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Abstract: By conducting a P-Beauty Contest while monitoringypr's beliefs, the gender
sensitivity of men and women is investigated. Thidence suggests that women believe men
to be better in the field of iterated reasoningrethough the contest itself reveals this not to

be the case. Men on the other hand seem to bdrimegender prejudices and also show
signs of diminished "male overconfidence".



1. Introduction

Over the last few years a huge amount of literatt@s emerged, describing various
differences between men and women, which mightagxpghe current gender gap in the labor
market. One explanation for the observed differense¢hat both sexes tend to have different
attitudes toward psychological attributes as dbscriby Bertrand (2011When examining
gender differences, it becomes apparent that pityn@omen tend to be gender sensitive, i.e.
they treat men differently from how they treat aottveomen. Gneezy et. al. (2003) for
example noted that a woman's performance in cotigpetbased experiments is increased
when playing against other women, while it is tyig decreased when playing against men.
Another example comes from Ben-Ner et al. (200d3cdbing that women in a dictator game
tend to give less to other women and more to meosdh and Gneezy (2009) also noted that
in an ultimatum game women do accept offers motenoivhen coming from men. This of
course raises the question of the importance ofydreler composition of the environment.
Bertrand (2011) explains the existence of the gersinsitivity partly with different
psychological attributes. One of her argumenthésexistence of the “Gender Identity”, i.e.
the typical gender role, or what could be calle&kpé&cted actions from men/women”.
Reading her paper and looking further into thedfigl education also provides the notion that
women expect men to be better particularly in telel§ of mathematics and rational thinking,
even though this is not always the case.

| therefore had the hypothesis that women belieea to be better in the field of iterated
reasoning, even if they perform as well as menMiphypothesis can also be put simply by
saying: Women believe that men are more capabépplying iterated reasoning than other
women. The hypothesis is based on the notion ti@ted reasoning is often being associated
with mathematical skills at first sight, even thbugamerer (2003) notes that this is not the
case at all.

| also had the hypothesis of men underestimatirgr topponents more than women
(especially other women, due to the prejudice ofreo being weaker in terms of
mathematical/logical reasoning) do, since extremeraonfidence among men is a common
feature of male thinking. In this regard | wanteé beliefs of men to be tested as well. The
guestion to be answered was: Do men overestimatenderestimate women, or do they
believe that both genders are equally capablestdtied reasoning?

To examine the differences in the beliefs of itedateasoning between men and women a



simple P-Beauty Contest-Experiment (often alsoedathe "Moulianian Beauty Contest")
with individual belief monitoring was conducted,piag to give crucial insights about the
different beliefs of the genders and their thinkprgcesses.

2. The P-Beauty Contest

The P-Beauty Contest is often described as theegeexperiment to measure the level of
iterated reasoning. The rules of the game are bev&@ The game requires at least two
players, but can theoretically also be played \aithinfinite amount of players. Before the
game starts, the value of p, the multiplier, isegito the players. In this example the value of
p shall be 0.6. Each player then has to chooserdeubetween 0 and 100. After every player
made his choice the mean of all submissions isiptield with p (in this case 0.6). The player,
who is closest to the mean multiplied with p (=0a)s the game.

In theory, where every player is capable of periiecated reasoning, each and everyone will
pick O (Nash equilibrium) to be his/her value, sinhe potential payoff is maximized at this
point. The thinking process behind these outcomemiite intuitive: Let's assume that Player
1 might think to herself that every player in heoup would pick the value 100 and thus
implying that every opponent applies no iteratealsoming. Then the average of the group
would be 100, which is multiplied with p=0.6, leagithe group with a final value of 60. In
this case Player 1 might be tempted to choose @fettier submission value (level 1 of
iterated reasoning), but only until she realizest il the other participants might think the
same and might also choose a submission value.dh @Bis case the final value would be 36
(=60 multiplied with the p value of 0.6). Now agaPlayerl might be tempted to submit the
value of 36, which could be characterized as “I&vef iterated reasoning”, but only until she
again realizes that the other participants migimktthe same and pick the number 36 as their
submission value and thus lower the final valuendwuether. This downward spiral continues
until eventually all players will choose the valOgo be their submission value. Once the
value of 0 is reached no player has an incentivaetoate, making 0 the Nash equilibrium of
this game.

In the case of p>1 the predicted outcome will b8, Kince the dynamic process seen above
will lead the players to submit the highest possidlue and thus maximizing their payoff.
Yet when the beauty contest is being played witlividuals, who do not have any experience
in game theory, the results are more subtle thadigied by economic theory. The first

experiment done by Nagel (1995) found, that thectipplayer makes 1-2 steps in iterated



reasoning, when playing the game for the first teme having no insights into game theory
what so ever.

To confirm my hypothesis it is crucial to know, viher the players really understood the
mechanism of the game itself. One can legitimaaetyue that participants do not understand
the game when their submission value is above idjieebt possible mathematical value. If,
like in this case p=0.6, the highest submissiomue&db submit would be 60, which would
leave us with the certainty that participants wstitbmission values higher than 60 did not
even made one step in reasoning and therefore didunderstand the game nor its
fundamentals, which is necessary when analyzingyepk® beliefs. Therefore belief
submissions of players, who obviously did not ustésrd the game shall be neglected, since
in order to make a credible statement on beliéts,mmechanism at work has to be understood

first.

3. Experimental Procedure

The experiment was computerized with the softwazelree” (Fischbacher 2007) and
conducted at the University of Passau.

Participants played in small groups of four in what least one player had a different gender
than the rest. The beauty contest consisted ofiddgy in which the p-value changed from 0.6
in the first two rounds, to 0.3 in round 3 and t8 in the final round. The first round was
designed as a “test round” and constructed prigméoil the players to get accustomed to the
principle of the game. As many researchers havet@wiout, one cannot assume that players
will understand the game and will play “the righaay when playing for the first time. In this
sense, the second round offered a second chanteefaontestants, who (hopefully) would
have had understood the mechanism of the gameabpdimt.

The p-value of round 3 was chosen to be very lawnarily to sensitize the players to the
forces involved in this game. A very low p-valudlwlrastically decrease “the winning value”
and thus should lead to an enormous decrease missibn values, conveying the idea to the
contestants, that the all determining factor is titame is the value of p itself. The final round
had a p-value of > 1, just to show players thatrttechanism at work can also pave the way
to the opposite direction and making it “a racehe top” instead of “a race to the bottom”.
Right after the players received their game ingibns (Appendix: Screenshot 1) and right
before they submitted their value for the actuaubg contest (Screenshot 3), each player had

to submit they beliefs about other player's subrorss values (Screenshot 2).



The monitoring of the player’s beliefs was challegg since players had to know against
whom they were playing (male or female), withousligng that the game was about
measuring gender effects. Thus, simply giving piaytee information about the gender of
their opponent wasn’t an option to begin with, sifficmight convey the intention of a gender
experiment and hence may have altered player'scebadr beliefs. Instead, a system was
designed, in which all contestants could physicalye against whom they were playing,
which of course would also provide subliminally tiender of the opponent to each player.
In order to form groups and show people who thesevptaying against, small pennons were
installed at each work place. The pennons indicétiedgroup and the number within the
group, making it possible for every player to pimpavhich number they were and against
whom they were playing. The individual identificatiwas also pointed out to each player at
the beginning of the game (Screenshot 2). Thusiisheof participants mistaking their group
and number was deemed to a minimum.

At the beginning of the experiment it was also doterbally, as well as in written form that it
was allowed to (if necessary) turn around and takdoser look at the players they were
playing against, which the contestants did. Furtbensultations were strictly forbidden and
did not occur during the game.

After the players submitted their value, they wenéy informed about whether they had won
the game or not (Screenshot 4&5). Displaying thener of the round to the players who lost,
might have influenced the loser's beliefs in thetneund. Yet, the participants were
informed about the “winning value”, i.e. the avezagyoup value multiplied by p, providing
some fundamental figures to the players, withouingi away easily the most important one:
The average of the group.

It was lambasted, that asking the participantgteir beliefs, might be similar to giving them
hints of how to play the game, since the first si€fhe reasoning process is to ask yourself,
what the other players might pick. It might therefde likely, that players show a higher
level of iterated reasoning than measured for exarbp Nagel (1995). Also, some of the
participants had experience in game theory, whiohlevfurther lower the average numbers
submitted by a reasonable amount. Hints of thetexte of both factors lowering the
submission value in general, can be found in thgeagix in the distribution graphics. An
extraordinary amount of players chose very low nerstto begin with, a large proportion of
them even chose numbers between 0 and 5 in thedusd. Fortunately, having experienced

players does not bias the experiment, since itimsgrily about beliefs, not about performance.

'The groups were indicated by different colors. There were 5 different Groups: Blue, green, red, white and
yellow.



4. Reaults

A total of 56 Player participated in the experimestnsisting of 30 women and 26 nfen.
looked at the submissions the players made duhagmhole experiment and sorted out the
submission values, as well as the belief valuegwhwas inevitable that the players had not
understood the mechanism of the game (cleanseésjalds mentioned above, this was the
case, when a player submitted a value, which waseakhe highest possible mathematical
value. The removing of these values can only lpiegbon the first three rounds, since there
IS no maximum submission value in round 4, makingpossible to see, whether the player
had understood the game by that time. | also neglethe submission and belief value
submissions in round 1 or 2 (even though the value® mathematically possible), when a
player submitted a value above 30 in the third dyumplying that he had not understood the
game mechanism up to this point and picked valoest than 60 in the first rounds by pure
coincidence.

On the other hand, if a player submitted a techiyicg@mpossible value in the first round, but
submitted a mathematically possible value in tre®sé or third round, the submissions of the
second/third round were taken into consideratioggssting that the player had learned the
mechanism of the game.

The number of values, which were taken into conatiten for the belief analysis, are listed in

table below.

Round 1 Round 2 Round 3 Round 4
Submissions taken 23 26 28 30
into consideration
women
Beliefstaken into 69 78 84 90
consider ation women
Submissions taken 19 22 22 26
into consideration
men

Beliefs taken into 57 66 66 78
consider ation men
Submissions taken 42 48 50 56
into consideration
total

Beliefstaken into 126 144 150 168
consider ation total

Table 1 - Cleansed data set

? For the University of Passau the amount of men participating was unwontedly high. The high participation
rate can be explained with the recruitment process in lectures, in which it was stated that: “In the last years we
had a shortage of men. In this sense, men are also very welcome to join the experiment this year”.



The beliefs(based on the cleansed data pof men and women are displayed igure 1.
The notionis as following: The first letter depicts the gendéthe believer, while the seco
letter depicts the person, of whom the belief is abouthia sens¢‘Belief M — W” displays
what men believevomen to choose as their submission va“‘Belief W — M” on the other
hand displays the value women believe men to gtk Figure 1 indicate that the hypothesis
of women beingnore gender sensitive seems to be legitimate, wnddypothesis about tl
beliefs of men can be dismiss Men being extremely @rconfident or being gend

sensitive cannoteverified, since no clear tende! is observablé.
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Figure 1 - Beliefs of men and women (mean)

From now on, | thereforeoncentrat on my first hypothesisFor a better overvie, the
beliefs of women are once again disple in more detail in figure2. Women, so it seem
believe men to submit lower values than other wol@h hence assuming men to be be
when it comes to iterated reasor. The first round builds an exceptito this rule, but as
previously mentioned alsepresent a test roundwhich hence does nnecessarily neglect
the trend observet.

In Round 2 and 3 theeliefs about men are well bene the beliefsabout other wome, while
in round 4 this trend iseversed (Reminder: in round 4 a higher value so@ated with ¢
higher level of reasoning since 1,3).

3 Assuming that men are equally capable of iterated reasoning, overconfidence among men would manifest in
higher belief values. This cannot be observed.

4 Participants might have been "surprised" by the belief monitoring, since it was not announced in the game
description. When they were asked for their beliefs again in the following rounds, the players might have had
more time to think about their actual beliefs and might have stated a more accurate belief.



Even though the statics are cleansed, extreme s/aloeve 60 are wiped out of the data |
and no real difference between the mean and medn be expected, thmedian is depicted
in figure 10 (Appendix) Both figures show an identical pattern, indicatiaguniform
distribution of beliefs.

Women, so it seems, teriddeedto believe that men arbetter in the field of iterate
reasoning, even tlugh they still underestimate male iterated thigkoapabilities(with the

exception of round 2).
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Figure 2 - Beliefs of women (mean)

But do men really do better than women? The answ@rclear "no". The results of the ge
are depicted in table 2. It might be added thotiggt, the overall amount of wins per rounc
not 14 in every round, as one might suspect. Thiduie to the existence of more than
winner per round, in case more than one player gtdmthe same \nninc-value. Table 2

also depicts the “double wins” of each gender,rg\a better, unbiased overvit

Round 1 Round 2 Round 3 Round4

Men 4 7 5 7
Women 11 9 9 8
Double Win Men - - - -
Double Win 1 1 - -
Women

Double Win - 1 - 1
mixed (M & W)

Table 2 - Gameresults



Looking closer, table gives the impressic of women actuallyperformingbetter than their
male counterpariseven if one takes the higher amount of womenigpating in the
experimentinto consideratio. One reasonable explanation fdrst figure might b that
(compared to merg considerable amount of women Iprior knowledge of game theory f
sure, as pointed out by a fellow stud® They hence had the advantafénowing about th
iterated reasoning proceddnfortunately | did not monitor fi prior knowledge in gam
theory, which would have bechelpful and could have explainedme of the figures in det.
Camerer (2003) notedhat people with prior knowled win almost every timédn the first
roundwhen playing against “newbie’. This advantageaccording to Camerer, vanishes a
the first round. Camerer’s remarks would therefaceount perfectly for tt sheer flood of
female victories observabie the first roun.

Looking at Figure 3the average values play by men and women), geens to confirm the
hypothesis that there is no big gap ben male and female performances, even th
female pick a value which is slightly lov (higher in the last roundjhan the values gked
by men. | also markethe best respon’, to show which values caverage would have wc

the game.
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Figure 3 - Average values played by men and women (normal data set)

> According to the student a group of female students, who participated in the experiment had played a beauty
contest before on a seminar held by the University of Passau.

® An enormous amount of female participants were picking values between 11 and 20 in round 1 (see
Appendix), which were close to the average value to pick in order to win the game.

’ The best response is achieved by looking at the average submission values of all men and women multiplied
with p. cleansed



To explain these results without the "prior knovget theory, it was further suggested that
there might be a gender difference in terms ofebednd submission values, i.e. men may
have “better” (more realistic) beliefs than woment fail to discount properly. Looking at

table 3 suggests that the theory of women discogntiore accurately might indeed be right.
Table 3 elucidates on the average difference betvilee values one should have submitted
according to the own beliefs stated and the actahles submitted. Women on average
deviate less from the best response (to their osliefs) than men do. They "discount” more
accurately than their male counterparts, with etoapof round 4, where both genders are

deviating to a large degree from their best respons

Submissions of men deviate by X from Submissions of women deviate by
best responseto their belief X from best responseto their
belief
Round 1 -3,6 -0,7
Round 2 -3,7 -1,2
Round 3 -2,4 -1,2
Round 4 7,7 7,9

Table 3 - Deviationsfrom the " correct” values (According to the beliefs stated)

For a better understanding | depicted the beliefsen and women compared to their actual
submission values in Figure 4 and 5.All three demis are giving crucial insight into the
thinking process of the contestants, which is ashamgly close (in particular when looking at
women), as to what is predicted by economic thebhg average submission values of men
and women are clearly one step beneath (in rourebdve) the submitted beliefs. This is
backing up the validity of the experiment, showthgt people clearly form an opinion about
the value of other players and “discount” it suhsadgly. The fact that both sexes are
"overshooting", i.e. picking numbers which are Islig lower (round 4: higher) than the best
response, could be explained by limited computatimmmans cannot calculate as precisely as
machines). Alternative explanations could be ofcpsjogical nature. Contestants in this
sense could overshoot because they have slighttsl@dout their own beliefs (Such as:
"Maybe I've underestimated my opponefit2ihd thus choosing a value slightly lower (round

4: higher) for security reasons.

® As a contestant told me afterwards, this was a thought she had right between the steps of submitting her
beliefs and picking her submission values.
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Figure 5 - Average beliefs and submission values of women (cleansed data set)

5. Conclusion

The hypothesis oivomen being gender sensitive seems not be w meril. Women expect
men to pick lower (in round: higher) values than they expeather womento do and
therefore believe men to be potentially bettt terms of iterated reasoning, which is not
case, agan be seen, when looking the results. Both gendesgem to be equal in terms
performanceo say the least. Even more:omen seem tperform slightly better, than the
male counterpart®easons for these resitcould, among others, lzehigl amount of women,

who hadprior knowledge of gamtheory.



Casting a glance at the beliefs and the actuakgghlayed also reveals that both genders play
extremely close to the best response to theirdstagdiefs. Women in particular are right on
the spot, choosing on average a submission valiehwits their beliefs precisely.

Extreme overconfidence among men, in terms of netie\ong other players to not apply as
much steps in iterated reasoning as women do, tdmenobserved. This then again raises an
important question about the male overconfidendegodiminished, when the estimation of
the opponent is essential for winning. Further expents could therefore try to answer the
guestion whether the extreme overconfidence amalgspas observed in many experiments

before, may only occur, when males “can afford it”.
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7. Appendix
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Figure 6 - Distribution of male and female submission valuesin round 1
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Screenshot 1 - Instructions

Anweisungen:
An deinem PC ist eine Zahl auf farbigen Papier angebracht. Die Farbe des Papiers steht fur deine Gruppe. Die Zahl
gibt deine Nummer innerhalb der Gruppe an.
Schau dich ruhig einmal im Raum um und sieh dir an, wer alles in deiner Gruppe ist, da du gleich ein Spiel gegen sie
spielen wirst.

Die Regeln des Spiels lauten wie folgt:
Jeder Spieler eurer Gruppe soll gleich eine Zahl zwischen 0 und 100 angeben, die er sich frei aussuchen kann. Der
Computer ermittelt den Durchschnitt aller genannten Werte, die von den Spielern deiner Gruppe angegeben wurden.
Dieser Durchschnitt wird anschliessend vom Computer mit *0,6" multipliziert. Der Gewinner des Spiels ist derjenige,
‘dessen Nummer am Nachsten an dem Durchschnittswert multipliziert mit "'0,6™ liegt.
Fr dieses Spiel darfst du dir die einzelnen Mitglieder deiner Gruppe jederzeit genauer ansehen. Es ist jedoch
absolut verboten sich Pl oderF i zu

Hast du etwas nicht verstanden oder bist dir unsicher? Dann melde dich und frage noch einmal nach :)

lich habe alles verstanden und bin bereit]




Bevor wir starten, beantworte doch aber bitte noch eine Frage: Welche Zahl glaubst du werden deine Mitspieler gleich bei dem Spiel angeben?

Du bist Spieler Blau 3

Welche Zahl glaubst du wird der Spieler Blau1 wahlen?

Welche Zahl glaubst du wird der Spieler Blau 2 wahlen?

Welche Zahl glaubst du wird der Spieler Blau4 wahlen?

IOE

Screenshot 2 - Belief submission

Nun aber zum eigentlichen Spiel:
Nochmal zur Erinnerung, der Durchschnitt der Gruppe wird mit 0,6 multipliziert!

Wie lautet deine Zahl fur das Spiel?

[

Screenshot 3 - Actual submission for the beauty contest



Dein Tipp lautete: 20

Der Dt aller Werte mit 0,6 befragt: 18
Du hast den besten Tipp abgegeben und hast diese Runde gewonnen =-)

Screenshot 4 - M essage for winners

Dein Tipp lautete: 40
Der Durchschnittswert aller angegebenen Werte muttipliziert mit 0,6 betragt: 18
Du hast leider nicht den besten Tipp abgegeben (.

Screenshot 5 - Message for losers



