we were unable to distinguish
whether this was due solely to knockouts or to the combined effect of, for
example, knockoutand buzzer press. Yet we were able to show the conditional
effect on the gender gap in performance of particular rule combinations.

Third, we explored performance in Round 2 of the shows, where we
found larger gender gaps. These are consistent with girls being increasingly
hindered by psychological stress and risk aversion as the competition
proceeded. Finally, we used panel data to estimate performance in the games
in which players stay in for 25 questions. Here, we found that girls are
less likely to respond faster even when their winning probability is higher.
We also found that their probability of answering correctly is lower. These
panel data results are consistent with boys™ overconfidence and girls’ lack
of confidence.

35 Ananalogous effect was found by Cai et al. (2019) and Iriberri and Rey-Biel (2019), whose females’

average performance dropped off at the final stage of their 2-stage competitions.
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It is interesting that we have found these gender gaps in performance in
Korea, whereas they have not been found in the US game shows (see Jetter
and Walker 2016). This may not only be due to different cultural values
between the two countries, but also because our results come from variations
of a previously studied game and not from the basic format.

Finally, we consider the chief policy implication of our findings. As we
noted in the Introduction, obtaining promotion and pay raises often
involves competition. If women respond negatively to some forms of
competition but men do not, there will be fewer women succeeding in such
competitions. Our results indicate that in Korea, gitls are significantly more
adversely affected by certain combinations of high-stress game rules.
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Appendix

Table A14.1: Winning probability

(1 [2]
First Last
Score 0.007** 0.0171%**
(0.001) (0.001)
Score gap -0.008*** | -0.002**
(0.001) (0.001)
Max points 0.000 0.000
(0.000) (0.000)
Constant —2.342%** | -1.702***
(0.505) (0.491)
Observations 1560 1560

Notes: ** 5% significance; *** 1% significance; probit model; marginal effects.
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