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Abstract
We develop a new design for the experimental beauty-contest game (BCG) that is suitable
for children in school age and test it with 114 schoolchildren aged 9–11 years. In addition, we collect measures on cognitive skills and perspective-taking abilities to identify
determinants of successful performance in the game. Results demonstrate that children
can successfully understand and play a BCG. Choices start at a slightly higher level than
those of adults but learning over time and depth of reasoning are largely comparable with
the results of studies run with adults. Cognitive skills are predictive only of whether
children choose weakly dominated strategies, whereas measures of perspective-taking
abilities are strongly linked to successful performance in the BCG. These findings emphasize the importance of perspective-taking abilities for strategic interaction and economic
decision-making. Our new design for the experimental BCG allows further study of the
development of strategic interaction skills starting already in school age.
JEL classifications: C72, C92
Keywords: children, experimental beauty-contest game, guessing game, strategic interaction, decision-making, perspective-taking, theory of mind, empathy, noncognitive
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Introduction

An important skill for economic actors is the ability to anticipate the actions of others
in strategic settings and to choose one’s own actions accordingly. There is a very wide
range of situations in which these strategic interaction skills are crucial.1 For example,
in their well-known study on signaling games, Cooper and Kagel (2005) argue, based on
recording and coding of the dialogues of experimental participants, that “a critical step
in monopolists’ learning to play strategically is putting themselves in the entrant’s shoes,
reasoning from the entrant’s point of view to infer likely responses to their choice as a
monopolist.” Similarly, empirical evidence demonstrates that individual investors base
their investment decisions on their beliefs about the return expectations of other investors
(Rangvid, Schmeling, and Schrimpf 2013; Egan, Merkle, and Weber 2014). Another example
are most forms of matching markets; specifically, Braun et al. (2014) show this in the
context of a laboratory study that investigates students’ behavior in university admissions
procedures. Finally, the dynamics and outcomes of weakest-link games, representing, for
example, coordination problems in a firm, depend on the players’ ability to anticipate the
actions of their peers (e.g., Brandts and Cooper 2006).
But why studying these skills in children? In the last two decades, a large number of
studies (summarized in Kautz et al. 2014) has documented that preferences and skills are
shaped in the early years, they form the basis for future investments, and fundamentally
determine adult life outcomes. For this reason, the early development of preferences
and skills has been studied in great detail in recent years in the economic literature (see
Sutter, Zoller, and Glätzle-Rützler 2019, for a review). By contrast, children’s strategic
interaction skills have been studied much less, despite being of similar importance in their
own right as well as for the life cycle of skills. The study of strategic interaction skills
among children is inherently difficult, reflecting Jean Piaget’s view that up to a certain
age children systematically lack the ability to adopt other’s perspectives (Piaget 1962).
Hence, existing work on this topic has so far considered only settings, in which children
interact either with a single peer child or with a computer (see the literature review below).
However, this disregards the fact that most strategic interactions outside the laboratory
involve several (and often large numbers of) peers, and thus require a more comprehensive
notion of strategic sophistication.
1

Brocas and Carrillo (2018b) define strategic interaction to be the intrinsic ability to anticipate the actions of
others and to act accordingly.
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Here, we develop a novel design to study strategic interaction skills in children, which
is based on the experimental beauty-contest game (henceforth, BCG) introduced by Nagel
(1995, at that point called “guessing game”): N decision-makers simultaneously choose a
number x between 0 and 100 and the person with the number closest to p∗x̄ wins a fixed prize
(mostly, p = 2/3). This economic game has been used to study strategic interaction in groups
for more than two decades. The experimental BCG has a strong advantage compared with
most other interactive games used in economics to study decision-making (e.g., ultimatum
game, public good game, etc.): Neither social, nor time or risk preferences should affect
decision-making (cf. Kocher and Sutter 2005). A substantial body of knowledge has been
developed concerning how various game parameters such as repetition, feedback, or time
pressure affect performance in a BCG (Duffy and Nagel 1997; Ho, Camerer, and Weigelt
1998; Weber 2003; Kocher and Sutter 2006) and how individuals vs. teams of different sizes
behave (Kocher and Sutter 2005; Sutter 2005). Yet, there is no study measuring strategic
interaction skills in groups with children. Given the relevance of strategic interaction skills
for economic decision-making (see above), having such a measure of strategic interaction
skills for children would not only be interesting in itself but would also enable us to shed
light on which other skills (cognitive or noncognitive) are the building blocks to developing
strong strategic interaction skills over the life cycle.
To achieve this goal, we simplify the experimental BCG into a board game—we make it
less abstract, provide concrete and visually illustrated operations with a spatial interpretation corresponding to each step in the game, and use the median, integers (0–100), p = 1/2,
and only five players per group. Applying this new design for the experimental BCG, we
study the behavior of n = 114 children aged 9–11 years in the game and demonstrate that
they are capable of successfully playing an experimental BCG. We also validate the new
design using an adult student sample with n = 120. In a second step, aimed at understanding the building blocks of strategic interaction skills, we show that children’s performance
in this game can be linked to dispositional characteristics, such as their fluid IQ and their
perspective-taking abilities. Our results demonstrate that fluid IQ is predictive only of
whether children choose dominated strategies, whereas measures of perspective-taking
abilities are strongly linked to successful performance in the game. To the best of our
knowledge, this is the first attempt to analyze the relationship between perspective-taking
abilities and performance in strategic interactions in groups. Hence, we contribute to the
literature on strategic interaction in two ways, namely by (i) developing a tool to study
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strategic interaction in groups with young children and adolescents, and (ii) analyzing the
role of perspective-taking abilities (as well as cognitive skills) for strategic interaction.
Our study is related to a literature on strategic interaction in children. Some early
studies (starting with Murnighan and Saxon 1998; Harbaugh and Krause 2000; Harbaugh
et al. 2003; Harbaugh, Krause, and Liday 2003) have examined children’s behavior in simple
interactive games, such as dictator, ultimatum, trust, and public good games. However,
there is a scarcity of research about more complex strategic interactions in children, i.e.,
settings in which the cognitive demand of the task is higher and in which it matters to
what extent children are able to take the perspective of others and translate this into their
own strategic decision-making.2 Related to our approach, Sher, Koenig, and Rustichini
(2014) have children play two games, a sticker game, and a sender-receiver game. They
argue that for successful interaction, children require the ability to undertake recursive
thinking, i.e., “the ability to use the output of one step of a reasoning process as input to
a following step” as well as the ability to put themselves into another person’s shoes, i.e.,
to understand another person’s motives and emotions (“theory of mind”) as well as their
incentives (again, see Cooper and Kagel 2005). In their study, which involves interactions of
a child only with an experimenter, many children possess these skills from about the age of
7 years onward. Similarly, Brocas and Carrillo (2018a) examine iterative reasoning among
children from pre-kindergarten to first grade in the context of four two-person games. They
also show that both logical thinking and theory of mind are key ingredients to successful
strategic reasoning, and trace children’s limitations in both these skills in their age groups.
In another series of games, Brocas and Carrillo (2018b) present further support for these
findings and show that although preschoolers are able to think strategically in principle,
this does not mean that they are capable of acting accordingly. Furthermore, Czermak
et al. (2016) present 10–17-year-old children with simple experimental normal-form games
and elicit their beliefs, providing evidence that children of this age are clearly able to
strategize in their choices.
In contrast to the above-mentioned studies, our experimental setting involves the interaction with a group of other children, i.e., it requires a significant degree of logical thinking
and perspective-taking. Research by Brosig-Koch, Heinrich, and Helbach (2015) has demonstrated that children at the age of 6 years already have the ability to reason backwards
and that this ability increases with age. Thus, we expect that children in our sample
2

We should mention that there is a literature in developmental psychology that studies the extent to which
children are able to take the perspectives of others in great detail (see Birch et al. 2017, for a summary). This
literature focuses on how children reason about other children’s motives and decisions, but not on the strategic
interactions of the children.
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(aged 9–11 years) will possess the necessary cognitive skills. Moreover, empirical research
using theory-of-mind tasks confirms that, by the end of preschool, most children should
be well able to take the perspective of others (Wellman, Cross, and Watson 2001; Brocas
and Carrillo 2018a); hence, we expect children to also possess sufficient perspective-taking
abilities. Nevertheless, strategic interaction in the form of an experimental BCG is very
challenging, even for adults. Grosskopf and Nagel (2008) conducted a two-player version
of the BCG, which can be easily translated into a “whoever chooses the smaller number
wins” contest. They found that only 10% of (adult) lab participants and 37% of professionals
(i.e., participants at economic conferences) actually chose zero—in this form of the game,
zero is the dominant strategy, irrespective of the other player’s choice (means were 35.6
and 21.7, respectively). With our study, we provide evidence that—despite this challenging
setting—children are able to understand the experimental BCG if it is presented in a visual
manner and we use this new design to draw conclusions on the determinants of strategic
interaction behavior in children.
The remainder of this paper is structured as follows: Section 2 describes the experimental
procedures and the new design of the experimental BCG used in the present study, Section
3 presents the results and discussion, and Section 4 concludes.

2

Experimental Design

The study was conducted in schools with children aged 9–11 years (third and fifth grade).
The following subsections provide details on the procedures, participants, the new design of
the BCG, and the outcomes measured.

2.1

Procedures

We conducted the study in March and April 2016 in three different schools in Germany.
We contacted the schools, asked for their participation, and, if they agreed, sent parental
consent forms for data use to the teachers. Six classes were tested, each within one day. Days
were always structured in the same way. In the first lesson (45 minutes), the experimenter
informed the children about the procedures of the day, including the incentives they could
win by earning gold coins. Then, the experimenter guided the class through a workbook
to collect data on a number of control outcomes using various questionnaires and tests.
All questionnaires were read out loud to avoid problems with different levels of reading
skills. In the subsequent lessons, we took randomly formed groups of five children out of the
class and played the BCG with them in a separate room (again, each lesson lasted about
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45 minutes). Groups were formed based on numbers on children’s workbooks which were
randomly distributed in the classroom in the first lesson. After the last lesson, children
went to a separate room, where they could trade the gold coins they won during the game
for toys.

2.2

Participants

Six classes in three different schools participated in the study; four classes were in the third
grade (65 children), two were in the fifth grade (50 children). Overall, 115 children played
the BCG. The parents of one child did not provide their consent for data use, resulting in a
final sample of 114 children. Children played the BCG in 23 groups of five children. Each
group consisted of randomly selected children from one single class, with two exceptions:
in one case, a child from class A played together with four children from class B because
this child had not been able to play the BCG the day before due to time constraints. In the
other case, we recruited two children from another class to ensure that we had a complete
group of five children playing the BCG.3 In the final sample, 63 children were female (55%),
64 were in the third grade (56%), and the mean age was 10 years (SD = 1, see Table A1 for
details).

2.3

The Beauty-Contest Game

At the heart of the study was an incentivized experimental BCG in a new design. To
facilitate understanding of the game, we (i) used a board game setup, so children had a
visualization as well as a spatial mapping of the game in front of them, (ii) embedded the
rules in a story-like design that was easy to recall and very simply structured, and (iii)
ensured the highest possible degree of understanding by explaining the game in a one-to-one
setting between each child and a trained experimenter, with each child asked to explain
each step of the game back to the experimenter. We also simplified the game parameters to
make the game easier to understand. Specifically, we used p = 1/2, the median (instead of
the mean), five players, and integers in the range from 0 to 100.
The Board Game. We developed a board game mirroring the experimental BCG called
the “Goblin Game” (see Figure 1). The board depicts the range of integers from 0 to 100
(in black and white) as the range of numbers from which to choose, and a second range of
numbers (in green) from 0 to 100 in steps of 1/2 to indicate the winner. In the center of the
board, there was an open treasure chest containing gold coins (the prize that children could
3

Results do not change if we exclude these two groups.
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Figure 1: Design of the Beauty-Contest Board Game (“Goblin Game”)

win in each round of the game). At zero, the goblin had his starting position (as he would
always start from zero and would then “walk up” to the median player). Numbers were
arranged in a circle to create an illusion of “equality of numbers”, i.e., there was no “best” or
“worst” number.
Children played the BCG at a large table in a separate room exclusively used for the
study on the day of data collection. Each child was randomly assigned to one of the colors—
yellow, blue, orange, white, or gray—and received a game piece (henceforth called a “pawn”)
in their respective color.4 The color also determined each child’s seating position at the table.
One experimenter sat at the head of the table and led the game (see Figures A3–A5 in the
Appendix for details on the experimental setup and the material used in the game).
The Rules of the Game. In order to make the experimental BCG as easy to understand
as possible, we structured the rules of the game into a five-step procedure that was repeated
for every round played. Each group played 10 rounds. The five steps within each round
were as follows.
4

We tried to avoid using colors with strong meanings, such as red, green, pink, etc.
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1. All players secretly write down a number between 0 and 100 on their game slip.
2. All players simultaneously place their pawn onto the number from step 1 on the board.
3. The goblin starts from zero and walks up to the third, i.e., the “middle” player.
4. Having reached the third player, the goblin jumps back by half the distance he has walked.
5. The player who is now closest to the goblin wins a gold coin.

No communication between children was allowed during the 10 rounds of the game.
As practical measures, we told children to indicate that they had made their decision in
step 1 by covering the number they had written on their game slip with their pawn. In
this way, we avoided children writing or changing numbers after having seen choices of
their peers. Of course, we also emphasized (and ensured) that in step 2 children had to
put their pawn on the actual number they wrote down on their game slip. To help children
avoid confusion between the numbers they chose themselves and the numbers on which
the goblin was operating, we color-coded the two arrays of numbers: children used the
larger, black-and-white numbers, whereas the (green) goblin used the green, inner circle of
numbers. For children having problems calculating what “jumping back by half” meant, we
printed the number that the goblin would jump to on each of the green fields (e.g., the green
field for 30 would read “30 → 15”). For simplicity and because we could not split the gold
coins, if several players were equally close to the goblin, each of them would receive a coin.
At the same time, we embedded the rules in a story-like design. Children learned that
the goblin had “hidden gold coins in the forest” but that he would be willing to help children
find the coins and would “reveal the location of the gold coins to the middle player”. Also,
children were told that the goblin was “hexed”—for each step he would go forward, he would
have to take half a step backward. At the end of each round, the goblin would give a gold
coin to the player who was closest to him (see Section D.2 in the Appendix for the exact
instructions).
Explaining the Rules.

As this study was the first involving an experimental BCG played

with children, a major challenge was to ensure that the game was properly understood by
all children. Consequently, we had five trained experimenters present in each group to
(i) ensure the best opportunities for each child to understand the game and (ii) to check
the individual understanding of each child. Hence, every child individually received a
(standardized) explanation from an experimenter and could ask the experimenter any
questions that he or she had regarding the game. In this part of the lesson, each child sat at
an individual small table distributed around the classroom (cf. Figure A5 in the Appendix).
To explain the game, the experimenter used a written instruction, which he/she read to the
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child, a small version of the board game, and the relevant materials (coins and pawns, see
Figure A4 in the Appendix for the setup of an individual table).
At the beginning of the explanation, children were told that they would now play a
game in which they could earn gold coins. These coins could later be exchanged for a real
toy and the more coins that they earned, the larger would be the selection of toys from
which they could choose. Children were encouraged to “try hard” to earn as many coins
as possible. By starting the game this way, we wanted to (i) motivate the children and
make incentives salient, and (ii) make sure that the children understood that they could
actually “do something” about the number of coins won and that the game was by no means
pure luck. Subsequently, the rules of the game were explained to the children. Then, they
could ask questions in case anything was not clear. Finally, the experimenter asked each
child to explain back to him/her each of the five steps of the game, one by one. For each
step, the experimenter rated the child’s understanding (see Section 2.4). Afterwards, the
experimenter expressed appreciation for the child’s explanations and “awarded” him or her
a first gold coin (this was done to avoid children having zero coins while playing the game).
At the end of the individual explanation session, the experimenter conducted the “E on the
forehead” task with the child (see Section 2.4) and subsequently sent him or her to the large
table in the middle of the classroom to play the “Goblin Game” with his or her classmates.
All research assistants acting as experimenters participated in a half-day training
session, which included information on general procedures, a discussion of the importance
of standardized instructions, how to deal with potential questions by children, and how
to organize the data collection. General hints for experimenters included not reacting to
strategies or suggestions articulated by children on how to win the game, and to answer
questions only by referring to the general rules of the game. Experimenters were explicitly
instructed not to mention any potential strategies to the children. The exact instructions
read out to each child can be found in Section D.2 in the Appendix.
Playing the Game. Once all children had finished their instructions with their individual
experimenter, they sat down at the large table in the middle of the classroom (see Figure
A3). Each seat was clearly marked with the color of each pawn; hence, seating positions
were exogenous. Before starting the first round, the main experimenter once again repeated
the five steps of the game. He then guided the children through all 10 rounds of the game,
each time structured by the five steps. At the end of each round, the experimenter gave a
gold coin to the winning child. After the last round, individual workbooks and game slips
(containing the numbers for each round) were collected and each child received another gold
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coin for his or her workbook. Finally, children were brought back to their classroom and the
next group was picked up to play the BCG in a separate room.

2.4

Outcomes and Data

To account for children’s choices and performance during the BCG, we collected the individual workbooks and game slips filled out during the game. In addition, we collected the
experimenter ratings on children’s understanding of the game.
To analyze the determinants of successful performance in strategic interaction games,
we wanted to elicit children’s cognitive skills and perspective-taking abilities. For cognitive
skills, we used a well-established measure feasible for children, namely Raven’s “Coloured
Progressive Matrices” measuring fluid IQ (Bulheller and Häcker 2010). In contrast, for
perspective-taking abilities, there is no such an established measure, at least not for
children. Therefore, we decided to measure perspective-taking abilities with different
instruments, covering several methods as well as several aspects of perspective-taking
abilities. Specifically, we decided to use (i) an easy and quick-to-implement behavioral task
measuring perspective-taking (“E on the forehead”, Glen 1984), and to use two different selfreported measures, (ii) one focusing on understanding social situations as well as emotions
and behavior in third-person situations (Meindl 1998), and (iii) another focusing more on an
individual difference perspective along the dimension of cognitive empathy, i.e., the ability
to understand and process other people’s emotions and perspectives (Garton and Gringart
2005). The latter questionnaire was developed as a child-friendly version of a frequently
used tool to measure perspective-taking and empathy in adults, namely the Interpersonal
Reactivity Index (IRI, Davis 1983).
Based on the collected data, we constructed the following outcome and control variables:
Numbers Chosen.

We used the numbers each child wrote down on his or her individual game slip during the

BCG.5

Number of Coins Won.

A straightforward measure of successful performance in the game is the number of

coins each child won during the game. This is equivalent to the number of rounds (out of 10) that a child won.
Note that in the case of a tie, more than one child could win a coin. Thus, the total number of coins per group could
be larger than 10.

Distance to Best Response.

The number of coins won may not fully reflect the degree to which a child made

successful choices during the game. For instance, a child could miss out on winning by only one step, whereas
5

To double-check, one of the other experimenters wrote down the numbers for all children for all rounds during
the game. In a very few cases (11 out of 1140), we used the number provided by the experimenter, mostly
because of handwriting issues.
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another child could miss out on winning by 30 steps, yet they would be equal with respect to the number of coins
they won. Therefore, to analyze successful choices beyond the simple indicator of winning a round, we constructed
the following outcome measure. We computed the best response for each player in each round (i.e., given the other
players’ choices in this round, the number that would be the ideal response to win this round—this number is
equivalent to half of the second-smallest number of the other four players). We then calculate the distance between
the player’s actual choice and this best response, take the absolute value, and divide the distance by half the
median number in this group in this round to account for scaling differences over the course of 10 rounds (if the
median number was zero, we divide by one). Therefore, for each player, the measure of distance reports how far
away (measured in fractions of half the median in this round) a player was from his or her ideal response to the
other four players’ choices.

Rank Based on Distance.

Because the “distance to best response” measure is difficult to compare across (i)

groups and (ii) rounds (despite the normalization with half the median in each round), we rank players within
each group within each round based on their distance to the best response (i.e., the child with the shortest distance
(the winning child) receives rank 1, the child who is closest to winning receives rank 2, and so on). Then, we can
compute the average ranks across rounds. Note that better choices lead to lower average ranks.

Gender and Age.

Gender is indicated by a dummy that is equal to one if the child is female; age is measured in

years.

Fluid IQ.

To proxy children’s cognitive skills, we measured fluid IQ with 18 items from Raven’s Colored

Progressive Matrix test (Bulheller and Häcker 2010). Each correctly solved item was weighted equally. To enable
comparison of effect sizes, the variable was standardized to mean = 0 and SD = 1.

Perspective-taking.

To provide a behavioral measure of perspective-taking abilities, we adapted the “E on the

forehead” task (Glen 1984). This task was designed as a measure of perspective-taking based on self-awareness or
self-consciousness and has frequently been used in psychological experiments as a quick and intuitive measure
of perspective-taking behavior vs. egocentric responses (see, for example, Steins and Wicklund 1996; Galinsky
et al. 2006). In the present study, we asked each child to “trace a capital ‘E’ with your forefinger on your forehead”
and recorded, whether the ‘E’ was readable from the child’s or the experimenter’s perspective (or something
different was traced). The dummy variable is one if the child traces an ‘E’ that is readable from the experimenter’s
perspective and zero if she traces something different (i.e., an ‘E’ readable from the child’s perspective or something
different).

Social Appropriateness Scale.

As one of our two self-reported measures of perspective-taking, we selected

six small stories from a questionnaire measuring empathy and appropriate behavior in a social situation that was
developed by Meindl (1998). Children receive a point for each correctly solved question. To enable comparison of
effect sizes, the variable was standardized to mean = 0 and SD = 1.

Interpersonal Reactivity Index.

As a second self-reported measure for perspective-taking abilities, we use a

questionnaire adapted for school-age children developed by Garton and Gringart (2005). This questionnaire is
based on one of the most frequently used self-reported measures for perspective-taking and empathy in adults,
namely the Interpersonal Reactivity Index (IRI, Davis 1983). We selected four items focusing on cognitive aspects
of empathy from the children’s version of the questionnaire. In contrast to the Social Appropriateness scale, there
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is no correct answer, but children rate how much each item applies to them personally. We use the sum of all four
items (no reverse-coded item) and standardize the resulting variable to mean = 0 and SD = 1 to enable comparison
of effect sizes.

Understanding of the Game.

After the instructions, each child had to explain the game back to the experi-

menter (see Section 2.3). The experimenter rated understanding for each of the five steps of the game on a 4-point
scale, ranging from 4 = “Immediately completely and correctly explained” to 1 = “Not completely understood” (see
Section D.2 in the Appendix). Understanding is calculated using the sum of the five steps, with a maximum value
of 20.

The exact instructions for the behavioral perspective-taking task and the wording of the
items of the questionnaires are provided in Sections D.2 and E in the Appendix. We also
collected some other measures that were not part of the present study. Finally, we checked
whether parental consent for data use was available (which was the case for 114 out of 115
children), and analyzed the data using the statistical software Stata/SE 15.

3

Results & Discussion

We first provide descriptive evidence to support that children successfully understood and
played a strategic interaction game in the form of an experimental BCG. Then, we turn to
the results regarding important determinants of performance in the BCG, before discussing
our findings and providing some robustness checks. Finally, we report the findings from our
replication study with an adult sample.

3.1

Descriptive Results

As noted, we had 114 participants in our sample, 63 of whom were female. Distributions
over the classes and grades as well as summary statistics for fluid IQ and perspective-taking
abilities can be found in Table A1 in the Appendix.
To assess how well children understood the game, each child had to explain the five
steps of the game to an experimenter. For each step, a child’s level of understanding was
rated by the experimenter with a maximum of four points, i.e., a child could achieve at
most 20 points (see Section 2.3). Overall, 90 children (80%) were rated with 19 or 20 points,
only five children (4%) received less than 17 points (see Table A1 in the Appendix).6 Hence,
experimenter ratings indicate a very high level of understanding of the game.
6

Excluding the children with ratings of understanding below 19 points does not affect our findings (see Section
3.4).
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Figure 2: Development of Mean and Median Numbers Chosen over the Rounds

Notes: This figure plots mean numbers chosen in each round for the present study (children and adult samples) compared
with Nagel (1995), using averages of sessions with p = 2/3 and p = 1/2.

To analyze children’s choices in the BCG, we compare the results from the present
study with other data from experimental BCG studies. First, in Figure 2 we plot mean
choices (for median choices, see Tables 1 and A2 in the Appendix) over the 10 rounds and
compare them with the choices from Nagel’s seminal paper (1995, using sessions with
p = 2/3 and sessions with p = 1/2) as well as with our own replication with an adult sample
(for details on the replication with adults, see Section 3.5).7 Generally, we find that the
average number chosen by children is decreasing over the 10 rounds, with the bulk of the
decrease occurring in rounds 1–6. Thus, children’s choices seem to converge toward the
game-theoretic equilibrium over time, a finding that is well established in other studies with
adult samples (e.g., Nagel 1995; Duffy and Nagel 1997; Ho, Camerer, and Weigelt 1998).
In addition, children’s choices mimic both the level as well as the rate of decrease found
in Nagel (1995)—however, the children sample is very close to the sessions with p = 2/3
in the Nagel study, indicating that children’s choices start on a higher level (but develop
with a similar rate of decrease). In other words, children seem to play a p = 1/2 BCG using
the new design proposed in our study in a very similar manner to the way that adults play
the classical p = 2/3 experimental BCG.8 Table 1 reports the detailed values comparing the
first four rounds of the game across the three samples. Mean and median numbers for the
children are largely comparable with the numbers from Nagel (1995) in the sessions using
7
8

Note that for several reasons (see Section 2.3) we used the median, whereas Nagel (1995) used the mean to
identify the winner in their experimental BCG.
Also, the distribution of first-round choices is, by and large, in line with adult studies; see Figure A1 and, e.g.,
Nagel (1995) or Bosch-Domènech et al. (2002).
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Table 1: Comparison of Mean and Median Numbers with Nagel (1995)

Round

Children, p = 1/2

Adults, p = 1/2

Nagel, p = 2/3

Nagel, p = 1/2

Mean

Median

Mean

Median

Mean

Median

Mean

Median

1
2
3
4

33.5
21.7
15
10.7

28
20
11.5
8

23.6
13.5
8.3
6.6

21
11
7
4

36.7
23.9
15.9
9.2

32.3
21
11.4
7.3

27
11.1
3.8
7.2

20.3
7.7
2.8
1

RoD 1–4

0.68

0.71

0.72

0.81

0.75

0.78

0.73

0.95

Notes: Comparison of mean and median numbers chosen in our study (children and adult
samples) with those in Nagel (1995, average values for sessions with p = 2/3 and p = 1/2,
own calculations using unweighted averages over sessions). RoD refers to the “Rate of
Decrease” of the mean or median over rounds. RoD = (meant=1 − meant=4 )/meant=1 , or
the median, respectively.

p = 2/3, and the rate of decrease, i.e., the drop in mean or median numbers from round 1 to
round 4, is fairly similar (68% and 71% vs. 75% and 78%).9
Second, to further support the notion that children played the new design of the experimental BCG in a way that is largely comparable with adults, we benchmark our data with
results on the average “depth of reasoning” from Duffy and Nagel (1997). We apply Duffy
and Nagel’s definition of the depth of reasoning by calculating the depth of reasoning d for
individual i in group j for round t solving:

numberi,t = medianj,t−1 ∗ pdi,t
Table 2 reports the values for our children sample as well as our replication with an
adult sample and the comparable numbers from Duffy and Nagel (1997). Note that for
this comparison, the game parameters of both designs match exactly, i.e., the data from
Duffy and Nagel (1997) are also based on p = 1/2 and the median (subjects in their study
were undergraduate university students). Table 2 clearly shows that, in all three samples,
the majority of players chose numbers in the range of d = 1 (except for round 4 in the
Duffy & Nagel sample), but in Duffy & Nagel slightly more mass lies on higher values of d
compared with our design. Overall, university students played with a slightly higher depth
of reasoning than the children in our sample; however, considering the fact that we played
the BCG with children aged 9–11 years, the distributions of d are surprisingly comparable.
Combining the similarity of choices over the rounds with the fact that these choices were
taken based on a correct understanding of the rules of the BCG, we derive our first main
result:

9

Results for the adult sample are discussed in Section 3.5.
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Table 2: Comparison of Depth of Reasoning with Duffy and Nagel (1997)
d>3
Round
1
2
3
4

d=3

d=2

d=1

d=0

d<0

Children, p = 1/2, median
.04
.00
.01
.03

.02
.01
.02
.02

.16
.12
.11
.11

.39
.41
.43
.38

.31
.38
.35
.36

.08
.08
.08
.11

Adults, p = 1/2, median
1
2
3
4

.04
.02
.03
.06

.06
.03
.04
.06

.27
.22
.20
.15

.50
.43
.34
.37

.13
.23
.28
.20

.01
.08
.11
.17

Duffy & Nagel (1997), p = 1/2, median
1
2
3
4

.07
.02
.02
.07

.04
.09
.11
.18

.30
.29
.32
.41

.43
.29
.38
.14

.11
.16
.09
.05

.05
.16
.09
.14

Notes: Comparison of the distribution of the average depth
of reasoning in our study (children and adult sample) with
the study by Duffy and Nagel (1997, p. 9). di,t solves the
equation of numberi,t = medianj,t−1 ∗ pdi,t for individual
i in group j for round t. We used 50 as the initial reference point. An individual i is categorized as, e.g., di,t = 2 if
his or her di,t lies within the interval with the boundaries
medianj,t−1 ∗ p2+1/2 and medianj,t−1 ∗ p2−1/2 . Modal categories are underlined.

Result 1:
Using a new design of the experimental BCG, children aged 9–11 years are able to understand and play a strategic interaction game like the experimental BCG used in many other
studies with adults. While children start with slightly higher numbers than adults, the rate
of decrease and depth of reasoning are, by and large, comparable with values for adults.

3.2

Determinants of Successful Performance

Now, we turn to the question of which dispositional characteristics are associated with high
strategic interaction skills, i.e., successful performance in a BCG. To do so, we study the
relationship between cognitive skills as well as perspective-taking abilities and successful
performance in the game. Importantly, all analyses presented are of a correlational nature;
based on our study design we cannot make any causal claim. Nevertheless, we believe that
the analyses provide interesting insights into the differences in relationships for these two
groups of abilities (namely, cognitive and perspective-taking abilities). We present results
from ordinary least squares (OLS) regressions all models control for group fixed effects
(i.e., we only look at differences within a group of five children playing the BCG) as well
as gender and age. All standard errors are clustered at the group level. Gender and the
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Table 3: OLS Regressions with Coins Won as an Outcome
Number of Coins Won in R2–R10

Female
Age in years
Fluid IQ

(1)

(2)

(3)

(4)

(5)

0.072
(0.370)
-0.200
(0.506)
0.251
(0.236)

-0.011
(0.388)
-0.219
(0.512)

0.047
(0.376)
-0.231
(0.493)

0.229
(0.358)
-0.316
(0.490)

0.173
(0.376)
-0.327
(0.487)
0.137
(0.260)
1.105**
(0.416)
0.258*
(0.130)
-0.450***
(0.155)
Yes
112
0.477

Perspective-taking

0.913**
(0.403)

Social Appropriateness

0.106
(0.135)

Interpersonal Reactivity
Group FE
Observations
R-squared

Yes

Yes

Yes

-0.340**
(0.158)
Yes

114
0.410

112
0.428

114
0.401

114
0.424

Notes: The results are based on OLS regressions. Standard errors in parentheses are clustered at
the group level. * p<.10, ** p<.05, *** p<.01

perspective-taking task are binary variables; age is measured in years. Fluid IQ, Social
Appropriateness scores, and the Interpersonal Reactivity Index are standardized to mean =
0 and SD = 1 to make interpretation easier. Details on how we formed our outcome variables
can be found in Section 2.4.
As a first step, we analyze the link between cognitive skills measured as fluid IQ and
the probability of choosing a weakly dominated number, i.e., a number larger than 50.10
We estimate the likelihood of choosing a weakly dominated number in the first round (in
which no other behavior has been observed prior to the choice) and for all 10 rounds of the
game, both using linear probability and probit models. As documented in Table A3 in the
Appendix, there is a negative correlation between fluid IQ and the likelihood of choosing
a weakly dominated strategy (statistically significant in seven out of eight specifications).
The effect of fluid IQ is also large in size: moving from an average fluid IQ to a fluid IQ one
SD above the average score cuts the likelihood of choosing a weakly dominated strategy in
the first round by half (from 28% to 13%).11
To analyze predictors of strong strategic interaction skills, we first examine the number
of coins a child has won, i.e., how many rounds the child won during the experimental BCG.
In all subsequent analyses, we exclude results from the first round because here no prior
interaction has taken place and the children cannot condition their choices on the observed
behavior of their peers.12 Table 3 presents our findings for regressing the number of coins
10
11
12

We use a median BCG with p = 1/2. For all numbers larger than 50, a player would be equally or better off
when choosing 50 instead; hence, numbers larger than 50 are weakly dominated.
Note, however, that we can only use a subsample for this analysis because in eight out of the 23 groups, no child
chose a dominated strategy in the first round.
We present findings and a short discussion for round 1 in Section B.1 and Table A6 in the Appendix.
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won on the dispositional characteristics of the children. Columns (1)–(4) show the results
when using cognitive skills and perspective-taking ability measures separately. However,
the main specification that we interpret is column (5), which documents the variation in
outcomes explained by a certain ability, holding all other control variables constant. For
the number of coins won in the game, Table 3 shows that neither gender, age, nor fluid IQ
significantly explain variation. Hence, in this setting, cognitive skills, measured as fluid
IQ, are not related to successful performance in the experimental BCG. In contrast, all
three measures of perspective-taking significantly predict the number of rounds a child
wins during the game. Children displaying high perspective-taking abilities in the “E on
the forehead” task (labeled “perspective-taking” in the tables) win more than one additional
coin (on average, children win 3.8 coins, SD = 1.9). A one standard deviation increase in
scores on the Social Appropriateness scale is linked to 0.26 more coins. Surprisingly, while
scores from the Interpersonal Reactivity Index (IRI) significantly predict performance in
the experimental BCG, they are negatively linked to game performance: a one standard
deviation increase in scores from the IRI is related to 0.45 fewer coins during rounds 2–10.
Overall, the resulting picture (which will be confirmed in the subsequent analyses) is the
following:
Result 2:
Cognitive skills, measured as fluid IQ, are not predictive of successful performance in our
new design of the experimental BCG, but only predict the choice of weakly dominated
strategies. In contrast, measures of perspective-taking abilities are strongly linked to
successful performance in the game.
Using the number of coins (or rounds) won is easy and straightforward but there is a
caveat: this measure disregards any difference in children’s performance apart from being
“the best” in a given round. For example, in these analyses, a child who fails to win a
coin by only one step is considered equal to a child who misses half the median by 30 or
more steps. Obviously, the latter child can be thought to have performed much worse than
the first child. Thus, we also want to present an analysis accounting for the variations in
performance between all five children in a group, not only an analysis of the winning child
vs. the non-winning children. To do this, we calculate the “distance to the best response”,
that is, how far a child is from the choice that would make him or her win the round,
given the other children’s choices (see Section 2.4 for details). Because this measure is very
heterogeneous both across rounds as well as across groups, we rank children within groups
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Table 4: OLS Regressions with Average Rank as an Outcome
Average Rank in R2–R10

Female
Age in years
Fluid IQ

(1)

(2)

(3)

(4)

(5)

0.033
(0.177)
0.120
(0.203)
-0.068
(0.101)

0.071
(0.182)
0.123
(0.210)

0.040
(0.174)
0.129
(0.201)

-0.039
(0.163)
0.167
(0.203)

-0.008
(0.170)
0.175
(0.202)
-0.013
(0.110)
-0.532**
(0.192)
-0.112*
(0.064)
0.200***
(0.065)
Yes
112
0.277

Perspective-taking

-0.424**
(0.171)

Social Appropriateness

-0.036
(0.080)

Interpersonal Reactivity
Group FE
Observations
R-squared

Yes

Yes

Yes

0.151**
(0.063)
Yes

114
0.171

112
0.212

114
0.166

114
0.201

Notes: The results are based on OLS regressions. Standard errors in parentheses are clustered at
the group level. * p<.10, ** p<.05, *** p<.01

and rounds based on their distance to the best response (i.e., as noted above in Section 2.4,
the child with the shortest distance—the winning child—receives rank 1, the child with the
second-shortest distance receives rank 2, and so on). We can then calculate an average rank
for each child over rounds 2–10, with a “good performance” corresponding to a low average
rank. We report the results from regressing average rank on the personal characteristics
of the child in Table 4. Our findings confirm results from Table 3: neither gender, nor age,
nor cognitive skills are related to average rank over the rounds (indeed, the coefficients for
fluid IQ are basically zero). In contrast, perspective-taking abilities are strongly linked to
successful performance. Solving the “E on the forehead task” is associated with half a rank
better performance (mean rank over rounds 2–10 is 2.5, SD = 0.70). Social Appropriateness
is significantly linked to better performance (one SD increase improves the average rank by
around 0.1), while the IRI is related to worse performance (a one SD increase worsens the
average rank by around 0.2). When we use the average distance instead of the rank, the
results are very comparable but lose statistical significance for some variables (see Table A4
in the Appendix).
Finally, we also analyze the average depth of reasoning and how it relates to children’s
dispositional characteristics. Note that a high level of depth of reasoning in itself is
not necessarily a predictor of good performance in the game—children could display an
excessively high depth of reasoning and “outsmart themselves” by choosing numbers that
are too low (cf. Kocher and Sutter 2005). The link between average depth of reasoning and
personal characteristics is investigated in Table A5 in the Appendix. Similar to our findings
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for measures of actual game performance, higher depth of reasoning is not significantly
linked to gender, age, or cognitive skills, but is systematically associated with perspectivetaking abilities.
Taken together, our findings indicate that strategic interaction skills in the new design
of the experimental BCG are not linked to gender or age (within our age range of 9–11
years). Cognitive skills are only relevant in predicting whether children choose weakly
dominated strategies but are not associated with successful performance (or higher depth
of reasoning) in the game. In contrast, measures of perspective-taking abilities predict
successful performance in an experimental BCG: Solving the “E on the forehead” task and
scoring high on Social Appropriateness are linked to better success (and higher depth of
reasoning), whereas higher scores on the Interpersonal Reactivity Index are associated with
worse performance in the game.

3.3

Discussion

Previous studies have generally demonstrated positive links between cognitive skills and
lower entries in the experimental BCG (Burnham et al. 2009; Brañas-Garza, GarcíaMuñoz, and González 2012; Carpenter, Graham, and Wolf 2013). We also find a link
between cognitive skills and choosing weakly dominated strategies, replicating findings
from Burnham et al. (2009, p. 172). Yet, Burnham et al. (2009) also document a relationship
between higher scores in IQ and lower numbers chosen in a one-shot BCG which we cannot
replicate (first-round choices are not linked to cognitive skills, see Table A6 in the Appendix).
We believe that the specific measure for (fluid) IQ could be an aspect that helps explain this:
Brañas-Garza, García-Muñoz, and González (2012) use a Raven’s IQ test, as we do in our
study, and also find no relationship between fluid IQ and choices in an experimental BCG
(yet, they do report a significant link to the Cognitive Reflection Task). Moreover, our sample
consists of children aged 9–11 years and it is possible that, for this age group, other abilities
simply matter (more) than IQ; however, this explanation is made less likely by the fact that,
in our replication using an adult sample, there is no significant relationship between fluid
IQ and successful performance (see Section 3.5). This leads us to the explanation that we
consider most plausible. The difference between our results and previous findings could be
driven by the fact that in all these studies, the instructions for the BCG were abstract and,
therefore, cognitive skills were more important (or even a prerequisite) to understanding the
mechanisms of the game. In our setting, the instructions are far more concrete and the game
itself has a visual and spatial representation. In other words, choices and their consequences
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are mapped into concrete and observable operations. Thus, our speculative hypothesis is
that the new design of the experimental BCG lowers the importance of cognitive skills for
successful performance in the game. Note that by removing the requirement to translate
abstract instructions into concrete operations, we can study actual behavior in strategic
interaction settings in a much more focused way. Indeed, real-world strategic interaction is
often characterized by repetition, observable behavior, and concrete outcomes, as well as
possibilities to learn from one’s choices. Hence, removing (or lowering the demand for) this
abstract component from the experimental BCG might actually increase external validity
for real-world strategic interaction.
A different issue with the lack of significant relationships between fluid IQ and successful
performance is a methodological one, namely that this could be due to restricted or limited
variance. If, for example, classes or groups were very homogeneous with respect to fluid
IQ levels, this could (partially) explain why there is no significant link between fluid IQ
and performance. To analyze this concern, we checked the variance of the results from
the Raven’s Matrices task within our sample. For the whole sample, the variance in raw
scores for fluid IQ amounts to 8.0 points. Calculating the within-class variance and then
averaging over these within-class variances for all classes (weighted by class size) results
in an average variance at the class level of 6.4 points.13 Because we assigned children
randomly to groups (within a class), we expect that the average variance at the group level
would not differ from that at the class level. Indeed, the average within-group variance
amounts to 6.6 points. Finally, we can compare the variance in our study with figures from
a different study using the same test for fluid IQ (Schunk et al. 2017). In four different
tests, each using a sample of more than 500 German primary schoolchildren aged 7–9 years,
this study finds variances of 8.3, 7.1, 8.1, and 6.3 points, respectively. Thus, the variance of
fluid IQ in our sample (and within our groups) is substantial and in line with other, much
larger samples of schoolchildren. An alternative way of testing for restricted variance as a
potential explanatory factor is to estimate the OLS models from Tables 3, 4, and A4 without
group-fixed effects. In doing so, we exploit the full distribution of IQ scores within our
sample (but also lose control over other factors varying between groups). We report these
estimations in Table A10 in the Appendix; there is no significant link between fluid IQ and
any of our measures of successful performance.
Turning to the results for perspective-taking abilities, the behavioral measure for
perspective-taking ability is very predictive of successful performance in the game. Around
13

Fluid IQ scores are positively correlated with age. Given that we cover an age range of 9–11 years and that
classes are homogeneous in terms of age, it is not surprising that the variance for the whole sample is somewhat
larger than the average variance at the class level.
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22% of the children (n = 25) traced the ‘E’ so that the experimenter could read it. On average,
these children won one coin more and were half a rank better in terms of the distance to the
best response (controlling for other characteristics such as gender, age, and fluid IQ). Thus,
while we are not aware of any prior study using the task to predict strategic interaction
behavior, tracing the ‘E’ in this way seems to be indicative of a very important ability in the
area of perspective-taking that makes children successful in strategic interactions. Further
studies should shed light on the exact underlying skills or dispositional characteristics that
are indicated using this simple behavioral task. Likewise, the Social Appropriateness score,
which has mainly been used to assess school-aged children’s social and emotional competencies with a focus on empathy (e.g., Schick and Cierpka 2005), is positively associated
with successful game performance. However, the relationship is smaller in size and, thus,
not significant in all our robustness checks. Still, this score seems to correlate reasonably
strongly with successful performance and could, thus, be of interest for further research with
children in this area. The Interpersonal Reactivity Index (IRI) is associated with successful
performance to a greater extent and it is highly significant in most of our specifications.
Yet, the relationship for the IRI is negative, indicating that high levels of interpersonal
reactivity can harm successful performance in the BCG. Why is this the case? In contrast to
the other two perspective-taking measures, the IRI score is already significantly linked to
choices in the first round and also first-round performance (see Table A6). However, this
relationship seems strongly driven by choices above 50, as indicated by column (2) in Table
A6: excluding dominated choices eliminates the link between IRI and higher numbers in
the first round. In addition, raw correlations between IRI scores and choosing a dominated
number in round 1 (ρ = .25, p = .007) as well as the results in Table A3 confirm that children
scoring high on the IRI have a higher probability of choosing a number above 50 in the
first round. However, this is not the case for higher numbers in general: for example, the
correlation between IRI scores with a dummy for choosing numbers higher than 30 is zero.
As Table A8 reports, performance in subsequent rounds for children with high IRI scores
seems to be affected via channels other than that of dominated choices because excluding
children who choose dominated numbers does not eliminate the link between IRI scores and
performance in the BCG. We can only speculate on why the relationship between IRI scores
and performance is negative. One potential explanation could be that the IRI is indicative
of children who focus on other aspects of the game (or on the other children’s behavior in the
game) that do not improve performance and occupy cognitive resources. Another hypothesis
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is that children scoring high on the IRI focus too much on past behavior instead of focusing
on adjusting the number to be chosen in the right way.
Taken together, our measures of perspective-taking are strongly linked to successful
performance in an experimental BCG. Further studies should look more closely at the
negative relationship between the Interpersonal Reactivity Index and performance in
strategic interaction settings.
A final and short note on gender and age is in place here. In our study, we do not identify
any significant relationship between gender or age and successful strategic interaction. In
the case of gender, we see no reason to expect such a relationship but an increase in strategic
interaction skills with age could be anticipated in principle (e.g., Brosig-Koch, Heinrich, and
Helbach (2015) show that children’s ability to reason backward clearly improves from the
age of 6 years onward). On the other hand, Czermak et al. (2016) find no substantial effects
of age in strategy games and conclude that their results suggest that “strategic decisionmaking is fairly well developed at an age of 10 years and hardly changes in subsequent
years” (p. 270). Potentially, this conclusion could already apply at the age of 9 years, which
is the lower bound in our sample of children. However, our results regarding age must be
interpreted with caution because (i) we study a rather small age range of only two years,
(ii) we only compare children within groups who are even more homogeneous in age than
the full sample (because groups were randomly drawn from the same class), and (iii) our
distribution of age is not linear because we study a cohort of third and fifth graders (i.e.,
there are no fourth graders in the sample). Hence, identifying age effects in such a setting is
challenging and the absence of significant age differences in successful strategic interaction
in our study should not be interpreted as evidence of the absence of development in strategic
interaction skills during this age range.

3.4

Robustness Checks

To support the stability of our findings, we conduct a number of robustness checks. Our
tables showing robustness checks in the Appendix always report results from re-estimating
the model in column (5) from Tables 3, 4, and A4. First, we exclude all children with an
experimenter-rated understanding of the game below 19 points (out of 20 points). Results
in Table A7 show that all main findings hold and remain significant (except for the link
between social appropriateness and average rank), even using this smaller sample. Second,
we wanted to check whether outliers or extreme choices are driving our results. Therefore,
we reproduced our estimations excluding children who chose dominated numbers (see Table
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A8). Again, despite substantially less power, all of the main results are replicated, with
the exception of the effect of perspective-taking on average distance. Third, in light of the
(non-existing) age effects discussed above (see Section 3.3), we wanted to analyze whether
the presence of very young or very old children within their grade (e.g., because of grade
retention) could influence the results obtained. Therefore, we excluded children below the
5th and above the 95th age percentile (within their cohort) and present the results for
these models in Table A9. The coefficients for age are now even closer to zero (except for
distance as an outcome), confirming that there is no systematic effect of age on successful
performance in the BCG. Our main findings are robust to this restriction, except for the
results for Social Appropriateness which turn insignificant. Fourth, all our main findings
are conservatively estimated using group-fixed effects, i.e., we only compare children within
a group of five kids. Obviously, while this lowers our statistical power to identify effects,
the upshot of this approach is that we control for any unobserved heterogeneity across
groups. However, we also report estimations using OLS without group-fixed effects in Table
A10 in the Appendix. All main findings are robust to excluding the group-fixed effects,
except for the coefficient of perspective-taking on average distance (likewise, when including
class-fixed effects instead of group-fixed effects, all results are robust). Finally, to support
the notion that age is not substantially related to successful performance and is only linked
to choices in the first round, we also present estimations with and without age in Table
A11 in the Appendix. Removing age as a control variable essentially does not alter the
coefficients for any of our determinants of success in the game.
In addition, we also checked whether choices and performance in the game were related
to two external factors, using ANOVAs. First, the color (and also the seating position at
the table while playing the game, as this was determined by the color, see Figure A3 in
the Appendix) did not influence performance throughout the game. Second, experimenters
rotated between colors across groups so that they would explain the game to players with
different colors each round.14 Therefore, we can identify a separate effect of the person
who explained the game to the child. There was no significant difference in choices or
performance with respect to the experimenter who explained the game to the child. Because
we use group-fixed effects in all main estimations, other differences such as time of testing,
class-, teacher- or school-fixed effects are captured in the group dummy.
14

Experimenter A explained the game to the child with white in group 1, then to the child with yellow in group 2,
and so on, and experimenter B explained the game the child with yellow in group 1, blue in group 2, and so on.
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Replication with an Adult Sample

When we tested the new design of the experimental BCG with our sample of children
and compared it with the previous findings in the literature, we changed two factors
simultaneously: the design of the game and the sample of participants. To provide the
“missing piece”, we replicated our study using the new design of the experimental BCG but
with an adult sample of university students.
Experimental Design.

We recruited n = 120 participants, 60% of whom were female,

with a mean age of 22.6 years (see Table A13 in the Appendix for details). The experiment
was conducted in the MABELLA (Mainz Behavioral and Experimental Laboratory). The
sessions were combined with another experiment but mirrored the basic structure of the
study with children: first, all participants within a session (10) were seated at separate
tables in a large room and filled out questionnaires and tests (including the IRI and a (short)
version of Raven’s Matrices in adult versions). Subsequently, two groups of five adults
(randomly assigned) would each go to a separate room with an experimenter to play the new
design of the experimental BCG. The only difference with the study with children was that
adults did not receive one-to-one instructions but were instructed as a group (also, they did
not have to explain the game back to the experimenter). After the BCG, participants had to
individually pick up their payoffs in a separate room; before handing out payoffs, we also
conducted the “E on the forehead” task with them to measure perspective-taking abilities
(because three participants did not pick up their payoffs, we miss three observations for the
perspective-taking task). We conducted 12 sessions with two groups each, sessions lasted
for 70-90 min in total. Average payoff was EUR 15.45, including a show-up fee of EUR
5. The experimental BCG was incentivized, with the winner of a randomly drawn round
receiving EUR 20. Questionnaires, the perspective-taking task, and the IQ test were not
incentivized.
Results. Figure 2 and Table 1 show that choices for adults start at a lower level but decrease at a similar rate compared with choices in the children sample. Detailed information
on adults’ choices can be found in Table A2 and Figure A2. Benchmarking adults’ choices
with choices in the study by Nagel (1995) suggests that our adult sample playing the BCG
in the new design behaves very similarly to the adult sample in Nagel’s study playing the
classical BCG (although median choices decrease somewhat faster in the classical BCG, see
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Table 115 ). Also, when comparing the average depth of reasoning in rounds 1–4 in Table 2,
the majority of adults display a d = 1. When looking at the full distribution, the average
d is slightly lower than in the adult sample by Duffy and Nagel (1997), which places the
distribution of our adult sample between the children sample playing the new design of the
BCG and the adult sample playing the classical design. In total, the replication of the new
design of the experimental BCG with an adult sample shows that this design can be used
successfully to study strategic interaction with adults:
Result 3:
Adults playing the new design of the experimental BCG behave in a way that is largely
comparable with adult behavior in the classical BCG. The average numbers chosen and the
rate of decrease are very similar to those chosen by other adult samples. The average depth
of reasoning is higher than that in our children sample and slightly lower than that in the
classical BCG.
Although this was not the focus of our replication study, we conducted a parallel analysis
of the determinants of successful performance for adults. Results can be found in Table
A14. Similar to the children sample, successful performance is not related to cognitive skills
measured as fluid IQ. This indicates that the new design might indeed place lower demands
on cognitive skills by making the game less abstract and easier to understand (see Section
3.3). Contrary to the children sample, however, measures of perspective-taking abilities are
not predictive of performance in the game for adults. There are (at least) three potential
explanations for this difference. First, it is possible that perspective-taking abilities have
reached a much higher level at this age, making it harder to have a comparative advantage
against other participants with respect to this ability. The fact that around 70% of adults
(compared with 22% in the children sample) show high perspective-taking skills in the “E
on the forehead” task also points in this direction. Second, having collected experience in
strategic interactions for some 15-20 years, adults might have developed heuristics, i.e.,
simple and easy rules of thumb, to deal with these types of situations. In this case, they
would no longer rely on the same abilities and skills as children do. Third, the fact that
the tasks to measure abilities were non-incentivized could make more of a difference in the
adult sample than in the children sample (which would lead to more noise and, therefore, it
would be harder to identify effects). Similarly, adults conducted the perspective-taking task
only after playing the experimental BCG, which could also affect what the task measures
15

A potential difference driving this could be the fact that Nagel (1995) used the mean, whereas we used the
median in our study to identify the winner.
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compared with the children study. Finally, we document a substantial gender difference in
the adult sample. Women perform significantly worse than men when looking at the number
of coins won and the average rank. While we cannot rule out that selection effects16 played
a role here, this is certainly a finding that deserves further investigation in future studies.
Taken together, the replication study using an adult student sample generally confirms that
the new design of the experimental BCG can also be used with adults. Further investigating
the determinants of successful performance in strategic interactions for adults as well
as abilities and skills that have a causal effect on successful performance are promising
avenues for further research.

4

Conclusion

This paper introduces a new design of the experimental BCG. We use this new design for the
first-ever study conducting a BCG with groups of children and demonstrate that children are
capable of understanding and playing this BCG. This allows for a wide range of applications
in studying the skill formation process for strategic interaction. Moreover, our findings
emphasize the relevance of perspective-taking abilities or, more generally, noncognitive
skills and dispositional characteristics for strategic and economic decision-making, thus
underlining that the development of strategic interaction skills is related to the development
of other aspects of human capital which, as we know, develop quickly at young age.
In future research, it would be promising to extend the age range studied, for example,
to children entering school or adolescents. This could improve our understanding of how
the ability to strategically interact develops with age. A different perspective could use
longitudinal data to analyze predictors of successful strategic interaction, i.e., which skills
and abilities are the building blocks of this complex ability? Relatedly, which background
characteristics are linked to strategic interaction skills? For example, the detection of an
early gap in strategic interaction skills based on socioeconomic background (controlling
for cognitive skills and other important abilities) would contribute to our understanding
of the intergenerational transmission of strategic interaction skills as well as the origins
of socioeconomic inequalities. Finally, causal evidence, e.g., using priming for perspectivetaking, and/or cognitive load paradigms, or even targeted interventions could provide further
insights into the importance of the interplay between cognitive skills and perspective-taking
abilities for successful strategic interaction.
16

We started with a recruiting plan for gender-quoted sessions (i.e., 50:50) but we had to open the quota to be able
to recruit a sufficient number of participants overall. In consequence, we ended up with 60% of our participants
being female.
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Appendix
A

Descriptive Statistics
Table A1: Sample Descriptives

Female
Age in years
Class 1
Class 2
Class 3
Class 4
Class 5
Class 6
Fifth Grade
Fluid IQ
Social Appropriateness
Interpersonal Reactivity
Perspective-taking
Understanding of the Game

Mean

SD

N

Min

Max

0.55
9.98
0.22
0.22
0.13
0.13
0.13
0.17
0.44
0.01
0.00
0.00
0.22
19.13

0.50
1.04
0.42
0.42
0.34
0.34
0.34
0.37
0.50
1.00
1.00
1.00
0.42
1.59

114
114
114
114
114
114
114
114
114
114
114
114
112
113

0
8
0
0
0
0
0
0
0
-3.4
-6
-3.1
0
9

1
12
1
1
1
1
1
1
1
1.2
1.2
2.4
1
20

Notes: Sample descriptives for the children sample. We collected data for
23 groups of five children. For one child, we did not obtain parental consent for data use. Therefore, the final number of observations is 114. For
two children, we are missing data on the perspective-taking task and for
one child, we are missing data on the ratings for understanding of the
game because the experimenter did not record responses for these children in the protocol sheet.

Table A2: Game Descriptives

Number Round 1
Number Round 2
Number Round 3
Number Round 4
Number Round 5
Number Round 6
Number Round 7
Number Round 8
Number Round 9
Number Round 10
Mean Number 1–10

Mean

Median

SD

N

Min

Max

33.46
21.73
14.96
10.68
10.04
5.42
3.89
3.36
3.33
2.51
10.94

28
20
12
8
6.5
3
2.5
2
1
1
10

20.64
12.17
11.45
11.18
14.47
5.38
4.81
5.30
9.77
5.83
4.91

114
114
114
114
114
114
114
114
114
114
114

1
4
1
0
0
0
0
0
0
0
2.6

91
56
75
100
100
30
27
44
100
50
26

Notes: Descriptives for the numbers chosen in each round of the game for
the children sample. We collected data for 23 groups of five children. As
we could not obtain parental consent for data use for one child, the final
number of observations is 114.

A Descriptive Statistics

Figure A1: Histogram of Numbers Chosen in Round 1

Notes: This figure shows a histogram for the numbers chosen in round 1 in the children
sample. The red vertical lines display resulting values for a level-k or depth of reasoning of 0,
1, 2, and 3 (starting from an initial reference point of 50). See Section 3.1 for details on depth
of reasoning.
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B.1

Further Analyses
Table A3: Fluid IQ and Dominated Choices in the BCG
R1 (OLS)

Female
Age in years
Fluid IQ

R1–R10 (OLS)

R1–R10 (Probit)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

0.169
(0.122)
0.056
(0.137)
-0.118
(0.068)

0.531
(0.380)
0.198
(0.446)
-0.401*
(0.221)

Yes

0.092
(0.155)
0.069
(0.122)
-0.110*
(0.058)
-0.074
(0.175)
-0.015
(0.054)
0.147*
(0.071)
Yes

0.504
(0.389)
-0.002
(0.345)
-0.364*
(0.206)

Yes

0.354
(0.518)
0.738
(0.595)
-0.888*
(0.500)
0.497
(0.616)
-0.726*
(0.419)
1.058**
(0.458)
Yes

0.163
(0.131)
0.005
(0.108)
-0.106*
(0.056)

Yes

0.110
(0.155)
0.137
(0.155)
-0.138*
(0.070)
0.068
(0.130)
-0.124
(0.113)
0.203**
(0.069)
Yes

Yes

0.260
(0.432)
0.235
(0.394)
-0.448*
(0.267)
-0.279
(0.600)
-0.056
(0.188)
0.556**
(0.264)
Yes

74
0.131

72
0.313

74
0.114

72
0.330

89
0.176

87
0.253

89
0.148

87
0.226

Perspective-taking
Social Appropriateness
Interpersonal Reactivity
Group FE
Observations
R-squared

R1 (Probit)

Notes: The results are based on OLS regressions (columns 1 and 3) and probit models (columns 2 and 4). Standard errors in
parentheses are clustered at the group level. We cannot use all observations here because, in round 1, there are eight groups
in which no child chose a dominated number, and over all 10 rounds, there are such five groups. Therefore, the variable for
dominated choices is perfectly collinear with the group dummy and these groups have to be dropped.
* p<.10, ** p<.05, *** p<.01

Table A4: OLS Regressions with Average Distance as an Outcome
Average Distance in R2–R10

Female
Age in years
Fluid IQ

(1)

(2)

(3)

(4)

(5)

-0.305
(0.426)
-0.156
(0.490)
0.027
(0.220)

-0.163
(0.442)
-0.170
(0.471)

-0.297
(0.433)
-0.156
(0.496)

-0.406
(0.447)
-0.106
(0.516)

-0.251
(0.476)
-0.066
(0.446)
0.179
(0.283)
-1.652*
(0.900)
-0.292
(0.317)
0.306
(0.214)
Yes
112
0.289

Perspective-taking

-1.364*
(0.783)

Social Appropriateness

-0.067
(0.290)

Interpersonal Reactivity
Group FE
Observations
R-squared

Yes

Yes

Yes

0.203*
(0.117)
Yes

114
0.181

112
0.263

114
0.182

114
0.189

Notes: The results are based on OLS regressions. Standard errors in parentheses are clustered at the group
level. For details on the outcome of average distance, see Section 2.4.
* p<.10, ** p<.05, *** p<.01
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Table A5: OLS Regression with Depth of Reasoning as an Outcome
Depth of Reas. R2–R10
Female

0.001
(2.170)
0.552
(1.697)
-0.297
(0.843)
5.940*
(3.435)
1.418**
(0.542)
-2.080**
(0.982)
Yes

Age in years
Fluid IQ
Perspective-taking
Social Appropriateness
Interpersonal Reactivity
Group FE
Observations
R-squared

112
0.459

Notes: The results are based on an OLS regression. Standard errors in parentheses are clustered at the group level.
For details on the outcome of depth of reasoning, see Section
3.1.
* p<.10, ** p<.05, *** p<.01

Table A6: OLS Regressions for Round 1

Female
Age in years
Fluid IQ
Perspective-taking
Social Appropriateness
Interpersonal Reactivity
Group FE
Observations
R-squared

(1)
Nr. R1

(2)
Nr. R1 ≤ 50

(3)
Nr. R1 Age

(4)
Coins R1

(5)
Rank R1

(6)
Dist. R1

(7)
Dist. R1 Full

2.836
(4.411)
10.268**
(4.426)
-1.589
(3.740)
-1.410
(6.027)
-3.076
(2.363)
4.881**
(2.208)
Yes

-0.440
(3.619)
7.216***
(2.513)
3.368*
(1.919)
-2.480
(4.896)
-0.489
(1.406)
0.309
(1.433)
Yes

3.512
(5.373)
16.064**
(7.604)
-1.767
(4.316)
-1.415
(6.805)
-3.563
(2.644)
5.007*
(2.878)
Yes

0.127
(0.082)
-0.138
(0.103)
0.063
(0.069)
0.215
(0.143)
0.055
(0.036)
-0.096*
(0.048)
Yes

0.071
(0.301)
0.639*
(0.334)
-0.077
(0.239)
-0.097
(0.488)
-0.170
(0.166)
0.360**
(0.166)
Yes

0.294
(0.276)
0.708**
(0.313)
-0.253
(0.292)
-0.121
(0.385)
-0.220
(0.166)
0.295*
(0.167)
Yes

0.194
(0.129)
0.202***
(0.058)
-0.100
(0.093)
-0.097
(0.146)
-0.053
(0.064)
0.139**
(0.057)
No

112
0.349

92
0.400

98
0.354

112
0.128

112
0.096

112
0.258

112
0.139

Notes: The results are based on OLS regressions. Standard errors in parentheses are clustered at the group level. Column (2) excludes
all dominated choices, i.e., numbers larger than 50. Column (3) excludes age outliers, i.e., all children below the 5th and above the 95th
percentile within their grade. For details on the outcomes in columns (4)–(6), see Section 2.4. Column (7) uses the distance to half of the
sample median (instead of the median within the group of five children, see Section 3.2).
* p<.10, ** p<.05, *** p<.01
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Choices in the First Round. Table A6 reports our analysis of numbers chosen in the
first round. In this round, no prior behavior from other players has been observed. There
is no significant effect of fluid IQ on first-round choices. The coefficient in column (1) is
slightly negative; however, once weakly dominated choices (> 50) are excluded—see column
(2)—the coefficient turns positive (and is even significant at the 10% level). Also, for all
measures of successful performance, there is no significant link to fluid IQ, as shown in
columns (4)–(6). Hence, even for first-round choices, cognitive skills are not related to lower
entries or successful performance in the new design of the experimental BCG.
For measures of perspective-taking abilities, the results appear similar to those for
rounds 2–10, but remain insignificant for the perspective-taking task and the Social Appropriateness scale. For IRI scores, the link is negative and significant in most specifications
but seems to be mainly driven by children choosing weakly dominated strategies: excluding
those children (n = 20) in column (2) reduces the coefficient from around five to basically
zero. This is further supported by the significant link between IRI scores and choosing
weakly dominated strategies reported in Table A3.
While there is no effect of gender on choices in the first round, we report a significant
and large effect of age: older children choose higher numbers in the first round of the
game. This is not driven by weakly dominated choices, as column (2) indicates. To rule out
potential effects of age outliers, we exclude children below the 5th and above the 95th age
percentile within each cohort (third grade and fifth grade). Results in column (3) indicate
that the positive link between age and first-round choices persists; therefore, it appears that
age outliers are not driving this finding. Columns (4)–(6) demonstrate that these higher
numbers translate into worse performance for older children in the first round. However, the
effect does not transfer to the next rounds (see results from Tables 3–4; also, when looking
at the numbers chosen in round 2, the relationship fades out and becomes insignificant). At
first sight, a reasonable explanation would be that older children are (more) familiar with
higher numbers. However, we only compare children within groups coming from the same
class. Therefore, all of them learn together and have the same experiences in mathematics.
We argue that this makes it very unlikely that there are any age-related differences with
respect to familiarity with numbers within class (and within groups).17 Overall, there seems
to be a strong link between older children choosing higher numbers that cannot be explained
by weakly dominated choices, age outliers, or familiarity with higher numbers.
17

One could, in principle, think of children repeating a grade but when excluding these age outliers, the effect
persists, see column (3).
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Finally, column (7) provides results for another interesting analysis: guessing the median
of the other players’ choices in the first round can be really difficult because the choices
of only four players are potentially very shaky. In principle, it is possible that children
with specific skills are generally good at estimating the median choice of their peers—but
this will most likely be easier to observe when benchmarking to choices of all their peers.
In other words, perhaps some children are actually good at guessing the choices of their
peers (without observing prior behavior) but they cannot benefit from this skill because
choices (and the median) within groups are very heterogeneous due to the small group size.
To analyze this, we calculate the distance to the best response considering all first-round
choices (instead of only the group-specific choices). Based on the results, presented in
column (7), it appears that there is no systematic difference with the results from the other
columns, indicating that there is most likely no difference between the ability to guess the
choices of peers in general vs. the ability to guess the choices of the specific peers in one’s
group of children.

B.2

B.2

Robustness Checks

35

Robustness Checks

Table A7: OLS Regressions with Coins Won, Rank, and Distance Excluding Low Understanding

Female
Age in years
Fluid IQ
Perspective-taking
Social Appropriateness
Interpersonal Reactivity
Group FE
Observations
R-squared

Coins R2–10

Rank R2–10

Distance R2–10

0.086
(0.477)
-0.197
(0.617)
0.296
(0.353)
1.085***
(0.376)
0.309*
(0.150)
-0.593***
(0.184)
Yes

0.007
(0.196)
0.082
(0.238)
-0.038
(0.172)
-0.525**
(0.201)
-0.092
(0.071)
0.234***
(0.080)
Yes

-0.369
(0.539)
-0.369
(0.537)
0.291
(0.332)
-1.847*
(1.040)
-0.370
(0.398)
0.258
(0.227)
Yes

88
0.495

88
0.305

88
0.368

Notes: The results are based on OLS regressions. Standard errors in parentheses are clustered at
the group level. In this table, children with an experimenter-rated understanding of the game below 19 points (out of 20) are excluded from the analysis. For details on the outcomes, see Section 2.4.
* p<.10, ** p<.05, *** p<.01

Table A8: OLS Regressions with Coins Won, Rank, and Distance Excluding Dominated Choices

Female
Age in years
Fluid IQ
Perspective-taking
Social Appropriateness
Interpersonal Reactivity
Group FE
Observations
R-squared

Coins R2–10

Rank R2–10

Distance R2–10

0.148
(0.505)
-0.435
(0.566)
0.263
(0.305)
1.027**
(0.431)
0.395**
(0.144)
-0.427*
(0.207)
Yes

-0.009
(0.214)
0.178
(0.210)
-0.073
(0.139)
-0.431*
(0.213)
-0.139**
(0.061)
0.162**
(0.077)
Yes

0.187
(0.578)
0.078
(0.430)
0.130
(0.257)
-0.919
(0.947)
-0.564
(0.432)
0.295
(0.254)
Yes

85
0.557

85
0.370

85
0.345

Notes: The results are based on OLS regressions. Standard errors in parentheses are clustered at
the group level. In this table, children who chose a dominated number in any of the 10 rounds are
excluded from the analysis. For details on the outcomes, see Section 2.4.
* p<.10, ** p<.05, *** p<.01
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Table A9: OLS Regressions with Coins Won, Rank, and Distance Excluding Age Outliers

Female
Age in years
Fluid IQ
Perspective-taking
Social Appropriateness
Interpersonal Reactivity
Group FE
Observations
R-squared

Coins R2–10

Rank R2–10

Distance R2–10

-0.108
(0.372)
-0.005
(0.373)
0.209
(0.308)
1.375**
(0.532)
0.227
(0.146)
-0.509***
(0.176)
Yes

0.075
(0.176)
0.097
(0.231)
-0.066
(0.123)
-0.616**
(0.251)
-0.092
(0.060)
0.219***
(0.073)
Yes

0.057
(0.558)
-0.496
(0.711)
0.100
(0.332)
-1.589
(0.932)
-0.334
(0.320)
0.268
(0.255)
Yes

98
0.524

98
0.322

98
0.311

Notes: The results are based on OLS regressions. Standard errors in parentheses are clustered at
the group level. In this table, children aged below the 5th or above the 95th percentile within their
respective grade (third or fifth grade) are excluded from the analysis. For details on the outcomes,
see Section 2.4.
* p<.10, ** p<.05, *** p<.01

Table A10: OLS Regressions with Coins won, Rank, and Distance (No Group FEs)
Coins R2–10

Female
Age in years
Fluid IQ
Perspective-taking
Social Appropriateness
Interpersonal Reactivity
Group FE
Observations
R-squared

Rank R2–10

Distance R2–10

(1)

(2)

(3)

(4)

(5)

(6)

0.173
(0.376)
-0.327
(0.487)
0.137
(0.260)
1.105**
(0.416)
0.258*
(0.130)
-0.450***
(0.155)
Yes

-0.068
(0.360)
0.056
(0.230)
0.141
(0.211)
1.149***
(0.336)
0.345**
(0.133)
-0.404**
(0.182)
No

-0.008
(0.170)
0.175
(0.202)
-0.013
(0.110)
-0.532**
(0.192)
-0.112*
(0.064)
0.200***
(0.065)
Yes

0.068
(0.139)
0.034
(0.072)
-0.051
(0.084)
-0.388***
(0.118)
-0.102**
(0.039)
0.157**
(0.057)
No

-0.251
(0.476)
-0.066
(0.446)
0.179
(0.283)
-1.652*
(0.900)
-0.292
(0.317)
0.306
(0.214)
Yes

-0.221
(0.410)
0.065
(0.253)
0.117
(0.219)
-0.219
(0.495)
-0.246
(0.257)
0.173*
(0.091)
No

112
0.477

112
0.133

112
0.277

112
0.109

112
0.289

112
0.023

Notes: The results are based on OLS regressions. Standard errors in parentheses are clustered at the group level. For details
on the outcomes, see Section 2.4.
* p<.10, ** p<.05, *** p<.01

Table A11: OLS Regressions with Coins Won, Rank, and Distance (Not Controlling for Age)
Coins R2–10

Female
Age in years
Fluid IQ
Perspective-taking
Social Appropriateness
Interpersonal Reactivity
Group FE
Observations
R-squared

Rank R2–10

Distance R2–10

(1)

(2)

(3)

(4)

(5)

(6)

0.173
(0.376)
-0.327
(0.487)
0.137
(0.260)
1.105**
(0.416)
0.258*
(0.130)
-0.450***
(0.155)
Yes

0.150
(0.363)

0.004
(0.166)

-0.019
(0.110)
-0.527***
(0.172)
-0.107*
(0.062)
0.188**
(0.072)
Yes

-0.251
(0.476)
-0.066
(0.446)
0.179
(0.283)
-1.652*
(0.900)
-0.292
(0.317)
0.306
(0.214)
Yes

-0.255
(0.457)

0.148
(0.258)
1.096**
(0.391)
0.249*
(0.126)
-0.428**
(0.173)
Yes

-0.008
(0.170)
0.175
(0.202)
-0.013
(0.110)
-0.532**
(0.192)
-0.112*
(0.064)
0.200***
(0.065)
Yes

0.181
(0.288)
-1.654*
(0.905)
-0.293
(0.318)
0.310
(0.213)
Yes

112
0.477

112
0.472

112
0.277

112
0.266

112
0.289

112
0.289

Notes: The results are based on OLS regressions. Standard errors in parentheses are clustered at the group level. Columns
(2), (4), and (6) present the main results without controlling for age. For details on the outcomes, see Section 2.4.
* p<.10, ** p<.05, *** p<.01
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Tables for Adult Sample
Table A12: Sample Descriptives (Adults)

Female
Age in years
Fluid IQ
Perspective-taking
Interpersonal Reactivity

Mean

SD

N

Min

Max

0.60
22.63
0.00
0.70
-0.00

0.49
4.18
1.00
0.46
1.00

120
120
120
117
120

0
18
-3.12
0
-2.86

1
46
1.78
1
2.44

Notes: Sample descriptives for the adult sample. The study was conducted in 12 sessions with 10 participants each (two groups of five adults
per session). We are missing data on the perspective-taking task for three
participants because they did not show up to collect their payoffs (see Section 3.5).

Table A13: Game Descriptives (Adults)

Number Round 1
Number Round 2
Number Round 3
Number Round 4
Number Round 5
Number Round 6
Number Round 7
Number Round 8
Number Round 9
Number Round 10
Mean Number 1–10

Mean

Median

SD

N

Min

Max

23.64
13.47
8.31
6.64
4.83
3.13
2.75
1.59
1.54
1.12
6.70

21
11
7
4
3
2
1
1
1
0
5.9

14.92
9.00
7.33
9.55
9.21
6.70
8.42
2.74
5.20
4.42
4.08

120
120
120
120
120
120
120
120
120
120
120

1
0
0
0
0
0
0
0
0
0
1.2

99
47
50
58
90
60
87
17
50
46
25

Notes: Descriptives for the numbers chosen in each round of the game for
the adult sample.

Table A14: OLS Regressions with Coins Won, Rank, and Distance (Adults)

Female
Age in years
Fluid IQ
Perspective-taking
Interpersonal Reactivity
Group FE
Observations
R-squared

Coins R2–10

Rank R2–10

Distance R2–10

-1.452***
(0.465)
-0.043
(0.050)
0.124
(0.262)
-0.320
(0.523)
0.075
(0.219)
Yes

0.509**
(0.201)
0.011
(0.019)
-0.046
(0.117)
0.181
(0.209)
-0.005
(0.104)
Yes

0.366
(0.742)
0.049
(0.093)
0.029
(0.304)
0.913
(0.759)
-0.219
(0.602)
Yes

117
0.458

117
0.235

117
0.200

Notes: The results are based on OLS regressions. Standard errors in parentheses are clustered at
the group level. * p<.10, ** p<.05, *** p<.01

C Tables for Adult Sample

Figure A2: Histogram of Numbers Chosen in Round 1 (Adults)

Notes: This figure shows a histogram for the numbers chosen in round 1 in the adult sample.
The red vertical lines display resulting values for a level-k or depth of reasoning of 0, 1, 2,
and 3 (starting from an initial reference point of 50). See Section 3.1 for details on depth of
reasoning.
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The Beauty-Contest Game
Setup of the Game
Figure A3: Experimental Setup of the “Goblin Game”

Notes: This is the setup for the main table at which the board game was played. The experimenter guiding the children through
the 10 rounds of the game sat at the bottom center of the table. The five other seating positions are marked with one of the five
colors (gray, orange, white, blue, and yellow). A note with a reminder about the five steps of the game is placed at every seating
position. In the center, there is the actual board game with the goblin, the five colored pawns, and the treasure box filled with
gold coins. The board measured 59x59 cm (about 23x23 in), so children could read everything but could also reach everything on
the board. In the background, there is one of the five small tables used to explain the game to children in a one-to-one setting (see
Figure A4 for details).
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Figure A4: Material Used in the “Goblin Game”

Notes: This is the setup for one of the five tables at which the game was explained to the children in a one-to-one setting with
an experimenter. In the center, there is a mini-version of the board game used for the explanation, including some gold coins,
the green goblin figure, and the five colored pawns. At the bottom left is the indicator that this is the table for the white player
(this ensured that the right child would come to the right experimenter—experimenters rotated over colors, so that they would
explain the game to a different color for every group). At the top left is the game slip for the child on which he/she wrote down
the numbers for each round. Below that is the workbook containing the questionnaires. At the top right is the script used by the
experimenter to explain the game to the child (see Section D.2)

Figure A5: Plan for the Room in which the “Goblin Game” Was Played

Notes: This is the plan used to prepare the separate room in which the experimental BCG was played with groups of five children.
The separate rooms in all schools were set up following this plan to standardize the setting for all children across schools. There
were five small individual tables used to explain the game to children in a one-to-one setting with an experimenter. The main
experimenter always sat at the marked position on the large table to guide the children through the game (see Section 2.3 for
details about the procedures).
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Instructions for Experimenters

(The following instructions were used as a script by each experimenter during the one-to-one
explanation of the game. Each experimenter had these instructions in print in front of him
or her and followed the script exactly, step by step; see Figure A4.)
Information for the Experimenter/Instruction Reader
• Show no reactions to the strategies/ideas/suggestions of the children. Only answer
specific questions by referring to the rules.
• Example
Child: “I should never set a figure on numbers greater than 50, right?”
You: “You can set your figure on any number between 0 and 100. The player who is
closest to the goblin at the end of the round will win.”
• No explicit suggestions, including nonverbal suggestions, should be given regarding
potential game strategies.
• All bold solution parts of the rules should be mentioned, missing aspects should be
recorded.

Game Instructions: The Goblin Game
We are going to play a game, in which the goal is to win as many gold coins as possible. At
the end of the game you can trade the gold coins for toys. The more gold coins you have at
the end of the game, the wider choice of toys you will have. So, try hard! ,
We will play in groups of five. Every player will get a pawn, you have the color [NAME THE
COLOR and point to the figure]. There are also the colors [name the other colors and point
to the pawns].

Other than the five players, there is the goblin [point to the figure]. The goblin has hidden
gold coins in the forest. But he is a nice goblin and will help you find the gold coins. He
always reveals the location of the gold coins to the middle player. However, the goblin is
hexed: for every step he takes, he must go back half a step.
The goblin will show you the way to the gold coins. Therefore, you must be as close as
possible to the goblin after every round. The player who is closest to the goblin after the
round [point to the figure closest to the goblin for clarification], will win a gold coin [point to
the gold coin in the treasure box]. If two players are equally far away from the goblin, both
of these players will get a gold coin.
In total, we will play 10 rounds, so it is possible to win 10 gold coins. Look, here on your
game slip you can see fields for the 10 rounds [give the players the game slip and show them
the 10 rounds]. Write your name on the top of the page [let them write their name].
Good job! Every round will work in the same way, in other words, every round will contain
five steps [accordingly count the steps with your fingers]:
Step 1:
Every player will write down a secret number between 0 and 100 on his or her paper.
For the first round, this number will be written in the circle after round 1, in the second
round in the circle after round 2, and so on. When you are finished writing down your
number, you should simply put your playing figure over the number. This way, the other
players cannot see what you wrote down.
It is important that the others do not see what number you have written down. Maybe you
can hold your hand over what you are writing. Now, write down a number between 0 and
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100 in the example field! [let the child write down a number in the example field of the game
slip and write down a number yourself ].
Step 2:
When all players are done writing down a number, everybody can set their figure on the
respective field. Of course, you should set your figure on the number you wrote down.
Therefore, we will use the fields on the board game [point to the fields, so that they can
distinguish the goblin fields from the player fields]. There are fields between 0 and 100
[point to the fields]. Therefore, the number that you wrote down in step 1 must be between
0 and 100. Every player will set his/her figure on the respective number that he/she has
written down. Let’s go! [now let the child set his/her figure on the field and set the other
figures on the fields, 7, 24, 45, and 79—do not let any two figures be set on the same field; if
this happens, set them aside from each other].
Step 3:
Then, the goblin comes. He always runs from his field along the goblin fields [show which
ones these are]. In order to reveal where the gold coins are hidden, he runs to the middle
player. That is also the third player, if you count from the beginning. Now you can move
the goblin! [count out loud (1, 2, and 3), while the child moves the goblin along the fields].
Step 4:
Now comes the goblin jump. Because the goblin is hexed, he has to go back half a step for
every step he takes. So the goblin always jumps back to the field that is half the number
of the field on which he originally stood. Half of each number is written down on the goblin
fields [point to the respective field, the arrow and the half value], so that you do not have
to calculate. So, the goblin jumps back by half of the middle player’s number [move
the goblin figure and read the numbers out loud while doing so].
Step 5:
Now we look: Who is closest to the goblin? This player wins a gold coin. If two players
are the same distance from the goblin, both these players win a gold coin. Who wins a gold
coin this time? [let the child identify the winner].
Very good! Then let’s set all the figures back and the next round can begin. Altogether, we
will play 10 rounds.
So, again to summarize:
The point of the game is to win as many gold coins as possible. The player who is closest to
the goblin after each round wins a gold coin. Each round has five steps [again count the
steps with your fingers while explaining]: First, each player secretly writes down a number.
Then, each player sets his/her figure on that number. Next, the goblin runs to the third
player. The goblin then jumps back by half of the number chosen by the third player. The
player who is now closest to the goblin gets a gold coin. Then, the next round starts.
Do you have any questions on the rules of the game?
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TESTING UNDERSTANDING OF THE GAME
We will go through the game together one more time. You get to explain the steps of the
game to me. If you cannot remember something, no problem—I will gladly explain it to you
again. So: [Read out loud (without the headlines “Question X”). If necessary, explain the step
one more time, otherwise don’t mind and encourage the child by saying “you will surely see
how it works during the game!”]
Question 1: Can you please explain one more time what happens first in every round?
Answer: All players secretly write down, without letting anybody else see, a number
between 0 and 100 on their game slip. The players set their pawn on the secret number
that they have written down in order to cover it. This means that the players are done
writing down their number.
 Immediately completely and correctly explained
 With a hint completely and correctly explained
 After a repeated explanation, completely and correctly explained
 Not completely understood, the following is missing: . . .
Question 2: What happens after all players have written down their secret number?
Answer: When all players have written down their number (not before!), the players
simultaneously set their figures on the field (on the outer fields on the board game)
according to the number written on the game slip.
 Immediately completely and correctly explained
 With a hint completely and correctly explained
 After a repeated explanation, completely and correctly explained
 Not completely understood, the following is missing: . . .
Question 3: What happens after all players have set their figures on the board?
Answer: Then the goblin runs over the goblin fields up to the third/middle player.
 Immediately completely and correctly explained
 With a hint completely and correctly explained
 After a repeated explanation, completely and correctly explained
 Not completely understood, the following is missing: . . .
Question 4: What happens when the goblin is at the middle player?
Answer: The goblin jumps. This means, that he jumps back by half of the number
on the field (the number to which the goblin must jump is indicated on his original field,
behind the arrow).
 Immediately completely and correctly explained
 With a hint completely and correctly explained
 After a repeated explanation, completely and correctly explained
 Not completely understood, the following is missing: . . .
Question 5: What happens after the goblin has jumped back?
Answer: The player who is closest to the goblin wins a gold coin (if two players are
the same distance from the goblin, both these players win a gold coin). Then, all figures
are returned to the players and a new round begins.
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 Immediately completely and correctly explained
 With a hint completely and correctly explained
 After a repeated explanation, completely and correctly explained
 Not completely understood, the following is missing: . . .
In Conclusion: You did a great job! The game is about to start—but first, I will give you a
gold coin as a thank you!

E
E.1

Questionnaires and Outcomes
Perspective-taking Task

(This is the script used by the experimenter to explain the perspective-taking task “E on
the forehead”. The task is conducted right after the child has received the gold coin for
the explanation of the rules of the game; see previous page. The experimenter reads the
following text out loud and records the observed behavior right away.)
“Before we start, I have one small task for you.
Please trace, as fast as possible, with your forefinger, the capital letter ‘E’ on your forehead.”
[Repeat the instructions only once more if necessary. If the child does not understand, encourage him/her to take his/her seat at the group table.]
The ‘E’ is ...
 From my (experimenter) perspective reversed
 From my (experimenter) perspective legible
 Neither, the child traced something else
 The child did not understand the task, other
“Very good job—now you can go to your spot at the group table. Have fun playing the game!”

E.2

Social Appropriateness Scale

(This questionnaire was adapted from Meindl (1998). It was filled out during the first lesson
by all children in the classroom. Questions were read out loud by the experimenter and
children filled out the questionnaire in an individual workbook.)
Situation 1: The Camera
Fritz met his friend Jochen on the street and showed him the new camera his parents gave
him. Jochen asked Fritz if he could try the camera. While trying to take a picture with the
camera, Jochen tripped. The camera fell down and broke.
Question A: How does Fritz feel when he sees that the camera is broken?
 1. He is mad because his camera is broken.
 2. He does not care because he will surely get another camera from his parents.
Question B: How does Jochen feel?
 1. He feels guiltless, because he did not mean to break the camera on purpose.
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 2. He is embarrassed that he broke the camera.
Question C: How would you react if you were Fritz?
 1. I would yell at Jochen because he should have been more careful with the camera.
 2. I would tell Jochen that I am upset, but not mad at him, because he did not break the
camera on purpose.
Question D: How would you react if you were Jochen?
 1. I would apologize.
 2. I would tell Fritz that he should not be mad because I did not break the camera on
purpose.
Situation 2: The Computer
Jürgen wants for a computer for his birthday. However, his parents do not have enough
money and give him something else instead.
Question A: How does Jürgen feel when he sees that he did not get a computer?
 1. He does not mind because he received something else instead.
 2. He is disappointed.
Question B: How does not fulfilling Jürgen‘s wish feel to his parents?
 1. They feel sorry that they cannot fulfill his wish.
 2. They do not care because they would not have had enough money to buy the computer
anyway.
Question C: How would you react if you were Jürgen?
 1. I would complain loudly to my parents that I would have rather had a computer.
 2. I would try not to show my disappointment and rejoice over the other gift I got.
Situation 3: The Horror Film
Susanne would like to watch a horror film later in the evening. However, her father does
not allow this and sends her to bed, with the reasoning that she is still too young.
Question A: What does her father think, when he says that Susanne is still too young?
 1. He thinks that if Susanne watches the film, she would get very scared.
 2. He wants to upset Susanne.
Question B: How does not being allowed to watch the film make Susanne feel?
 1. She feels sad.
 2. She feels mad.
Question C: What would you do if you were Susanne?
 1. I would yell at my father because he is so mean to me.
 2. I would try to talk to him about it again.
Situation 4: The Dishes
Sebastian is about to leave the house because he has arranged to play soccer with his friends.
However, his mother asks him to wash the dishes as she still has a lot to do.
Question A: How does Sebastian feel when he hears that he should wash the dishes?
 1. He is sad.
 2. He is mad.
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Question B: How does his mother feel?
 1. She is stressed from all the work.
 2. She just does not want Sebastian to go and play soccer.
Question C: What would you do if you were Sebastian?
 1. I would go and play soccer because it was already arranged.
 2. I would wash the dishes and then go to soccer later.
Situation 5: Teasing
Markus constantly gets teased by his classmates because he stutters. Doris joins the class
as a new student. She notices that Markus gets teased by everybody and also joins in the
teasing.
Question A: Why does Doris tease Markus?
 1. Because Markus stutters.
 2. Because she wants to be accepted by the others.
Question B: How does Markus feel when he gets teased?
 1. He is sad and feels excluded.
 2. He does not take it seriously.
Question C: How would you react if you were Doris?
 1. I also would have joined in the teasing.
 2. I would have refrained from teasing.
Situation 6: The Best Grade
After school, Michael tells his friend Peter that he got an A in math. Peter, who got a C,
says to Michael: “You’re a stupid nerd”.
Question A: Why does Peter say this?
 1. He is envious of Michael.
 2. He does not like Michael.
Question B: How does Michael feel thereafter?
 1. He is hurt, because Peter offended him.
 2. He finds Peter’s behavior ridiculous.
Question C: How would you react if you were Michael?
 1. I would tell Peter that he should not exaggerate like that.
 2. I would tell Peter that I am sorry that he only got a C, but that he does not need to
offend me.
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Interpersonal Reactivity Index

(This questionnaire uses the items for cognitive empathy from Garton and Gringart (2005).
It was filled out during the first lesson by all children in the classroom. Questions were
read out loud by the experimenter and children filled out the questionnaire in an individual
workbook.)
1. I think people can have different opinions about the same thing.
 does not apply at all
 does not generally apply
 sometimes applies
 generally applies
 fully applies
2. When I am angry or upset at someone, I usually try to imagine what he or she is thinking
or feeling.
 does not apply at all
 does not generally apply
 sometimes applies
 generally applies
 fully applies
3. When I am arguing with my friends about what we are going to do, I think carefully
about what they are saying before I decide whose idea is best.
 does not apply at all
 does not generally apply
 sometimes applies
 generally applies
 fully applies
4. I sometimes try to understand my friends better by pretending I am them.
 does not apply at all
 does not generally apply
 sometimes applies
 generally applies
 fully applies

