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In June 1997, Richard Thaler (1997b) and
Bosch-Domènech and Nagel (1997b, c) independently designed and announced an experiment on the Beauty-contest game in two
different daily business newspapers [the Financial Times (FT) in the United Kingdom and
Expansión (E) in Spain], inviting the readers to
participate. Five months later, Reinhard Selten
and Nagel (1997) replicated the experiment in
the monthly Spektrum der Wissenschaft (S), the
German edition of Scienti c American.
Experimenting with newspaper or magazine
readers means losing control over some important elements. However, it opens up the possibility to experiment with (1) larger numbers of
subjects, (2) larger rewards, (3) longer timescales, and (4) a more diverse subject pool than
would be possible in the lab. Also, experiments
in newspapers can be inexpensive, since sponsors may be induced to  nance prizes. And
potentially, they have a huge educational impact
on the public at large, being advertised, described, and analyzed in the mass media.
Most important, running experiments in a

newspaper helps to answer the following question. Are the results of lab experiments different
from those obtained with large numbers of subjects, who are not the usual students, have
plenty of time to ponder their decisions, and can
obtain large prizes? To say it differently, by
running experiments in newspapers we put to
test the critical assumption of “parallelism” between the lab and the  eld.
A laboratory experiment usually consists of a
relatively small group of persons (up to 20
subjects), who arrive at the lab at the same time,
participate in an experiment for one or two
hours, and are paid slightly above the minimum
wage. A number of experiments tried to go
beyond this basic procedure. Peter Bohm (1972)
pioneered public good experiments carried out
by the Swedish Radio TV Broadcasting Company, with hundreds of subjects. The Iowa Presidential Stock Market (Robert Forsythe et al.,
1992) engaged the University of Iowa community to test how well markets work as aggregators of information. R. Mark Isaac et al. (1994)
ran repeated public good games with 40 or 100
subjects over several days. More recently, the
advent of the Internet has allowed some experimenters to move out of the lab. Peter Bossaerts
and Charles R. Plott (1999), for instance, have
run market experiments using the Internet as a
medium to collect experimental data, subjects
being able to log in any time they want within a
range of several days. Other examples are
David H. Lucking-Reiley (1999) and John A.
List and Lucking-Reiley (2000), who tested different auction mechanisms selling sportscards
on the Internet or in a real market. On a different track, a large number of  eld studies of
social programs involving thousands of participants, the so-called social experiments, have
been performed in the last decades.1 See also
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David Greenberg and Mark Schroder (1997) report 143
social experiments completed by the end of 1996 and 74
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Randall W. Bennett and Kent A. Hickman
(1993), Andrew Metrick (1995), and Jonathan
Berk et al. (1996). The last two papers used data
from the shows “Jeopardy!” and “The Price Is
Right,” respectively, in order to study rational
behavior.
Some researchers even ran experiments in
magazines. In 1993, inspired by Robert Axelrod
(1984) and the column “Metamagical Games”
by Douglas R. Hofstadter (1983a, b) in Scienti c American, Jean-Paul Delahaye and Philippe
Mathieu (1993, 1996) asked the readers of Pour
la Science to send in programs for an iterated
prisoners dilemma experiment with the possibility to exit the PD game. Ninety- ve readers
responded with interesting comments and
programs.
This paper analyzes a rich data set on the
Beauty-contest game. In it, we  rst describe and
compare the three Newspaper experiments. We
then relate these experiments to similar ones run
in labs (as reported in Nagel, 1995), and to new
experimental data collected in classrooms, conferences, by e-mail, or through newsgroups.
These nonlaboratory sessions may allow more
time to participants, or use economists, game
theorists, or the general public as subjects. In all
these experiments—involving different subject
pools, sample sizes, payoffs, and settings—our
analysis con rms the relevance of the iterated
best-reply model, as discussed by Nagel (1995,
1998), Dale Stahl (1996), and Teck Ho et al.
(1998). For statistical support of the results
reported in the present paper, see BoschDomènech et al. (2001), where we use the data
from the independent experiments described
here to construct a mixture distribution model
and estimate means and variances of the composing distributions as well as proportions of
subjects using different types of reasoning.
As in Nagel (1993), we asked participants in
the experiments for a written explanation of
their choices. In the paper, we classify these
explanations, quantify their frequencies, and
identify reasoning patterns that were absent in
previous analyses. In experimental economics,
analyzing reasoning processes is somewhat unusual. Instead, most studies are concerned

additional experiments not yet completed by that time. See
also Greenberg et al. (1999).
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with the results of decision processes.2 Exceptions are, among others, Sheryl B. Ball et al.
(1991), who used written protocols to explain
off-equilibrium behavior in investment games;
Camerer et al. (1993) and Miguel Costa-Gomez
et al. (2001), who studied cognitive processes
observing how subjects moved their computer
mouses from one information cell to another;
Reinhard Selten et al. (1997), who applied the
so-called strategy method (Selten, 1967) in
duopoly games; and Heike Hennig-Schmidt
(forthcoming), who ran video experiments on
bargaining games. For a discussion of the methodology of eliciting explanations for reasoning
processes see Richard E. Nisbett and Tim D.
Wilson (1977).
I. The Game and Reasoning Processes

In a basic Beauty-contest game, each player
simultaneously chooses a decimal number in
the interval [0, 100]. The winner is the person
whose number is closest to p times the mean of
all chosen numbers, where p , 1 is a predetermined and known number.3 The winner gains
a  xed prize. If there is a tie, the prize is split
amongst those who tie or a random draw decides the winner.4 In this game there exists only
one Nash equilibrium in which all choose zero,
or the lowest possible number.5
We analyze the data and comment sets according to the following  ve types of reasoning
processes. The  rst two are related to the game
theoretic analysis; types three and four have
been introduced and discussed in the previous
literature on the Beauty-contest game.

2
Herbert Simon (1978) observes that “economics has
largely been occupied with the results of rational choice
rather than the process of choice,” or, in his own terminology, with substantive rationality instead of procedural
rationality. See Simon (1976).
3
Here we will only discuss the cases 0 , p , 1. For the
other cases see, e.g., Nagel (1995).
4
See Nagel (1998) for a survey on the Beauty-contest
experiments.
5
If only integers are allowed (as in F) there are several
equilibria; in the case of p 5 23, in addition to the equilibrium “all choosing 0,” there is an equilibrium “all choosing 1.” This is a minor modi cation that does not change the
game in an important way. However, if p had been equal to
0.9, the equilibria would have been “all choosing either 0, 1,
2, 3, or 4,” instead of just a unique equilibrium as in the case
of real number choices (see Rafael López, 2001).
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1. The lowest number of the interval is the
unique equilibrium. Anybody who deviates
unilaterally from it will deviate from the
winning number, i.e., from p times the mean.
This is the typical  xed-point argument.
2. The game is dominance solvable. The process of iterated elimination of weakly dominated strategies (which will be called ID)
leads to the game’s unique equilibrium in
which everybody chooses 0.6 Thus, a rational player does not choose numbers above
100p, which are weakly dominated by 100p.
Moreover, if he believes that the other participants are also rational, he will not choose
above 100p 2 and so on, until all numbers are
eliminated but zero. The concept of iterated
dominance is an important concept in game
theory. The Beauty-contest game is an ideal
tool to study whether individuals reason in
steps and how many iterated levels they actually apply.
3. For the Beauty-contest experiments, Nagel
(1995), Stahl (1996), and Ho et al. (1998),
show that a model of iterated best reply
(IBR), starting at a uniform prior over other
players’ choices, describes subjects’ behavior better than the model of iterated elimination of dominated strategies. These authors
classify a subject according to the number of
levels of his reasoning and assume that, at
each level, every player has the (degenerate7) belief that he is one level of reasoning
deeper than the rest.8 Therefore, a Level-0
player chooses randomly in the given interval [0, 100], with the mean being 50. A
Level-1 player gives best reply to the belief
that everybody is Level-0 player and thus
chooses 50p. A Level-2 player chooses
50p 2, a Level-k player chooses 50p k, and so
on. A player, who takes in nite levels and
believes that all players take in nite levels,
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chooses zero, the equilibrium. This hypothesis of iterated best reply together with p 5
2 3 predicts that choices will be on the values
33.33, 22.22, 14.81, 9.88, ... and, in the limit,
0. This kind of process will be called IBRd
where “d” stands for degenerate beliefs.9
Note that the main difference between the
iterated best-reply model and the iterated-dominance reasoning lies in the different starting
point (50 vs. 100).
4. Stahl (1998) tests whether a model of nondegenerate beliefs explains the data. We
denote by IBRnd (“nd” stands for nondegenerate), the iterated best reply to the nondegenerate beliefs that other players are at
more than one level of reasoning.
5. Lastly, we add a type of procedure that has
not been mentioned in the previous literature. Players might realize that through
“armchair” reasoning the “right” number
could not be found. From comments submitted by participants in the E and S experiments we learned that some of them avoided
this problem by running their own experiment with a sample of people. We will call
these subjects experimenters.
II. Newspaper Experiments

A. Design
Participants in the three Newspaper experiments (and in all other experiments discussed in
the paper) are asked to choose a decimal number in [0, 100],10 and to explain their choice.
The winner is the person whose number is closest to 2 3 of the average number submitted. Rewards offered to the winners and time available
in the Newspaper experiments were much larger
than those in the lab.11 Table 1 summarizes
common aspects and differences between the
three Newspaper experiments.12
Bosch-Domènech and Nagel (1997a) and

6

The number of iterations is in nite. When subjects
choose in [1, 100] (as in E), a  nite number of reasoning
steps leads to the equilibrium.
7
In general, by degenerate we mean that the player
assigns probability 1 to all the other players being at one
speci c level of reasoning. We say that a player has nondegenerate beliefs if he gives positive probabilities to the
other players being at more than one level of reasoning.
8
Ho et al. (1998) state that “while this is logically
impossible, it is consistent with a large body of psychological evidence showing widespread overcon dence about
relative ability” (see, e.g., Camerer and Dan Lovallo, 1999).

9
We use “beliefs” as synonym of “beliefs about the
choices of others.”
10
As mentioned, in E the choice was in [1, 100], and in
FT it was restricted to nonnegative integers.
11
All data sets used in this paper are available upon
request from the authors.
12
Many of the methodology aspects mentioned here also
hold for Internet experiments or experiments done for third
parties such as government or  rms.
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NEWSPAPER EXPERIMENTS

Financial Times

Expansión

Spektrum der Wissenschaft

Number of
participants
Numbers/Interval
to choose
from
Explanation of
“23 of the
mean”

1,476 participants

3,696 participants

2,728 participants

Integer number in [0, 100]

Number in [1, 100]

Number in [0, 100]

With an example: 5 people choose
10, 20, 30, 40, 50. The average is
30, 23 of which is 20. The person
who chooses 20 wins.

No explanation of mean or 23 of
mean is given. 23 of mean is
called “target number”

Comments asked

“Please describe in no more than 25
words the thought processes you
went through in arriving at your
number”
2 return Club Class tickets to New
York or Chicago donated by
British Airways
Once

With a de nition: suppose 1000
persons participate. Sum the chosen
numbers and divide them by 1000.
Multiply the result by 23. The
winning number is the closest to
the last result
“If you want to add some comment
about how you decided to choose
your number, we are interested in
it”
100.000 Pesetas (about $800), paid by
Expansión
Preannouncements of the game;
appearance of rules on 4
consecutive days
1 week
Letters, fax, or e-mail
One entry per person. Personnel of
Universitat Pompeu Fabra and
direct family excluded

Once in print and in their web
page

“This is an exercise, an
experiment ... related to economics
and human behavior. John Maynard
Keynes could say that playing at
the stock market is similar to
participating in a Beauty-contest
game ... .”

“Who is the fairest of them all?
The average ... according to
psychological tests. However,
sometimes it helps being
different from the average by
the right amount.” Tale about
a country Hairia where the
most beautiful person is the
one who has 23 of the hair
length of all contestants
German
Monthly magazine, German
edition of Scienti c American,
distributed in Germany, with
about 120,000 copies per
month.
Selten, Nagel

Prize
Announcement
of the rules
Time to submit
Submission form
Other restrictions

Cover story,
context of
experiment

13 days
Postcards
One entry per household, minimum
age 18, resident of UK; excluded:
employees of FT or close
relatives, any agency or person
associated with the competition
Competition as “appetizer for the FT
Mastering Finance
series” ... “Contest will be
discussed ... in an article on
behavioral  nance ... . The series
will offer a mix of theory and
practical wisdom on ... corporate
 nance,  nancial markets and
investment management topics”

Language
Description of
newspaper/
magazine

English
Daily business paper, worldwide
distribution, printed in England,
with 391,000 copies per day.

Spanish
Daily business paper, distributed in
Spain with 40,000 copies per day

Authors

Thaler

Bosch, Nagel

Thaler (1997a) wrote the instructions independently of each other. Selten and Nagel (1997)
had both sets of instructions when writing for S.
The newspapers’ editors induced some of the
differences in the instructions. Thaler had to
limit the choices to integers instead of decimal
numbers. The reason was a legal restriction
imposed by the FT attorney, who felt that a
game with decimal numbers becomes a game of
pure chance. Gambling by private persons or
institutions is not allowed in the United Kingdom. This restriction causes a higher number of
ties. In order to decide the winner in FT’s con-

“We will be glad when you also
tell us how you got to your
number”
1000 DM (about $600) paid by
Spektrum

2 weeks
Letters or e-mail
One entry per participant.
Employees of Spektrum
excluded

test, “the judges consider the best comment to
be the tiebreaker.”
Only in the FT experiment were entrants
obliged to explain their decisions. Many experimentalists are concerned that requiring explanations from subjects may force them to think
their decisions over, bringing about more
thoughtful results.13 Indeed, in S, the average
choice of entrants submitting comments (24

13
About the effect on decisions of prompting subjects to
think more carefully, see for instance Rachel Croson (1999).
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percent of all entrants) was 14.4, while the
average of those without comments was 26.8. In
FT all entrants were supposed to submit comments and their average was 18.9. However, the
average choice of those in E with comments
(4.5 percent of all entrants) was 25.2, whereas
without comments it was 25.5.
Similarly, providing examples in the instructions may affect decisions. In FT, Thaler used
an example (with number 20 as a winner) in
order to prevent choices above 50. Indeed, in
FT, numbers above 50 were less frequent than
in the other two publications: 4 percent in FT, 9
percent in E, and 10 percent in S.
E requested that the opening article include a
reasoned justi cation for performing the experiment. This newspaper did also several preannouncements of the game, days before the
opening article appeared. This probably caused
a higher number of participants than in the other
Newspaper experiments. Furthermore, without
the authors’ knowledge, E published a shortened version of the opening article containing
the rules of the game on the three consecutive
days following its publication. The shortening
resulted in the omission that comments were
welcome and, consequently, we received fewer
comments from E than from the other newspapers. It also omitted mentioning that only one
number per person would be accepted. In fact,
several participants submitted multiple numbers. However, they only amounted to about 1
percent of the entries.
B. Results
Choices.—Here we analyze and compare the
data sets of choices from the three Newspaper
experiments. Subsquently we make use of the
large number of comments received for these
experiments.
Figures 1(a)–(c) show the relative frequencies of the chosen numbers [in intervals [0, 0.5);
[0.5, 1.5); [1.5, 2.5); etc.], the average choice,
the winning number, and the number of participants in the three Newspaper experiments. The
 gures indicate the similarity of choices despite
the differences in subject pools and notwithstanding the uncontrollability of such experiments. In addition, the results con rm the
existence of a common pattern of decisionmaking, previously identi ed in the lab experiments of the Beauty-contest game as levels of
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FIGURE 1. RELATIVE FREQUENCIES OF CHOICES
IN T HREE NEWSPAPER EXPERIMENTS

iterated best reply (IBRd, see Section I). We
report these  ndings as:
Fact 1: The three Newspaper experiments result in similar frequency distributions. In particular, they all show spikes at number choices
33.33, 22.22, and 0.14
In line with previous work, we take spikes
33.33 and 22.22 as an indication that a number
of participants follow Level 1 and Level 2 based
14
The spike at 33.5 in Figure 1 results from the choice in
E being constrained to the interval [1, 100], so that 23 of the
average is 33.66. The rounding up of this and other numbers
from 33.5 to 34 in the  gure yields 33.5. The interval
constraint in E and the restriction to integers in FT also
causes the spike at 1.
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TABLE 2—RELATIVE FREQUENCIES OF THE DIFFERENT
TYPES OF REASONING FROM THE COMMENTS
OF E AND S EXPERIMENTS
Types of reasoning processes
Fixed point
Equilibrium, without further
explanation
Iterated dominance (ID)

Relative frequencies
2.56 percent
14.61 percent

13.77 percent of which
11.10 percentage points
are Level-`
Iterated best-reply degenerate
54.71 percent of which
(IBRd)
25.45 percentage points
are Level-`
12.47 percentage points
are Level 0
Iterated best-reply nondegenerate 9.28 percent
(IBRnd)
Experimenters
5.09 percent

on the IBRd model.15 The process of in nite
iterated dominance or the  xed-point argument
can also explain the spike at 0. Models that
incorporate nondegenerate beliefs do not offer
plausible explanations of these spikes. Indeed,
we  nd that none of the 72 participants in E and
S16 whose comments indicated a reasoning process according to IBRnd chose 33.33, 22.22,
or 0.
Comments.—Here we analyze the set of comments17 received from the participants of the
Newspapers experiments in E and in S in order
to gain insight into the reasoning process behind
their choices. A detailed classi cation of the
comments18 according to the  ve types of reasoning processes mentioned in Section I results
in the following observations (see also Table 2).
From the 786 comments in E and S,19 55 percent used iterated best-reply degenerate (IBRd),
15

Level 3 is less compelling.
We do not have the comments submitted to FT.
All comments used in this paper are available upon
request from the authors.
18
To interpret comments presents signi cant dif culties,
which might result in different classi cations by different
examiners. Therefore, two of us independently classi ed the
set of comments from E readers according to the types of
reasoning mentioned in Section I. We then compared both
classi cations and settled any differences. After this, we
classi ed the remaining comments.
19
In E we received 166 comments. In S it was made
clear that comments were welcome, and we received 645.
Of these, we exclude 29 comments, which did not  t in any
of the types mentioned in Section I.
16
17
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of which 12 percentage points correspond to
Level 0 (random choice); 14 percent used iterated dominance (ID); 9 percent iterated bestreply nondegenerate (IBRnd); 5 percent ran
their own experiment; 3 percent used a  xedpoint argument; and 15 percent described the
equilibrium without explicitly detailing their
reasoning.20 This last group may include  xedpoint reasoning, as well as IBRd Level-`
and ID.
If we disregard the 15 percent of equilibrium
comments that cannot be classi ed, we can state
the following fact:
Fact 2: A majority (64 percent) of comments
show subjects using an IBRd argument, of
which 15 percentage points correspond to Level
0 (random choice).
It is interesting to note that almost all subjects
who provided comments describing IBRd only
mentioned Levels 0, 1, 2, 3, and Level-`. Even
comments based on nondegenerate beliefs assign positive probabilities mainly to those
levels.
In order to visualize the connection between
types of comments and choices, Figures 2(a)–
(c) plot the relative frequencies of choices [in
intervals [0, 0.5]; (0.5, 1.5]; (1.5, 2.5]; etc.; the
sum of the frequencies of each type adds up to
one] made by the subjects who submitted comments to E and S. Figure 2(a) represents the
distributions of choices of those subjects who
identify the equilibrium in their comments. We
separate these subjects in three types according
to whether they describe their reasoning processes as ID Level-`, IBRd Level-`, or  xedpoint. The choices of those subjects who do not
explicitly state their reasoning are pooled together with those in the  xed-point type. Figure
2(b) plots the distributions of choices of the
subjects who do not reason all the way to the
equilibrium. These subjects are again separated
into three types, according to whether their reasoning  ts ID, IBRd (without Level 0), and
IBRd Level 0. Figure 2(c) represents the choice
distributions of the experimenters and of those
subjects who apply IBRnd.
Comments describing IBRd Level 0 are as-

20
See Appendix A for an example of each of these
reasoning processes.
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tration near or at the theoretical values 66.6,
44.4, 29.6, or 19.75 [Figure 2(b)]. In contrast to
this, the choice distributions of experimenters
and of those following IBRnd show no systematic features [Figure 2(c)].
Finally, the three choice distributions of the
group of subjects who identify the equilibrium
are very similar and all have a large spike near
0/1 [Figure 2(a)]. Analyzing these 422 choices
in this group, we  nd the following:
Fact 3: The large majority (81 percent) of subjects describing the Nash equilibrium choose a
larger number than the equilibrium.
Some economists (see Plott, 1996) have argued that phenomena that appear irrational
could be the result of rational players expecting
others to behave irrationally. Fact 3 is an example of this phenomenon. That most players who
went all the steps to the equilibrium did not stop
there but kept searching for a number explains
the three dots in the title after “in nity.”
Turning the previous statement upside down,
those who choose the equilibrium (19 percent),
and thus appear rational, incorrectly expect that
the other players will behave rationally. In psychology this is known as “false consensus” (see
L. Ross et al., 1977), meaning that a player
assumes that other players reason as himself.21
III. Comparisons with Lab Experiments

FIGURE 2. RELATIVE FREQUENCIES OF CHOICES
OF THOSE SUBJECTS W HO MADE COMMENTS
Note: The numbers of observations of each type are stated
in parentheses next to labels.

sociated with the highest dispersion of choices
[Figure 2(b)]. Comments describing IBRd Level
1, Level 2, or Level 3 are associated with large
spikes at 33.33, 22.22, and near 14.81 [Figure
2(b)]. More precisely, of all subjects describing
these three levels, 42 percent choose exactly
33.33, 22.22, or 14.81. Choices with ID comments (excluding Level-`) show some concen-

As mentioned, one purpose of running experiments out of the lab is to help critically
assess the assumption of “parallelism.” Do we
see, then, similarities or differences between
Beauty-contest experiments run in labs and in
newspapers?
Before entering into a detailed comparison, it
is worth mentioning some of the basic differences between the two types of experiments,
often due to the increased loss of control in
newspaper experiments:
(a) Subjects’ sociodemographic pro les: Experimentalists know that their lab subjects
are not representative of the population at

21
But Robyn M. Dawes (1990) argues that expecting
others to behave like oneself may not be that irrational after
all.
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FIGURE 3. RELATIVE FREQUENCIES

OF

CHOICES

large. They are aware, however, of some
of their basic sociodemographic characteristics (age, sex, training ... ). In a newspaper experiment, we obtain a larger, but
also uncertain, range of sociodemographic
pro les.
(b) Information seeking: Subjects of newspaper
experiments may go to great lengths to
submit informed answers. One interesting
variety of observed information-seeking
behavior consists in running a parallel
experiment. Thirty-nine participants in S,
and one in E, reported that they had run
an experiment among students, friends,
and relatives, to help them decide what
number to submit. Of those, 31 percent
chose a number between 12 and 17 [see
also Figure 2(c)], the smallest integer in-

IN THE

SIX GROUPS

DECEMBER 2002

OF

EXPERIMENTS

terval containing all 2 3 of the averages in the
three Newspaper experiments.22 By contrast,
among the entire population of all Newspaper
experiments, only 11 percent chose in this
interval (see Figure 3.6).
In one case, a participant in the S experiment
decided to run his own replication of the experiment on an Internet newsgroup, with responses
sent via e-mail (for the distribution of choices,
see Figure 3.5). The winning number in his
22
A group of German experimental physicists reported
(see Selten and Nagel, 1998, p. 17): “We conclude that we
do not have any reasonable reference point. Therefore we
decide to indulge the Deities of Empiricism by running the
game quickly among 50 friends.” Their choice was
15.768361, very close to the winning number.
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experiment was 14.81. He submitted 14.2 and
was very close to winning the S prize, the
winning number being 14.7. This is a difference
of 0.1 points between one experiment with 150
subjects and another with 2,728!23 We state
these results as follows:
Fact 4: Those subjects who conducted their own
experiments in order to decide which number to
choose were, on average, closer to the winning
answer than theorists and the general public.
Another reader of S discussed the experiment
in her math class and then submitted the joint
bid of her classmates. Her account appears in
Appendix A, and exempli es the wide variety
of comments received ranging from choosing a
favorite number, to a  nite IBR process, or
choosing according to an experiment run in
class. Her account is also a description of group
decision-making reaching the equilibrium by
in nite IBRd, and  nally choosing close to
equilibrium. But, as reported in the survey by
Norbert L. Kerr et al. (1996), there is no clear
evidence that groups make fewer judgmental
errors than individuals.24
(c) Coalition formation: In the lab, the experimenter can easily avoid the formation of
coalitions, but this is not possible in a newspaper experiment. In fact, we know that in
the Newspaper experiments there were at-

23
As noted by a referee, it is striking how close the
“experimenter” came to the correct answer. Take, for instance, the 95-percent con dence interval (CI) for the winning number derived from the “experimenter” data
(assuming the same sample size of S), which is found to be
[14.24, 15.30]. This interval contains the winning number in
S. Moreover, it is very similar to the 95-percent CI for the
winning number in the S experiment, which is [14.15,
15.27].
24
Yet, Gary Bornstein and Ilan Yaniv (1998) report
more rational behavior in group decision-making in ultimatum games. Similarly, Alan S. Blinder and John Morgan
(2000) show that group decisions are on average superior to
individual decisions. However, in a recent paper on group
decisions in the Beauty-contest game, Martin G. Kocher and
Matthias Sutter (2000) found that, in the  rst period, 15
groups (with three members in each and  ve minutes discussion time) do not choose differently than 15 single
players. Differences between decision-making by groups
and by individuals will probably depend on the particular
decision tasks and on the decision rules applied in the
groups.
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tempts of coalition formation,25 although
with little impact on the results (except
for a larger-than-expected frequency at
100).
In the remainder of this section we present
and compare the main features of 17 different
experiments, collected from different sources.
These experiments are pooled in eight groups
described in Table 3.
To compare the results of the Beauty-contest
experiments we plotted in Figure 3 the relative
frequencies of choices of the six groups of
experiments, separately. The  rst group, Lab
experiments with undergraduates, is clearly distinguished from the rest, because the Nash equilibrium was only once (1 percent) selected. As
soon as subjects have some training in game
theory, the proportion of subjects choosing the
equilibrium increases. The highest frequencies
are attained when experimenting with theorists
(Group 4, Theorists, 15 percent), in which case
the greater con dence that others will reach
similar conclusions may be reinforcing the effect of training. In Newspaper, the frequency of
equilibrium choices (6 percent) falls somewhere
in between, as should be expected from the
heterogeneous level of training of their readers.
We can, consequently, state the following observation:
Fact 5: Training, and playing with other
trained subjects, seems to increase the frequency of choices near the equilibrium.26
25
One attempt was blatant in E. By allowing for the use
of e-mail to submit numbers, we made it easy for a ringleader to spread the word among his e-friends to enter the
number 100, so that he could increase his chance of winning
by choosing a large number. Thaler (1997b) reports that a
“group from a College in Oxford all gave the answer
99 ... .” Removing all 99 and 100 entries “the winning
number would have been 12 instead of 13.” In S the authors
report that “the grandparents and parents Kennel [ ... ] send
100 [ ... ] in order to irritate seemingly rational players who
choose near 0 [ ... ] and in order to increase the winning
chances of [their] daughter,” who chose 5.5.
26
In Bosch-Domènech et al. (2001), we construct a
mixture distribution model and estimate the proportion of
the different composing distributions. A t-test for equality
of the proportions at Level-` in Classroom and Theorist
experiments gives the value of t 5 25.40 which is significant at any typical signi cance level; the same t-test for
Classroom and Newspaper experiments gives a value of t 5
23.19, which is also highly signi cant. Even more significant would be the differences between Lab experiments
and Theorists or Newspaper.
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TABLE 3—DESIGN

Experiment
(Month/year)

Data from

AND

STRUCTURE

OF

Subject pool

17 EXPERIMENTS, CLASSIFIED
Number of
players per
session
(total)

DECEMBER 2002
INTO

Payoffs

SIX GROUPS
Time to
submit the
number

Submission
by type

Comments

1. Lab # 1–5
(8/1991, 3/1994)

Nagel (1995, 1998)

Undergraduates from
15–18 (86)
various departments
at Bonn and Caltech
(#5)

20 DM to winners, 5 DM
show-up fee, $20 and $5
show-up fee, split if tie

5 min.

Immediately

Optional

2. Classroom # 6, 7
(10/1997)

Collected by Teachers at
UPF: Charness,
Hurkens, Lopez, Nagel

2nd-year economic
undergrads UPF, in
Economic Theory
class. Limited
knowledge in game
theory

3,000 Pesetas ($24), split if
tie

5 min.

Immediately

Optional

1 week

Hand in
personally

Optional

3. Take-home # 8, 9
(10/1997)
4. Theorists #10
(12/1997)

30–50 (138)

30–50 (119)

Collected by Rockenbach 3rd–4th-year
54
undergraduates in
Game Theory class,
Bonn
Collected by Nagel
Game theorists/
20–40 (92)
Economists in
Conference
Profs/doctorates of
Department of
Business/Economics
in UPF

30 DM ($18), split if tie

3 weeks

Hand in
personally

Optional

$20 split if tie

5 min.

Immediately
or e-mail

Optional

Handbook of Experimental
Economics. Random
draw if tie

1 week

5. Internet
newsgroup # 14
(10/1997)

Collected by Participant
in S. See Selten and
Nagel (1998)

Newsgroup in Internet
(responses via
e-mail)

150

30 DM ($18) or book

1 week

e-mail

Optional

6. Newspaper # 15
(5/1997)

Thaler (1997) in
Financial Times

Readers of FT

1476

2 tickets London–NY or
London–Chicago

2 weeks

Letters

Bosch, Nagel (1997) in
Expansión
Selten, Nagel (1998) in
Spektrum der
Wissenschaft

Readers of E

3696

100.000 Pesetas ($800)

1 week

Readers of S

2728

1,000 DM ($600), random
draw if tie

2 weeks

Letter,
e-mail, fax
Letter,
e-mail

Required to
become a
winner
Optional

# 11, 12
(6,10/1997)
# 13 (11/1995) by
e-mail

# 16 (5/1997)
# 17 (10/1997)

Other than training, time availability may be
a factor in the frequency differences observed in
choosing the Nash equilibrium. To test this
hypothesis, we ran two Classroom experiments
(Group 2) and two Take-home experiments
(Group 3) at the Universitat Pompeu Fabra
among undergraduate students with very limited knowledge of game theory, giving them
about  ve minutes and one week, respectively,
to return their number. These experiments show
a small increase in equilibrium choices (these
being 3 percent and 4 percent, respectively)
with respect to Lab experiments (1 percent), but
almost no difference between them. However,
analyzing the comments we  nd that only 9
percent indicate the equilibrium in Group 2 vs.
20 percent in Group 3. A similar comparison
can be done with E and S equilibrium choices
(3 percent in E choose 1, and 4 percent in S

Optional

choose 0) and equilibrium comments (33 percent in E vs. 60 percent in S) with one- and twoweek deadlines, respectively.27 Time, therefore,
helps subjects in identifying the equilibrium.
But our particular game also allows subjects to
 nd reasons not to stick to it.
We can state this result as:
Fact 6: Time availability seems to increase the
frequency of equilibrium comments, but not of
equilibrium choices.
27
Roberto Weber (2000) ran ten-period Beauty-contest
games, in which no information was reported to the players
until the end of the experiment. In spite of this, choices
converged (albeit slowly) to equilibrium. This result is
interpreted as implying that the choice in a game is affected
by repeatedly thinking about it. More time allows more
repeated thinking.
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Time is also associated with the appearance
of comments indicating that subjects follow
IBRnd. This thinking process is absent in comments from experiments in Groups 1 and 2, and
in those experiments of Group 4 with little time
to think. However, in Group 3 and in experiment 10 in Group 4 it is 10 percent and 5
percent, respectively.
Most important, all experiments show, in
spite of these differences, a common pattern of
choices already described as Fact 1 in relation to
the Newspaper experiments.28
Fact 2 is also con rmed by the comments
submitted. These comments show similar percentages of IBRd.29 Excluding Level-0 reasoning (random choice) from it, we observe 49
percent for Group 1, 44 percent for Group 2, 46
percent for Group 3, and 46 percent for Group
4, just above the 43 percent observed in the
Newspaper experiments. We can restate these
facts as follows:
Fact 1b: All experiments analyzed result in
frequency spikes at number choices 33.33 and
22.22 and also, in all but the Lab experiments,
at equilibrium. Furthermore, in all experiments
the modal reasoning process described in the
comments is IBRd.
IV. Conclusions

Experimenting with the “Beauty-contest”
game through the platform offered by several
newspapers allows us to explore three issues.
The  rst is the assumption of “parallelism”
between lab and  eld, so basic to any experimental methodology. Experimental results are
in uenced by what Jacob Marshak (1968)
called the different costs of thinking, calculating, deciding, and acting. Large-scale experiments of the sort that can be run through a
newspaper can test whether the results of lab
experiments are robust to variations in sample
28
In Bosch-Domènech et al. (2001), we show that across
all very disparate experiments, the estimated means of the
component distributions in a mixture distribution model
remain similar and close to the theoretical values predicted
by IBRd. Over all data, the estimated mean for the  rst
distribution in the mixture model (corresponding to Level 1)
is 33.45 (standard error 5 0.15), and for the second distribution (Level 2) is 22.56 (standard error 5 0.20).
29
For a complete classi cation of the comments from
the Lab experiments, see Nagel (1993).
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sizes, rewards, and the different costs mentioned by Marshak. In a newspaper experiment,
one is likely to encounter a population more
heterogeneous than undergraduate subjects. There
may be subjects with widely different costs of
thought and calculation (due to different education, training, or information), different decision
costs (at leisure vs. time constrained), and different costs of taking action (ready access to e-mail
and fax or not). This is a richer world with less
experimental control.
The fact that three experiments involving
thousands of subjects, run in different countries,
for different newspapers, catering to different
populations, yield very similar results is a clear
indication that we are observing a pattern of
behavior that must be quite common. In addition, this pattern is replicated in lab experiments
with subject pools of undergraduate, graduate
students, and economists. This indicates that the
“parallelism” assumption between lab and  eld
has been upheld.
Second, we identify the patterns of mental
processes used by the participants in the game
analyzing not only the subjects’ choices but also
the comments reported by some of them. We
show that iterated best reply (degenerate), is
prevalent across different subject pools, sample
sizes, and elicitation methods. Nevertheless, the
proportions of subjects employing different levels of reasoning varies across experiments depending on several factors, among others: (1)
subjects’ training, as for students vs. theorists;
(2) time availability, as in Classroom experiments vs. Take-home experiments; and (3)
information-gathering efforts, as in Newspaper
experiments. Also, for a number of participants
who reasoned as far as the equilibrium, their
choice ultimately depended on their con dence
in others’ ability to reach similar results.
Third, we show that newspaper experiments
can be done and are fruitful. Some economists
may be skeptical about the future of newspaper
experiments. We are not.30 As readers become
familiar with the Web pages of newspapers and
magazines, experimenters can run Internet-like
experiments from these Web pages.31 This will
30
A recent example of a newspaper experiment is
Werner Gueth et al. (2002). They ran an ultimatum game
using the platform of the Berliner Zeitung.
31
Ernst Fehr and Suzann-Viola Renninger (2000) discuss the results of a Beauty-contest experiment announced
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provide experimenters with access to large and
heterogeneous populations, to sponsorship, and
to a unique platform for publicizing the experimental methodology and divulging economics
principles.
We should not end this paper without mentioning our surprise when faced by subjects who
had run their own experiments in order to decide what number to send to ours, and whose
submissions were very close to the winning
numbers! To our shame, we were taught the
very lesson that we, experimentalists, are trying
to teach our fellow economists: when in doubt,
run experiments.
APPENDIX A:
Examples of the  ve different types of reasoning processes and of group decision-making
by participants in the E and S experiments
(translated from Spanish or German) are as
follows:
1.

Fixed point
E#986: “I choose 1. This is what is nearest
to x 5 0, which is the only number equal to
2 3 of itself. Logical answer.”
2. ID plus rounding, trembling, and other
rules of thumb
E#3237: “If everybody would choose 100,
the maximum number that could be chosen is
66.6. Therefore, theoretically nobody will
send a number over 66.6 and, if you multiply
this by 2 3 we get 44.4. Therefore, in theory,
nobody should be sending either a number
over 44.4. Following this reasoning process
the only number that should be sent is 1.
However, I understand that many different
people participate in this game and not everybody will apply the reasoning process explained above. Therefore, and taking into
account that the majority of people would go
all the way up to 1, I choose 6.8.”
3a. IBRd Level-` plus rounding, trembling,
and other rules of thumb
S#1206: “In case that all numbers are
in DIE ZEIT in which the participants were explicitly invited to debate about the game in the web site of the
newspaper. About 100 participants used this forum. The
authors report no difference with our results, except for a
larger number of 100’s “possibly encouraged by one participant via the Internet.”
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equally distributed, the average will be 50.
2 3 of that is about 33. Since the readers of
Spektrum are certainly not the dumbest,
they will all get to 33 at the  rst step.
However, 2 3 of that is 22. Since certainly
all will calculate this, one has to take 2 3 of
that ... . The series continues at in nitum
and at the end you get 0! However, I
choose, despite that logic, 2.32323.”
3b. IBRd Level 1 plus rounding, trembling, and
other rules of thumb
E#663: “If all the numbers had the same
probability of being chosen, the mean would
be 50 and the choice should be 2 3 50 5 33.33.
However, I have estimated a percentage of
deviation around 33.33 of 10% and, therefore, I choose the number 30.”
3c. IBRd Level 0
S#1591 [chooses 42 with the following explanation]: “Even though I know I won’t
win, I take the answer from the question of
life, universe, and the rest [see Douglas
Adams, “The Hitchhiker’s Guide to the
Galaxy” (1995)] and use it for everything.
Maybe I will also use it for this quiz.”
4. IBRnd
E#1811: “I choose the number 15.93. The
reasoning is the following: I assume
10% do not have a clue and pick the mean 50
20% give a naive answer: 33 5 50*2 3
50% go a second round: 22 5 33*2 3
5% go a third round: 14 5 22*2 3
5% are really devious and choose 10 5
14*2 3
10% are crazy mathematicians who choose 1.”
5. Experimenter
E#1984: “I decided to run an experiment
with a group of friends. Since I believed
that the sample was representative of the
participants in the general experiment, I
assumed the result of the experiment would
be a good indicator of the solution. People
used the following reasoning. One said
simply the mean, 50 (!!!). Some others multiplied 2 3 by 50 and said 33.33. One said 25
because ‘today is the 25th’. In some other
cases people said 1, or a number close to 1
even though in one case the reason was ‘to
pick a number at random’. The mean was
around 13 and, therefore, my answer is
8.66666.”
6. Group decision-making [italics added]
S#1172: “I would like to submit the pro-
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posal of students of my math class Grade 8e
[about 14 years old] of the Felix-KleinGymnasium, Goettingen, for your game:
0.0228623. How did this value come up?
Johanna ... asked in the math-class whether
we should not participate in this contest.
The idea was accepted with great enthusiasm and lots of suggestions were made
immediately. About half of the class
wanted to submit their favorite numbers
[IBRd Level 0]. To send one number for all,
maybe one could take the average of all
these numbers [experimenter].
A  rst concern came from Ulfert, who
stated that numbers greater than 66 2 3 had no
chance to win [ID]. Sonja suggested taking
2 3 of the average [IBRd ]. At that point it got
too complicated for some students and the
decision was postponed. In the next class
Helena proposed to multiply 33 1 3 by 2 3 and
again by 2 3 [IBRd]. However, Ulfert disagreed, because starting like that one could
multiply it again by 2 3 . Others agreed with
him that this process could be continued.
They tried and realized that the numbers
became smaller and smaller. A lot of students
gave up at that point, thinking that this way a
solution could not be found. Others believed to
have found the path of the solution: one just
had to submit a very small number [IBRd].
However, they could not agree about how
many of the people participating would become aware of this process. Johanna supposed that the people who read this
newspaper were quite sophisticated. At the
end of the class, seven to eight students
heatedly continued to discuss the problem.
The next day I received the following message: ‘[ ... ] we think it is best to submit the
number 0.0228623’ ” [we classify this comment as Level-` IBRd plus trembling].
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