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Abstract: The weight assigned to public information in Keynesian beauty contests
depends on both the precision of signals and the degree of strategic complemen-
tarities. This experimental study shows that the response of subjects to changes in
signal precision and the degree of strategic complementarities is qualitatively
consistent with theoretical predictions, though quantitatively weaker. The weaker
response of subjects to changes in the precision of signals, however, mainly drives
the weight observed in the experiment, qualifying the role of strategic comple-
mentarities and overreaction in experimental beauty contests.
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1 Introduction

In coordination games under heterogeneous information, public information plays
a double role. While public information conveys information about economic
fundamentals, it also conveys strategic information because it constitutes common
knowledge among all market participants. Fundamental uncertainty is driven by
the precision of signals, strategic uncertainty by the degree of strategic comple-
mentarities. The weight assigned to public information in equilibrium, thus,
depends on both the precision of signals and the degree of strategic complemen-
tarities. As shown by Morris and Shin (2002), the coordination motive leads agents
to overreact to public information in the sense that the equilibrium weight
assigned to it is larger than can be justified by its information about fundamentals.
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Several studies have identified the occurrence of overreaction in laboratory
experiments." For instance, the experimental analysis by Cornand and
Heinemann (2014) measures subjects’ overreaction to public information when
varying the degree of strategic complementarities. However, while the role of the
precision of the public signal is as essential as strategic complementarities for
the determination of equilibrium weight, it has hardly been studied. This paper
fills this gap.

We run an experiment built on the beauty contest game of Morris and Shin
(2002). In this game, agents have to choose actions that are as close as possible
both to a fundamental and to the actions of others. To decide on their actions,
agents receive both a public signal and a private signal about the fundamental.
The equilibrium weight assigned to public information increases with both its
precision and the degree of strategic complementarities. We test predictions of
this beauty contest game when varying the precision of public information and
the degree of strategic complementarities.

In line with theory, the weight assigned to public information increases with
its precision both in the first-order expectation of the fundamental and in the
beauty contest action. However, the effect of precision is weaker than theoreti-
cally predicted: subjects underweight precise public signals and overweight
imprecise public signals both in the first-order expectation of the fundamental
and in the beauty contest action.

The experiment also exhibits overreaction in the sense of Morris and Shin
(2002), but only when the weight assigned to the public signal in the beauty
contest is compared to the weight in the first-order expectation observed in the
experiment. The overreaction in the beauty contest is nevertheless weaker than
theoretically predicted and can be explained with limited levels of reasoning,
which is consistent with Nagel (1995) or Cornand and Heinemann (2014).

By contrast, comparing the weight in the experimental beauty contest with
the theoretical weight in the first-order expectation does not systematically show
overreaction, because the underweighting of precise public information in the
first-order expectation may dominate the overreaction due to strategic comple-
mentarities, such that the weight observed in the beauty contest is lower than
the theoretical weight in the first-order expectation. Respectively, because sub-
jects overweight imprecise public information, the weight assigned to it both in
the first-order expectation and in the beauty contest action is higher than the
theoretical weight in the beauty contest action. This suggests that the issue of
overweighting/underweighting imprecise/precise information matters more than

1 Cornand (2006) is the first to show experimental overreaction to public signals even though in
a different speculative attack game.
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overreaction to public information. Fundamental uncertainty may dominate
strategic uncertainty in the beauty contest.

This paper contributes to a growing experimental literature related to the
effects of public vs. private information in games with strategic complementa-
rities.? Cornand (2006) and Cornand and Heinemann (2014) render account for
overreaction to public signals. Baeriswyl and Cornand (2014) test the effective-
ness of two communication strategies — partial publicity consisting of the dis-
closure of transparent information as a semi-public signal to a fraction of market
participants only and partial transparency consisting of the disclosure of ambig-
uous public information to all market participants — to reduce market over-
reaction. Shapiro, Shi, and Zillante (2014) show that the predictive power of the
level-k reasoning approach is related to the strength of the coordination motive
and the symmetry of information. None of these papers focuses on the role of
information precision. To our knowledge, in the beauty contest game proposed
by Morris and Shin (2002), Dale and Morgan (2012) are the first to analyze what
impact the precision of the signals has. They show that subjects place an
inefficiently high weight on a public signal of low accuracy, which is in line
with our results. However, they do not elicit beliefs on the fundamental, so that
they cannot disentangle the specific effect of precision on the first-order expec-
tation and the beauty contest.?

The rest of the paper is structured as follows. Section 2 presents the theore-
tical framework and Section 3 the experiment. Results are stated in Section 4.
Section 5 discusses the results in terms of policy implications and concludes.

2 The Theoretical Model

The spirit of the Keynesian beauty contest is characterized by strategic comple-
mentarities in agents’ decision rules: each agent takes its decision not only

2 Among coordination games with heterogeneous information, the theory of global games has
been experimentally tested by Cabrales, Nagel, and Armenter (2007) who show that the
behavior of subjects converges to the theoretical prediction and explain this behavior by
learning and risk dominance. Heinemann, Nagel, and Ockenfels (2004), and Heinemann,
Nagel, and Ockenfels (2009) analyze the role of public and private information in the spec-
ulative attack game. They show that the global game equilibrium selection device is useful to
predict behavior. Here, we focus on tests of the Morris and Shin (2002) model.

3 While the aforementioned literature does not consider trading, there is some experimental
evidence about the role of public and private signals on market efficiency when aggregating
private information into prices (see e.g. Ackert, Church, and Gillette (2004), Alfarano, Morone,
and Camacho (2011) and Middeldorp and Rosenkranz (2011)).
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according to its expectation of economic fundamentals but also according to its
expectation of other agents’ decisions. The utility function for agent i is given by:

ui(a;, 0)= - (1-1)(a; - 0)° - r(ai—a_;)’,

where 6 is the fundamental, g; is the action taken by agent i, a_; is the average
action taken by other agents -1i, and r is a constant. Maximizing utility yields
the optimal action of agent i:

ai=(1-rEi(0) +rEi(a-;).

The parameter r is the weight assigned to the strategic component which drives
the strength of the coordination motive in the decision rule. Assuming O<r<1
implies that decisions are strategic complements: agents tend to align their
decisions with those of others.* Following the insight of Morris and Shin
(2002) (henceforth MS), the optimal action in the Keynesian beauty contest is
derived under imperfect, heterogenous information.

2.1 Information Structure

Each agent i receives a private signal x; and a public signal y. These signals
deviate from the fundamental 6 by some error terms with uniform distribution.
Whereas the private signal x;=0+¢; with &~ U[-p, + 4] is different for each
agent i, the public signal y =6 +n with n~ U[ -, + ] is the same for all agents
and is common knowledge among them. Noise terms ¢; of distinct agents and
the noise n of the public signal are independent and their distribution is treated
as exogenously given.

2.2 Equilibrium

To derive the perfect Bayesian equilibrium action of agents, we substitute
successively the expected average action of other participants with higher-
order expectations about the fundamental:

4 Such an optimal decision rule could be derived from various economic contexts. For exam-
ple, Amato, Morris, and Shin (2002), Hellwig and Veldkamp (2009), and Baeriswyl and Cornand
(2010) interpret the beauty contest as the price-setting rule of monopolistically competitive
firms; Angeletos and Pavan (2004) as the investment decision rule of competing firms.
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ai=]Ei[(1—r)6+ ra_i]
=Ei[1-n0+r[E_i[(1-nN0+r[E_;[(1-r)0+ .. ]]]]]
= (1-n) Y B ([E0)]. i
k=0

where k is the degree of higher-order iteration, and E_;(.) = |, Ei(.)d( -1) is the
average expectation operator of other agents. We use the following notation of
higher-order expectations: E°,(x)=x, E',(x)=E_;(x), E*;(x)=E_;E_;(x), and
SO on.

With error terms uniformly distributed, the first-order expectation of agent i
with regard to the fundamental 6 conditional on his private and public informa-
tion corresponds to the middle of the intersection of the intervals [x; — u,, x; + i,
and [y -,y +u,], and yields

max{x; —u.;y — + min{x; + w.;y +
E(Blxi,y) = {xi - pesy un}z X+ pesy + py t

=(1-f) - xi+fi-y. 2]

The weight assigned to the public signal y in the first-order expectation, f;,
is dependent on the signal draw.

As derived in Appendix A, the average first-order expectation of other
agents with regard to the fundamental 6 is written as

E_i(6)=(1-f) - x_i+f -y,

where f represents the average weight assigned to y by other agents, where each
agent estimates 6 according to (2), and x_;= |_,;x_;d(-1).
Using E;(x_;) = Ei(0), the second and higher-order expectations yield

EBE_(0)=(1-A-f)-x+1-1-F)A-£)) - Vs
EE(0)=1-H)*A-f) x + (1— (l—f)"(l—ﬁ)) Ys

and plugging higher-order expectations of the fundamental into (1), the indivi-
dual action becomes

- -0 [a-pra-f)xe (1-0-DFa-) ]

k=0
_(=n(-f)  (Q-nfiof
N

1-w; Wi
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The expected average action is

The overreaction in the sense of MS is characterized by the fact that the weight
assigned to the public signal y in the optimal action is larger than in the first-
order expectation: w=f/(1-r(1-f))>f.

3 The Experiment

To analyze the role of the precision of signals in the coordination game, we run
an experiment with three treatments, each corresponding to a different degree of
relative precision of the private and public signals.

3.1 Experimental Procedure

We conducted 6 sessions with a total of 108 participants. Sessions were run at
the GATE lab in Lyon, France. Participants were mainly students from Lyon
University, the engineering school, Ecole Centrale Lyon, and EM Lyon business
school. In each session, the 18 participants were separated into three indepen-
dent groups of 6 participants each. Each participant could only take part in one
session. Each session consisted of three stages, composed of 10 periods each
(thus a total of 30 periods per session). Each stage corresponded to a different
treatment. Participants played within the same group throughout the whole
length of the experiment and did not know the identity of the other participants
in their group. Subjects were seated at PCs in a random order. Instructions were
then read aloud and questions answered in private. Throughout the sessions,
participants were not allowed to communicate with one another and could not
see each others’ screens. Before starting the experiment, participants were
required to answer a few questions to ascertain their understanding of the
rules. The experiment started after all participants had given the correct answers
to these questions. Examples of instructions, questionnaire and screens are
given in Appendices B, C, and D.

The program was written using z-Tree experimental software (Fischbacher
(2007)) and participants were recruited via ORSEE.
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3.2 Treatment Parameters and Theoretical Predictions

In every period and for each group, a fundamental state 8 is drawn randomly

using a uniform distribution from the interval [50, 950].” In every period of the

experiment, each subject has to make two decisions:

1. Each subject forms his best expectation e; about the fundamental 6 (decision
1). The payoff function in ECU (experimental currency units) for subject i
related to his estimation is given by

u(e;, 6) =200 — (e; - )%

2. Each subject decides on an action a; in the beauty contest (decision 2). The
payoff function in ECU for subject i is given by

u(aj, a_;, 0) =400 -1.5(a; - 6)> - 8.5(a;—a_;)?,

in sessions 1 to 4 and by
u(aj, a-i,0) =350~ (a; - 0)* - (@i -a-;)’,

in sessions 5 and 6, where a _; is the average action of other subjects of the
same group.

To make their decisions, subjects receive two signals on the fundamental 6 and
are forced to choose a weighted average of the signals they get as their decisions.®

After each period, subjects were informed about the true state, their partner’s
decision and their payoff. Information about past periods from the same stage
(including signals and their own decisions) was displayed during the decision
phase on the lower part of the screen. At the end of each session, the ECU earned
were summed up and converted into euros. 1000 ECU were converted to 2 euros.’

The choice of parameters for the experiment is summarized in Table 1.
Column tf shows the average optimal weight assigned to the public signal in
decision 1 (the first-order expectation of the fundamental 6, as derived in
Appendix A) and column tw shows the average optimal equilibrium weight in
decision 2 (the beauty contest).

5 As in Baeriswyl and Cornand (2014), participants were not told about this interval to avoid the
skewness of the posterior distribution.

6 To be specific, subjects click on values inside the interval defined by their signals to
determine their chosen action. In this way, we restrain subjects from choosing actions outside
their signals interval.

7 In all stages, it was possible to earn negative points. Realized losses were of a size that could
be counterbalanced by positive payoffs within a few periods. In total, no subject earned a
negative payoff in any session.
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Table 1: Experiment parameters, average optimal weight on y in decisions 1 (ff) and 2 (tw).

Sessions Groups Players Stage Periods r U Uy tf tw
1-2 1-6 6 1 10 0.85 10 10 0.50 0.87
2 10 0.85 10 5 0.91 0.98
3 10 0.85 10 20 0.09 0.39
3-4 7-12 6 1 10 0.85 10 10 0.50 0.87
2 10 0.85 10 20 0.09 0.39
3 10 0.85 10 5 0.91 0.98
5-6 13-18 6 1 10 0.5 10 10 0.50 0.67
2 10 0.5 10 5 0.91 0.95
3 10 0.5 10 20 0.09 0.16

Each subject receives both a public and a private signal as described in Section
2.1. The private signal received by each subject is distributed as
x; ~ U[0-10, 0+10]. The distribution of the public signal differs, depending on
the treatment. As reported in Table 1, the order of play is different in sessions 1,
2, 5, and 6 from that in sessions 3 and 4. In sessions 1, 2, 5, and 6, the public
signal is drawn from y ~ U[f -5, 8+ 5] in stage 2 and from y ~ U[#-20, 6 +20] in
stage 3. In sessions 3 and 4, the public signal is drawn from y € [0 -20, 6 +20] in
stage 2 and from y ~ U[6-5, 0+ 5] in stage 3.

4 The Results

The observed average weight assigned in the experiment to the public signal in
decision 1 (of) is reported in Table 2, while the observed average weight assigned
to the public signal in decision 2 (ow) is reported in Table 3.2 tf.onq and tWeona
denote the theoretical weight conditional on the realization of signals in the
experiment. Respectively, tfincona and twyncong denote the theoretical weight
unconditional on the realization of signals. Figure 1 compares the observed
average weight assigned to the public signal in decisions 1 (of) and 2 (ow) to
their theoretical unconditional value for each treatment over 10 periods.’

8 Appendix E presents results for the decisions in the first period for each group. Considering
only first period data is a way to tackle learning issues. However, as shown in Appendix E and
as depicted in Figures 1 and 2, there do not seem to be any convergence effects (as is standard
in laboratory experiments on games with strategic complementarities).

9 Similarly, Figure 2 in Appendix F compares the observed average weight assigned to the
public signal in decision 1 (of) to the observed average weight in decision 2 (ow), and the
observed average weight in decision 2 with r=0.85 to that with r=0.5. As an alternative
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Table 2: Average weight on y in the expectation of the fundamental (decision 1).

Sessions Groups w, =10 ;=5 u, =20
Of tf cond Of tf cond Of tf cond
1 1 0.54 0.50 0.77 0.90 0.33 0.12
1 2 0.46 0.50 0.65 0.89 0.31 0.09
1 3 0.48 0.50 0.76 0.89 0.30 0.11
2 4 0.48 0.50 0.70 0.90 0.41 0.07
2 5 0.53 0.50 0.73 0.89 0.44 0.07
2 6 0.53 0.50 0.71 0.87 0.30 0.07
3 7 0.52 0.50 0.64 0.89 0.43 0.09
3 8 0.51 0.50 0.81 0.90 0.35 0.18
3 9 0.51 0.50 0.71 0.90 0.36 0.08
4 10 0.45 0.50 0.83 0.90 0.32 0.12
4 11 0.51 0.50 0.79 0.90 0.36 0.08
4 12 0.51 0.50 0.81 0.89 0.37 0.14
5 13 0.52 0.50 0.77 0.91 0.34 0.11
5 14 0.54 0.50 0.72 0.90 0.37 0.08
5 15 0.56 0.50 0.59 0.91 0.39 0.12
6 16 0.49 0.50 0.78 0.89 0.41 0.11
6 17 0.48 0.50 0.61 0.91 0.32 0.08
6 18 0.50 0.50 0.62 0.88 0.40 0.10
Average 1-18 0.51 0.50 0.72 0.90 0.36 0.10
tfuncond 13-18 0.50 0.91 0.09

First, we analyze the weight on the public signal in the stated first-order
expectation. We then compare weights in the first-order expectation to that in
the beauty contest to measure overreaction, and discuss the effect of informa-
tion precision and of the degree of strategic complementarities on the beauty
contest. Statistical tests are based on Wilcoxon rank sum tests when comparing
observed data to theoretical predictions and on Wilcoxon matched-pairs signed-
rank tests for between treatment tests. The fact that we cannot detect order
effects'® allows us to pool together data from groups 1 to 12 for the remaining
analysis.

presentation of data, Appendix G depicts the relative frequency of weights assigned to the
public signal in decisions 1 and 2.

10 The observed weight assigned to the public signal by groups 1-6 in decision 1 and decision 2
is not different from that assigned by groups 7-12 when p, =10 (p=0.686 and p=0.873), when
My =5 (p=0.148 and p=0.747) and when p, =20 (p=0.296 and p=0.127).
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Table 3: Average weight on y in the beauty contest (decision 2).

Sessions Groups u, =10 Uy =5 1, =20
ow twcond ow twcand ow twcond
1 1 0.73 0.87 0.82 0.98 0.53 0.42
1 2 0.70 0.87 0.83 0.98 0.61 0.40
1 3 0.88 0.87 0.96 0.98 0.67 0.41
2 4 0.63 0.87 0.81 0.98 0.58 0.38
2 5 0.81 0.87 0.96 0.98 0.80 0.38
2 6 0.80 0.87 0.87 0.98 0.78 0.38
3 7 0.70 0.87 0.73 0.98 0.61 0.40
3 8 0.82 0.87 0.86 0.98 0.58 0.46
3 9 0.76 0.87 0.84 0.98 0.70 0.39
4 10 0.74 0.87 0.91 0.98 0.48 0.42
4 11 0.78 0.87 0.86 0.98 0.51 0.39
4 12 0.65 0.87 0.83 0.98 0.45 0.43
Average 1-12 0.75 0.87 0.86 0.98 0.61 0.41
Wuncond 1-12 0.87 0.99 0.39
5 13 0.67 0.67 0.79 0.95 0.44 0.18
5 14 0.72 0.67 0.81 0.95 0.50 0.15
5 15 0.58 0.67 0.66 0.95 0.43 0.19
6 16 0.65 0.67 0.76 0.94 0.45 0.18
6 17 0.67 0.67 0.72 0.95 0.50 0.16
6 18 0.70 0.67 0.75 0.94 0.55 0.17
Average 13-18 0.66 0.67 0.75 0.95 0.48 0.17
Woncond 13-18 0.67 0.95 0.16

4.1 Effect of Information Precision on the First-Order
Expectation

We analyze the formation of the first-order expectation where beliefs are stated
directly in decision 1, the first-order expectation of the fundamental. We compare
the observed weight (of) in each treatment to its theoretical prediction (tfong in
Table 2) before analyzing the impact of the precision of the public signal.

4.1.1 Observed vs. Theoretical First-Order Expectation
The weight of that subjects give to the public signal does not significantly differ

from the theoretical prediction when both public and private signals have the
same precision, i.e. when y, =10 (p=0.127). By contrast, when the public signal
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Figure 1: Average weight assigned to the public signal in decision 1 f (first-order expectation)
and in decision 2 w (beauty contest).

and the private signal are not of equal precision, the observed weight significantly
differs from theoretical predictions, although subjects tend to give a higher weight
to the signal that is more precise. The effect of the precision of the public signal is
less pronounced in the first-order expectation than theoretically predicted. This is
consistent with the findings of Ackert, Church, and Gillette (2004)."

The observed weight assigned to the public signal of is significantly below
its theoretical value in treatment y, =5 (p=0.000) and significantly above its
theoretical value in treatment y, =20 (p=0.000). Nevertheless, the weight of
given to the public signal increases with its precision: we can reject the equality
of weights between treatments y, =10 and y, =5 (p =0.000), between treatments
M, =10 and p, =20 (p=0.000), and between treatments p,=5 and u,=20
(p=0.000).

11 Ackert, Church, and Gillette (2004), however, analyze an experimental financial market with
trading and do not account for overreaction issues due to strategic complementarities, which
are typical in beauty contest games.
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4.1.2 Asymmetric Effect of Information Precision

The theoretical weights assigned to the public signal in the treatments
My =5 (0.91) and My =20 (0.09) are symmetrically spread around the weight in
treatment p, =10 (0.5), as reported in Table 2. However, subjects do not respond
symmetrically to an increase or a decrease in the precision of the public signal in
forming their expectation about the fundamental. The difference between treat-
ments p, =10 and p, =5 is significantly larger in absolute value than the differ-
ence between treatments p, =10 and p,=20. Subjects tend to increase the
weight given to the public signal to a greater extent when it is more precise
than they reduce the weight when the public signal is less precise.

Table 4 (columns 2 and 3) computes the ratios of the difference between the
observed weights in two treatments (ofyqzlo - ofyn: 5, for instance) to the differ-
ence between the theoretical weights in the same treatments (tf), , =10 ~ tfyn: 5). A
positive ratio means that the weight increases with the precision of the public
signal. A ratio lower than 1 indicates that the effect of increasing or decreasing
the precision of the public signal is weaker than predicted by theory. Ratios for
the treatments p, =5 vs. p, =10 are significantly larger than for the treatments

Table 4: Differences between observed weight for treatments y, =10 and yx, =5 and for
treatments y, =10 and x, =20 normalized by their respective theoretical values tf and tw.

Gr. of 10 — of (5) 0f (10) — f 9, oW (19) — OW 5 OW (19) — OW 39 oW (19) — OW 5 OW (50 — OW 20
o)~ tf5) o)~ 20) Wiso) ~tW5) W) ~ Wz Wlof 15, = Wlo 5, Wlof i)~ Wlor 0
1 0.58 0.55 0.80 0.45 1.26 1.66
2 0.49 0.37 1.10 0.19 1.67 0.87
3 0.71 0.47 0.73 0.44 0.87 1.65
4 0.53 0.17 1.59 0.10 2.37 1.22
5 0.52 0.21 1.33 0.02 2.28 0.19
6 0.47 0.54 0.70 0.03 1.32 0.11
7 0.30 0.22 0.30 0.19 0.78 2.03
8 0.73 0.50 0.32 0.57 0.41 2.58
9 0.48 0.37 0.68 0.13 1.19 0.75
10 0.95 0.36 1.50 0.59 1.38 2.88
11 0.70 0.36 0.69 0.57 0.88 3.16
12 0.76 0.38 1.54 0.45 1.90 2.64
13 0.62 0.44 0.40 0.47 0.61 1.36
14 0.46 0.40 0.32 0.43 0.65 1.35
15 0.08 0.43 0.30 0.30 3.14 0.95
16 0.73 0.21 0.39 0.41 0.50 2.55
17 0.33 0.38 0.19 0.32 0.47 1.01
18 0.32 0.27 0.20 0.31 0.54 1.48
Av. 0.54 0.37 0.73 0.33 1.24 1.58
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M, =20 vs. p, =10 (p=0.6312), meaning that subjects underweight the public
signal less when it is more precise than they overweight it when it is less precise
than the private signal.'?

Result 1 - When subjects form expectations of some fundamental value,
they place more weight on more precise signals. The effect of precision is,
however, less pronounced than theoretically predicted. Moreover, subjects
underweight precise public information less than they overweight impre-
cise public information.

4.2 Overreaction

Following the literature in the vein of Morris and Shin (2002), overreaction
consists in the fact that the equilibrium weight assigned to the public signal in
the beauty contest (w) is larger than in the first-order expectation of the funda-
mental (f). In an experiment, overreaction can be assessed against either the
theoretical weight or the observed weight assigned to the public signal in the
first-order expectation. First, we discuss overreaction in observed weight ow
against the theoretical weight tw and then against the observed weight of. We
show that systematic overreaction is obtained only against the observed weight
of in the first-order expectation and not against the theoretical weight tf in the
first-order expectation. Second, we relate this observation to a model of cogni-
tive hierarchy. Overreaction is typically weaker than predicted and can be
related to limited levels of reasoning only if level-1 is the observed (subjective)
first-order expectation and not the theoretical first-order expectation.

4.2.1 Overreaction to Theoretical vs. Observed Weight in the First-Order
Expectation

The observed weight assigned to the public signal in the beauty contest is
significantly higher than the theoretical weight in the first-order expectation of
the fundamental in treatments u, =10 (p=0.000 for groups 1-12, p=0.001 for
groups 13-18) and y, =20 (p =0.000 for groups 1-12, p = 0.003 for groups 13-18).
By contrast, subjects underreact in treatment p, =5, in the sense that the weight
placed on y in the beauty contest is systematically below the theoretical weight

12 In Appendix H, we show that payoff incentives cannot render account for the fact that the
difference between the observed weight of and the theoretical weight tf is larger in treatment
M, =20 than in treatment p, =5.
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in the first-order expectation of the fundamental (p=0.041 for groups 1-12,
p=0.005 for groups 13-18). In short, subjects overreact to a public signal
when it is as precise as or less precise than the private signal, while they
underreact to it when it is more precise.

However, compared to the observed weight in the first-order expectation,
there is overreaction for each level of precision. The observed weight in the beauty
contest ow is significantly higher than the observed weight in the first-order
expectation of in treatment y, =10 (p=0.003 for groups 1-12, p = 0.036 for groups
13-18), in treatment p, =5 (p =0.003 for groups 1-12, p=0.074 for groups 13-18),
and in treatment , =20 (p=0.003 for groups 1-12, p=0.036 for groups 13-18).

4.2.2 Limited Levels of Reasoning Analysis

Can limited levels of reasoning explain observed overreaction? Starting from the
definition of level-1, actions for higher levels of reasoning can be calculated as
follows."” Suppose that the players i (all players except i) attach weight p, to
the public signal. The best response of player i to such behavior is

af ! = (1-1p ) Ei(6) + oy
= (1-mp)[(1-fi)xi +fiy] + oy
=xi[(1-rp)(1=f)] +y [(A=1py )fi + 1Dy ] -
—_
Pr+1

Hence the weight on the public signal for the next level of reasoning is

Pr+1 :ﬂ +pkr(1 _fl)

While level-1 reasoning corresponds to the first-order expectation of the funda-
mental, the infinite level of reasoning corresponds to the equilibrium action in
the beauty contest.

First, we compare the observed weight in the beauty contest (ow) to the
theoretical weight in the first-order expectation (tf). Table 5 presents the
theoretical weights for limited levels of reasoning when level-1 is the theore-
tical weight in the first-order expectation. In treatment p, =10, the observed

13 Nagel (1995) and Stahl and Wilson (1994) define level-0 action as randomly chosen action from
a uniform distribution over all possibilities. Following Cornand and Heinemann (2014), if the
others’ action has a uniform distribution on the reals, any action is a best reply with an infinite
expected loss related to the coordination motive. However, expected losses resulting from devia-
tions from the fundamental are minimized by choosing the expected state. Hence, we define the
best response to a uniform distribution over all reals as the expectation of the fundamental.
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Table 5: Theoretical values of weights put on y for different levels of reasoning and starting with
level-1 as the theoretical weight on y in the first-order expectation of the fundamental.

Treatment uy=5 u, =10 u, =20
Groups 1-12 13-18 1-12 13-18 1-12 13-18
Theoretical 0.91 0.91 0.50 0.50 0.09 0.09
level-1 (0.043) (0.005) (0.000) (0.005) (0.000) (0.005)
rejected rejected rejected rejected rejected rejected
Level-2 0.98 0.95 0.71 0.62 0.16 0.13
(p-value) (0.000) (0.005) (0.139) (0.040) (0.000) (0.005)
rejected rejected accepted rejected rejected rejected
Level-3 0.98 0.95 0.80 0.66 0.21 0.15
(p-value) (0.000) (0.005) (0.026) (0.305) (0.000) (0.005)
rejected rejected rejected accepted rejected rejected
Level-4 0.98 0.95 0.84 0.66 0.25 0.16
(p-value) (0.000) (0.005) (0.000) (0.305) (0.000) (0.005)
rejected rejected rejected accepted rejected rejected
Level-5 0.98 0.95 0.86 0.67 0.29 0.16
(p-value) (0.000) (0.005) (0.000) (0.305) (0.000) (0.005)
rejected rejected rejected accepted rejected rejected
Level-6 0.98 0.95 0.86 0.67 0.31 0.16
(p-value) (0.000) (0.005) (0.000) (0.305) (0.000) (0.005)
rejected rejected rejected accepted rejected rejected
Level-oo 0.98 0.95 0.87 0.67 0.39 0.16
(p-value) (0.000) (0.005) (0.000) (0.305) (0.000) (0.005)
rejected rejected rejected accepted rejected rejected
Obs. weight 0.86 0.75 0.75 0.66 0.61 0.48

weight is not significantly different from level-2 reasoning when r=0.85, and
from level-3 to level-co when r=0.5. The level-2 reasoning observed when
r=0.85 is consistent with the result of Nagel (1995), Baeriswyl and Cornand
(2014), and Cornand and Heinemann (2014). In treatment My =5, the observed
weight does not correspond to any level of reasoning because it is lower than
the theoretical weight in level-1 reasoning. In treatment M, =20, the observed
weight does not correspond to any level of reasoning because it is higher than
the theoretical weight in level-co reasoning. So limited levels of reasoning
cannot explain observed decision 2 if level-1 is the theoretical first-order
expectation.

Second, we compare the observed weight in the beauty contest (ow) to the
observed weight in the first-order expectation (of). Table 6 presents the values
for limited levels of reasoning when level-1 is defined as the observed weight of
rather than the theoretical weight tf. Limited levels of reasoning can explain the
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Table 6: Theoretical values of weights put on y for different levels of reasoning and starting with
level-1 as the observed weight on y in decision 1.

Treatment 1, =5 u, =10 ;=20
Groups 1-12 13-18 1-12 13-18 1-12 13-18
Observed 0.74 0.68 0.50 0.51 0.36 0.37
level-1 (0.001) (0.066) (0.000) (0.005) (0.000) (0.005)
rejected accepted rejected rejected rejected rejected
Level-2 0.90 0.79 0.71 0.63 0.56 0.49
(p-value) (0.040) (0.174) (0.174) (0.066) (0.174) (0.936)
rejected accepted accepted accepted accepted accepted
Level-3 0.94 0.81 0.80 0.66 0.66 0.52
(p-value) (0.006) (0.020) (0.040) 0.379) (0.174) (0.066)
rejected rejected rejected accepted accepted accepted
Level-4 0.95 0.81 0.84 0.67 0.72 0.53
(p-value) (0.006) (0.020) (0.001) (0.936) (0.006) (0.066)
rejected rejected rejected accepted rejected accepted
Level-5 0.95 0.81 0.86 0.67 0.75 0.54
(p-value) (0.006) (0.020) (0.001) (0.936) (0.006) (0.020)
rejected rejected rejected accepted rejected rejected
Level-6 0.95 0.81 0.86 0.67 0.77 0.54
(p-value) (0.006) (0.020) (0.001) (0.936) (0.006) (0.020)
rejected rejected rejected accepted rejected rejected
Level-oo 0.95 0.81 0.87 0.67 0.79 0.54
(p-value) (0.006) (0.020) (0.001) (0.936) (0.001) (0.020)
rejected rejected rejected accepted rejected rejected
Obs. weight 0.86 0.75 0.75 0.66 0.61 0.48

experimental beauty contest if level-1 is the observed, rather than theoretical,
first-order expectation. The overreaction is not as strong as predicted by the
infinite level of reasoning, except for u, =10 groups 13-18 where equality cannot
be rejected (see also Figure 1). Subjects generally reach a level of reasoning
between 1 and 4, depending on the treatment. While Cornand and Heinemann
(2014) only consider the case where both signals have the same precision, so
that subjective first-order expectations are unbiased, our result suggests that
limited level of reasoning should apply to the subjective, rather than theoretical,
first-order expectations.'

14 Shapiro, Shi, and Zillante (2014) also relate levels of reasoning to the symmetry of informa-
tion: they show that the predictive power of level-k models deteriorates when private instead of
public information is disclosed. While we could have expected that more precise public
information is close to uniquely disclosing public information and more precise private
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Result 2 - Compared to the theoretical weight, there is no systematic
overreaction because the overweighting or underweighting on the public
signal in the observed first-order expectation may dominate the overreac-
tion to observed first-order expectation. Compared to the weight observed
in the first-order expectation, subjects overreact to public information in
the beauty contest decision. The overreaction to the observed first-order
expectation is, however, weaker than theoretically predicted.

In the beauty contest game, subjects attribute a weight to the public signal that
takes strategic complementarities into account. Hence, they choose actions that
deviate from their stated first-order expectations towards the public signal.
However, this deviation is smaller than predicted by equilibrium theory and
can be better explained by limited levels of reasoning.

When the public signal is less precise than the private signal, subjects’
overweighting on the public signal in stating first-order expectations may com-
pensate the weaker overreaction due to strategic complementarities, so that the
observed weight in the beauty contest exceeds the theoretical one. As explained
above, Cornand and Heinemann (2014) already showed that subjects’ overreac-
tion is not as strong as equilibrium theory predicts and that limited levels of
reasoning may better explain observed weights in a beauty contest with equally
precise private and public signals. The authors concluded that transparency
cannot have negative welfare effects, because level-2 reasoning starting from
the theoretical first-order expectations leads to weights such that transparency
cannot be harmful. In the present paper, we emphasize that one needs to apply
limited levels of reasoning starting from subjective (possibly biased) first-order
expectations. The biased first-order expectation may thus drive the weight in the
beauty contest. Such a result re-establishes the concerns against transparency
when public information is of poor quality.

4.3 Effect of Information Precision on the Beauty Contest

We compare the observed weight in the beauty contest (ow) in each treatment to
its theoretical prediction (tw) and analyze the impact of a change in the preci-
sion of the public signal.

information is close to uniquely disclosing private information, in our study the fact that
subjects receive both types of signals does not seem to affect the predictive power of limited
levels of reasoning as stated on Table 6.
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4.3.1 Observed vs. Theoretical Beauty Contest

As in the first-order expectation, the precision of the public signal has a clear
effect on the weight assigned to it in the beauty contest. The weight assigned to
the public signal increases with its precision. The observed weight assigned to
the public signal by groups 1-12 (respectively 13-18) in treatment M, =10 is
significantly below the observed weight in treatment y, =5 (p=0.002, respec-
tively p = 0.036) and significantly above the observed weight in treatment M, =20
(p=0.002, respectively p=0.036).

However, the effect of the precision of the public signal is less pronounced
in the beauty contest than theoretically predicted. This can be illustrated with
the ratio of the difference between the observed weights in two treatments
(owy, -10 — 0wy, s, for instance) to the difference between the theoretical weights
in the same treatments (twyn:m - tw,,nzs), as shown on Table 4 (columns 4 and
5). A positive ratio means that the weight increases with the precision of the
public signal. A ratio lower than 1 indicates that the effect of increasing or
decreasing the precision of the public signal is weaker than predicted by theory.
This result is consistent with Dale and Morgan (2012) who find that subjects
overreact more to less precise public signals.”” They attribute this stronger
overreaction to an “endpoint aversion” effect: subjects seem to dislike endpoints
or near endpoints from choice sets. In our experiment, however, subjects often
play extreme values of the interval set, as can be seen in Appendix G.

4.3.2 Asymmetric Effect of Information Precision

As in the first-order expectation, subjects respond asymmetrically to an increase
in the precision of the public signal and to a decrease in the precision of the
public signal in their beauty contest decision (ow).!® Ratios for the treatments
M, =10 vs. p, =5 in column 4 of Table 4 are significantly larger than for the
treatments y, =10 vs. y, =20 in column 5 (p=0.0164), indicating that subjects
underweight the public signal less when it is more precise than they overweight
it when it is less precise than the private signal."”

15 Note that Dale and Morgan (2012) do not elicit beliefs directly.

16 Asymmetric effect of changes in the precision of public signals cannot be addressed in Dale
and Morgan (2012) as they do not consider the case where the public signal is more precise than
the private one.

17 Appendix H shows that payoff incentives cannot be responsible for the fact that the
difference between the observed weight ow and the theoretical weight tw is larger in treatment
M, =20 than in treatment p, =5.
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When we account for the asymmetric effect of information precision
observed in the first-order expectation (as stated in Result 1), there is no
asymmetry in the way the precision influences the weight in the beauty contest
ow. This is shown by computing the ratio of the difference between the observed
weights in two treatments (owyflo - oWy, -5, for instance) to the difference
between the theoretical weight conditional on the observed first-order expecta-
tion (tw|ofy,=10 — tw|ofy,=5), as done in Table 4 (columns 6 and 7). Ratios compar-
ing treatments OW), -10 VS. OWy, -5 are not significantly different from those
comparing treatment ow,, _10 VS. OW), -20 (p=0.338). This corroborates the ana-
lysis of Section 4.2.2, which shows that limited levels of reasoning explain the
behavior in the beauty contest for all precision levels of the public signal when
applied to the observed first-order expectation of the fundamental.

Result 3 - The weight on the public signal in the beauty contest increases
with its precision. The effect of precision is, however, less pronounced
than theoretically predicted. Once accounting for the asymmetry in the
observed weight given to the public signal in the first-order expectation,
there is no asymmetric response in the weight given to the public signal in
the beauty contest decision.

4.4 Effect of the Degree of Strategic Complementarities

In line with theory and with the findings of Cornand and Heinemann (2014), the
reaction to public information is reinforced with a stronger degree of strategic
complementarities. As can be seen on Figure 2 (panel 3), a change in r has a significant
effect in the beauty contest: the observed weight assigned to the public signal for
groups 1-6 is significantly greater than that observed for groups 13-18 for treatments
My =5, H, =10 and p, =20 (p=0.077, p=0.006 and p = 0.008, respectively).

Result 4 - In line with theory, as the degree of strategic complementarities
increases, the weight given to the public signal in the beauty contest
decision increases.

5 Discussion and Conclusion
In the Keynesian beauty contest, the equilibrium response to public disclosure

depends on both the precision of signals and the degree of strategic comple-
mentarities. While economic writing has mainly focused on the role of strategic
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complementarities, this paper emphasizes the relevance of signal precision to
subjects’ behavior in experimental beauty contests. Theoretical analysis shows
that strategic complementarities induce agents to overreact to public informa-
tion, calling into question the desirability of disclosing public information,
especially when it is not very accurate. Experimental studies have confirmed
the theoretical prediction, although the observed overreaction to public informa-
tion is typically weaker than theoretically predicted.

Focusing on fundamental uncertainty, our experiment shows that the
response to public information is mainly driven by the signal precision, rather
than by strategic complementarities. This indicates that the response may devi-
ate from the social optimum not solely because of the overreaction due to
strategic complementarities, but also because subjects tend to overweight impre-
cise information and underweight precise information in their first-order expec-
tation of the fundamental. Of course, effects of both strategic and fundamental
uncertainty have to be accounted for in combination. When public information
is precise, overreaction can be beneficial as it may help reduce the underweight-
ing associated with the error in stating the first-order expectation. However,
when public information is poorly accurate, overreaction can be detrimental as
it may exacerbate the overweighting in the stated first-order expectation.

While a welfare analysis is beyond the scope of this paper, the fact that
subjects take the signal precision into account imperfectly could cause the
policy prescription derived from coordination games with heterogeneous infor-
mation to be reconsidered. For instance, Morris and Shin (2002) show that
reducing the precision of public signals may improve welfare, as it mitigates
strategic overreaction. This result, however, relies on the assumption that agents
take the signal precision into account correctly. But as soon as subjects over-
weight imprecise signals in the first-order expectation of the fundamental,
reducing the precision of public signals in order to mitigate strategic overreac-
tion may not help to align subjects’ responses to the social optimum. By con-
trast, when public information is inaccurate, it may be better not to disclose it at
all since agents overweight inaccurate signals, even in the absence of strategic
complementarities. This qualifies the role of strategic complementarities in
experimental beauty contests and highlights that of fundamental uncertainty.
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Appendix

A Theoretical average weight

This appendix derives the theoretical average weight assigned to the public
signal y. The conditional first-order expectation of 6

max{x; — U3y - + min{x; + Uy +
(B, y) = {Xi— gy 11,1}2 {xi+pesy +py t

is expressed as a weighted sum of both signals
E(Ox;,y) = (1-f) - xi+fi - y.
For p, >, and with A=y -x;, the weight f; takes the following values
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The average weight assigned to y yields
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Similarly, for Hy <Hes the average weight is

dA.
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B Instructions

Instructions to participants varied according to the treatments. We present the
instructions for a treatment with y, =10 in stage 1, y, =5 in stage 2 and y, =20 in
stage 3. For the other treatments, instructions were adapted accordingly and are
available upon request.'®

General information
Thank you for participating in an experiment in which you can earn money. This
will be paid to you in cash at the end of the experiment.

We ask you not to communicate from now on. If you have a question, please
raise your hand and the instructor will come to you.

You are a group of 18 people in total taking part in this experiment, and you
are divided up into three groups of 6 people each. These three groups are totally
independent of one another, and will not interact with each other throughout
the experiment. Each participant interacts only with other members of his group
and not with the members of the other groups. These instructions describe the
rules of the game for a group of 6 participants.

The rules are the same for all participants. The experiment consists of 3
stages, and each stage is made up of 10 periods. In each of the 30 periods
you are asked to make two decisions. Your payoff depends on the decisions you
make throughout the experiment. The stages differ from one another in terms of
the hints (indicative values) that are given to you for making your decisions.

Section A describes how your payoff is calculated at each stage. Sections B,
C and D describe the indicative values you have at stages 1, 2 and 3 respectively.

A - Rule that determines your payoff in each of the 30 periods (3 stages of
10 periods)

Z is an unknown positive number. This unknown positive number is different in
each period but identical for all participants (of the same group).

18 What follows is a translation (from French to English) of the instructions given to the
participants.
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In each period, you are asked to make two decisions. Your payoff in ECU
(Experimental Currency Unit) in each period is composed of the payoff asso-
ciated with your decision 1 and the payoff associated with your decision 2.

Decision 1 On the one hand, your payoff in ECU (Experimental Currency Unit)
associated with your decision 1 is given by the formula:

200 - (your decision1 - Z)*.

This formula indicates that your payoff increases, the closer your decision 1
approaches the unknown number Z.

Decision 2 On the other hand, your payoff in ECU associated with your decision
2 is given by the formula:

400 -1, 5(your decision 2-Z )2 -8, 5(your decision 2—average decision
of other participants)z.

This formula indicates that your payoff increases, the closer your decision 2
approaches, on the one hand, the unknown number Z and, on the other, the
average decision of the other participants.

To maximize your payoff you have to make a decision 2 that is
— as close as possible to the unknown number Z and
— as close as possible to the decision 2 of the other participants.

Note, however that it is more important to be close to the average decision 2
of the other participants than to the unknown number Z.

No participant knows the true value of Z when making his decisions.
However, each participant receives some hints about the unknown number Z,
as explained in Sections B, C and D.

B - Your hints on Z during stage 1 (10 periods)

In each period of the first stage, you receive two hints (numbers) about the

unknown number Z for making your decision. These hints contain unknown

errors.

- Private hint X drawn from the interval [Z-10,Z+10] In each period,
each participant receives a private hint X about the unknown number Z. The
private hints are selected randomly from the error interval [Z-10, Z +10].
All the numbers of this interval have the same probability of being drawn.
Your private hint and the private hint of all other participants are selected
independently from one another over the same interval, so that in general
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each participant receives a private hint that is different from that of
the other participants.

— Public hint Y drawn from the interval [Z-10,Z +10] In addition to this
private hint X, in each period, you and the other members of your group
receive a public hint Y about the unknown number Z. This public hint is
also randomly selected over the interval [Z-10, Z +10]. The probability of
being selected is the same for any number within this interval. This public
hint Y is the same for all participants.

A
__Private hint

0 (private to each X X X XX X, X
participant) e ? 1 N !

__Common hint
6 (common to all Y
participants) Z-10 Z+10

Error interval

Distinction between private hint X and public hint Y Note that at the first
stage, your private hint X and the public hint Y have the same precision: each is
drawn from the same error interval. The sole distinction between the two hints is
that each participant sees a private hint X that is different from that of the other
participants whereas all the participants see the same public hint Y.

How to make a decision? As you do not know the errors associated with your
hints, it is natural to choose, as a decision, a number that is between your
private hint X and the public hint Y. To make your decisions, you are asked to
select two numbers, by clicking on a scale that is defined between your private
hint X and the public hint Y. You thus have to choose how to combine your two
hints in order to maximize the payoff associated with your decision 1 and your
decision 2.

Once you have chosen each of your decisions 1 and 2, click on the Validate
button. Once all the participants have done the same, a period ends and you are
told the result of the period. Then a new period starts.

As soon as the 10 periods of the first stage are over, the second stage of the
experiment begins.

C - Your hints about Z during stage 2 (10 periods)

The second stage is different from the first in that the precision of the public
hint increases: it is twice as informative as the private hint about the unknown
number Z.
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Private hint X drawn from the interval [Z-10, Z + 10] In each period, each
participant receives a private hint X about the unknown number Z. The
private hints are selected randomly from the error interval [Z-10, Z +10].
The probability of being selected is the same for all numbers within this
interval. Your private hint and the private hint of all other participants are
selected independently from one another from the same interval, so that in
general each participant receives a private hint that is different from
that of the other participants.

Public hint Y drawn from the interval [Z-5, Z +5] In addition to this
private hint X, in each period, you receive a public hint Y about the
unknown number Z. This public hint is randomly selected from the interval
[Z-5, Z +5]. The probability of being selected is the same for all numbers
within this interval. This public hint is the same for all participants.

In each period, as in stage 1, you have to make two decisions. The only difference
from the first stage is that the public hint is twice as precise as the private hint.

As soon as the 10 periods of the second stage are over, the third stage of the

experiment begins.

D - Your hints about Z during stage 3 (10 periods)

In each period of the third stage, you will receive two hints about Z for making
your decisions. This time, the public hint will be less precise: it will be two
times less precise than your private hint about the unknown number Z.

Private hint X drawn from the interval [Z-10, Z+10] In each period, each
participant receives a private hint X about the unknown number Z. The
private hints are selected randomly from the error interval [Z-10, Z +10].
The probability of being selected is the same for all numbers within this
interval. Your private hint and the private hint of all other participants are
selected independently from one another over the same interval, so that in
general each participant receives a private hint that is different from
that of the other participants.

Public hint Y drawn from the interval [Z-20, Z +20] In addition to this
private hint X, in each period, you receive a public hint Y about the
unknown number Z. This public hint is randomly selected from the interval
[Z-20, Z + 20]. The probability of being selected is the same for all numbers
within this interval. This public hint is the same for all participants.

In each period, as in stages 1 and 2, you have to make two decisions. The only
difference to the first stage is that the public hint is two times less precise than
the private hint.
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As soon as the 10 periods of the third stage are over, the experiment ends.
You will be told about each change in stage.

Questionnaires

At the beginning of the experiment, you are asked to fill in an understanding
questionnaire on the computer; when all the participants have responded prop-
erly, the experiment can begins. At the end of the experiment, you are asked to
fill in a personal computer survey. All information will remain confidential.

Payoffs At the end of the experiment, the ECUs you have obtained are converted
into euros and paid in cash. 700 ECUs correspond to 1 euros.

Thanks for taking part in the experiment!

C Understanding questionnaire

The training questionnaire varied according to the treatments. Each of the 10 follow-

ing questions had to be answered by right or wrong, yes or no or multiple choices.

1 During each period of the three stages of the experiment, you always interact
with the same participants.

2 At each period of the three stages, all the participants of the same group
receive the same private hint X.

3 At each period of the three stages, all the participants receive the same
public hint Y.

Is it rational to make a decision outside the interval defined by your two hints?

5 Your payoff associated with decision 1 does not depend on the average
decision 1 of the other members of your group.

6 To maximize your payoff associated with your decision 2, it is more impor-
tant that your decision 2 is closer to the unknown number Z than the average
decision 2 of the other members of your group.

7 Suppose the value of Z is equal to 143 and the average decision 2 of the other
participants of your group is equal to 133, what will be your payoff in ECU if
your decision 2 is equal to 138: 150? 3007 350?

8 Generally the private hint X is as informative on the average decision 2 of the
other participants as the public hint Y.

9 The difference between stages 1 and 2 is that the public hint Y is more
precise than the private hint X on the unknown number Z.

10 The difference between decision 1 and decision 2 is that the payoff asso-

ciated with decision 1 is independent from the decision 1 of the other
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participants whereas the payoff associated with decision 2 depends on the
decision 2 of the other participants.

D Example of decision and feedback screens

Perioce
1 sor 1 Etape 15ur 3 et Temps restant[sec; 22
'VALEURS INDICATIVES
z
Lavaleur indicative peivée X que vous recevez en propre, tirée de lintervalle 210, Z+10] est: 6497
Lavaleur indicative Y commune 3 tous les partcipants, brée de fintervalle (210, 2+10]. est: 6507
DECISION 1 DECISION 2
Prenez votre décision 1 afin de marimiser votre gain Prenez volre décision 2 afin de masimiser votre Gain:
200- (votre décision 1-2)* 400-15° o 2-27 -85% ko 3 moyenne des autres)*

€ Valewr communeY (65070 € Valeur communeY ¢ §50.70

€ 95% 65066 C 95% 65066

C 0% C 85061 € 90% 85081

€ 85% € 65055 € 85% C 65055

C 8% C 65050 € 8% € 85050

C75% C 65045 C 5% 65045

C 0% C 65040 C 0% C 65040

C 65% C 65035 C 65% C 65035

€ 60% C 65030 € 60% € 85030

C 55% C 65024 C 55% 65024

€ moyenne 85019 € moyenne 65019

C 4% 65014 Ca5% 65014

C a0% 65009 C 4% € 65009

€ 35% C 65004 3% 65004

c 0% 64090 C % € 54099

e o 2% C 54993

Ca% 64988 2% C 54988

C15% € 64983 C15% 64983

C10% 64978 € 10% C 64978

C 5% C 64973 5% C 64973

€ Valour privée X 84370 € ValeurpieX (54970

e Vaiider.
Période
1 sur 1 Etape 1 sur3 et Temps restant[sec 24

VALEURS
Votre valeurindicatve priée X est 6497
Lavaleurindicative commune Y, est 6507
LavaleurdeZ 6584
DECISION 1
Votre décision 1 650.19
Votre gain asso0é 3 la décision 1 122
DECISION 2
La décsion 2 mojenne des autres 000
Vobre Gécision2 65019
Vore gain assocké 3la décision2  -3593075
2 ames 6497
¥ etla dé ames 6507
GAINS TOTAUX
Votre gain pour cette période  -3592942
Vos gains cumulés  -3502942
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E Results for the decisions in the first period for each group

In each experimental session, subjects were matched into groups of 6 participants.
After each period, the feedback screen displayed the history of previous choices.
Such a structure may raise the concern that subjects treat the successive games as
a repeated game, since they may learn to coordinate with the other participants of
their group over periods. To check whether learning issues mattered, we consider
in this appendix the weight put on the public signal in the decisions of the first
period for each group, instead of the average weight over all periods.

Table 7 presents the first period weight on y in the expectation of the
fundamental (decision 1), and Table 8 the first period weight on y in the beauty
contest (decision 2).

Table 9 compares the p-values of the statistical tests for the weight on the
public signal in decision 1 in the first period and over all periods. Table 10 do the
same for the weight in decision 2. The values computed over all periods corre-
spond to the values presented in the text. This appendix shows that statistical
results for both the first period and over all periods are very similar.

Table 7: First period weight on y in the expectation of the fundamental (decision 1).

Sessions Groups p,=0 pH,=5 py,=20

Ofobs tfeond Ofobs tfeond 0fobs tfeond
1 1 0.45 0.50 0.78 0.90 0.27 0.12
1 2 0.41 0.50 0.77 0.89 0.28 0.09
1 3 0.42 0.50 0.63 0.89 0.27 0.11
2 4 0.58 0.50 0.63 0.90 0.56 0.07
2 5 0.50 0.50 0.68 0.89 0.49 0.07
2 6 0.62 0.50 0.71 0.87 0.28 0.07
3 7 0.50 0.50 0.72 0.89 0.48 0.09
3 8 0.67 0.50 0.83 0.90 0.39 0.18
3 9 0.50 0.50 0.72 0.90 0.31 0.08
4 10 0.38 0.50 0.72 0.90 0.57 0.12
4 11 0.44 0.50 0.72 0.90 0.37 0.08
4 12 0.57 0.50 0.62 0.89 0.34 0.14
5 13 0.45 0.50 0.83 0.91 0.48 0.11
5 14 0.52 0.50 0.72 0.90 0.32 0.08
5 15 0.62 0.50 0.56 0.91 0.37 0.12
6 16 0.48 0.50 0.76 0.89 0.38 0.11
6 17 0.57 0.50 0.62 0.91 0.41 0.08
6 18 0.57 0.50 0.71 0.88 0.31 0.10
Average 1-18 0.51 0.50 0.71 0.90 0.38 0.10

tfuncond 13-18 0.50 0.91 0.09
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Table 8: First period weight on y in the beauty contest (decision 2).

Sessions Groups M, =10 M, =5 M, =20
OWops Weona OWops Weond OWops tWeond
1 1 0.73 0.87 0.81 0.98 0.55 0.42
1 2 0.70 0.87 0.77 0.98 0.53 0.40
1 3 0.85 0.87 0.93 0.98 0.84 0.41
2 4 0.62 0.87 0.82 0.98 0.56 0.38
2 5 0.76 0.87 0.94 0.98 0.80 0.38
2 6 0.73 0.87 0.88 0.98 0.78 0.38
3 7 0.65 0.87 0.83 0.98 0.55 0.40
3 8 0.82 0.87 0.88 0.98 0.82 0.46
3 9 0.68 0.87 0.88 0.98 0.57 0.39
4 10 0.77 0.87 0.78 0.98 0.62 0.42
4 11 0.65 0.87 0.85 0.98 0.62 0.39
4 12 0.63 0.87 0.73 0.98 0.45 0.43
Average 1-12 0.72 0.87 0.84 0.98 0.64 0.41
Wancond 1-12 0.87 0.99 0.39
5 13 0.74 0.67 0.81 0.95 0.53 0.18
5 14 0.73 0.67 0.75 0.95 0.57 0.15
5 15 0.57 0.67 0.65 0.95 0.46 0.19
6 16 0.68 0.67 0.78 0.94 0.40 0.18
6 17 0.73 0.67 0.75 0.95 0.45 0.16
6 18 0.70 0.67 0.81 0.94 0.50 0.17
Average 13-18 0.69 0.67 0.76 0.95 0.48 0.17
tWyncond 13-18 0.67 0.95 0.16
Table 9: Test results for decision 1.
Hypothesis Test 1st period All periods
Treatment order Wilcoxon rank sum test
Obs. weight is not G1-6 vs. 7-12, u, =10 p=0.8089 p=0.6859
influenced by G1-6 vs. 7-12, u, =5 p=0.4624 p=0.1481
treatment order G1-6 vs. 7-12, u, =20 p=0.1720 p=0.2963
Deviation from theory Wilcoxon rank sum test
Obs. weight is not G1-18 vs. theory, u, =10 p=0.7638 p=0.1270
different from G1-18 vs. theory, u, =5 p=0.0000 p=0.0000
theoretical weight G1-18 vs. theory, u, =20 p=0.0000 p=0.0000
Signal precision Wilcoxon matched-pairs signed-rank test
Obs. weight is not G1-18, 41, =10 vs. 5 p=0.0004 p=0.0002
influenced by G1-18, 1, =10 vs. 20 p=0.0023 p=0.0002
precision G1-18, u, =5 vs. 20 p=0.0002 p=0.0002
Strategic complement. Wilcoxon rank sum test
Obs. weight is not G1-6 vs. 13-18, u, =10 p=0.3760 p=0.4184
influenced by degree G1-6 vs. 13-18, u, =5 p=1.0000 p=0.6304
of strategic complement. G1-6 vs. 13-18, u, =20 p=0.2963 p=0.3350
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Table 10: Test results for decision 2.
Hypothesis Test 1st period All periods
Treatment order Wilcoxon rank sum test
Obs. weight is not G1-6 vs. 7-12, u, =10 p=0.5738 p=0.8726
influenced by G1-6 vs. 7-12, p1, =5 p=0.5725 p=0.7475
treatment order G1-6 vs. 7-12, u, =20 p=0.7479 p=0.1269
Deviation from theory Wilcoxon rank sum test
Obs. weight is not G1-12 vs. theory, x, =10 p=0.0000 p=0.0002
different from G1-12 vs. theory, p, =5 p=0.0000 p=0.000
theoretical weight G1-12 vs. theory, u, =20 p=0.0000 p=0.0000
G13-18 vs. theory, u, =10 p=0.0489 p=0.9241
G13-18 vs. theory, Uy =5 p=0.0029 p=0.0025
G13-18 vs. theory, Uy =20 p=0.0051 p=0.0049
Overreaction to theory Wilcoxon rank sum test
Obs. weight is not G1-12, u, =10 p=0.0000 p=0.0000
different from G1-12, u, =5 p=0.1935 p=0.0406
theoretical weight in G1-12, pu, =20 p=0.0000 p=0.0000
1st order expectation G13-18, u, =10 p=0.0015 p=0.0015
G13-18, u, =5 p=0.0049 p=0.0048
G13-18, 11, =20 p=0.0028 p=0.0029
Overreaction to obs. Wilcoxon matched-pairs signed-rank test
Obs. weight is not G1-12, u, =10 p=0.0025 p=0.0025
different from G1-12, u, =5 p=0.0038 p=0.0025
obs. weight in G1-12, p, =20 p=0.0038 p=0.0025
1st order expectation G13-18, u, =10 p=0.0591 p=0.0360
G13-18, u, =5 p=0.0935 p=0.0739
G13-18, u, =20 p=0.0360 p=0.0360
Signal precision Wilcoxon matched-pairs signed-rank test
Obs. weight is not G1-12, y, =10 vs. 5 p=0.0025 p=0.0025
influenced by G1-12, u, =10 vs. 20 p=0.0234 p=0.0025
precision G1-12, y, =5 vs. 20 p=0.0025 p=0.0025
G13-18, 1, =10 vs. 5 p=0.0355 p=0.0360
G13-18, u, =10 vs. 20 p=0.0360 p=0.0360
G13-18, 11, =5 vs. 20 p=0.0360 p=0.0360
Strategic complement. Wilcoxon rank sum test
Obs. weight is not G1-6 vs. 13-18, x, =10 p=0.4142 p=0.0771
influenced by degree G1-6 vs. 13-18, 1, =5 p=0.0292 p=0.0063
of strategic complement. G1-6 vs. 13-18, y, =20 p=0.0247 p=0.0081




DE GRUYTER Signal Precision in Experimental Beauty Contests =—— 297

F Comparison between decisions 1 and 2 and between weights
in decisions 2 when r=0.5 and r=0.85

02+ 0.2
0.0 T T T T T T T T 0.0 T T T T T T T T
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
period period
obs. fmu = 10 obs.wmu = 10r = 0.85 obs. fmu = 10 obs.wmu =10t = 0.5
obs.fmu=5 ====== obs.wmu =5r = 0.85 obs.fmu =5 =emmen obs.wmu =5r=05
obs. fmu = 20 obs.wmu = 20r = 0.85 obs.fmu =20 — — -obs.wmu =20r = 0.5

0.4
0.2 -
0.0 T
1 2 3 4 5 6 7 8 9 10
period
obs.wmu = 10r = 0.85 obs.wmu = 10r = 0.5
obs.wmu =5r =085 ====== obs.wmu =5r =05

obs.wmu =20r = 0.85 ——-obs.wmu =20r = 0.5

Figure 2: Average weight assigned to the public signal in decision 1 f (first-order expectation)
and in decision 2 w (beauty contest).
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G Relative frequency of weights on the public signal in

decisions 1 and 2
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Figure 3: Relative frequency of weight assigned to the public signal in decision 1 (first-order
expectation); dashed line: uncond. optimal weight; solid line: observed average.
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Figure 4: Relative frequency of weight assigned to the public signal in decision 2 (the action);
dashed line: uncond. optimal weight; solid line: observed average.
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Figure 5: Relative frequency of weight assigned to the public signal in decision 2 (the action);
dashed line: uncond. optimal weight; solid line: observed average.
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H Payoff incentives

80

= Payoff decision 1, mu=10 = Payoff decision 2, r=0.85, mu=10
404 Payoff decision 1, m _1004 . | Payoff decision 2, r=0.85, mu=5
Payoff decision 1 Payoff decision 2, r=0.85, mu=20

-5 -4 -3 -2 -1 0 A 2 3 4 5 -5 -4 -3 -2 -1 0 A 2 3 4 5

Deviation from optimal weight Deviation from optimal weight

~— Payoff decision 2, r=0.5, mu=10
=5

Payoff decision 2, r=0.5,
Payoff decision 2, r=0.5, mu=20

Deviation from optimal weight

Figure 6: Expected payoff as function of deviation from optimal weight.

Figure 6 represents the expected payoff as a function of deviation from the
optimal weight conditional on signals. It shows that deviating from the optimal
weight is more costly when p, =20 than when y, =5. According to payoff incen-
tives, one would expect subjects to deviate less from optimal weight with a less
precise signal than with a more precise one. The opposite is observed, as
described in Sections 4.1.2 and 4.3.2. The observed first-order expectation of the
fundamental deviates more from the theory when the public signal is less precise.
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