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Abstract: In games with strategic complementarities, pulsiforimation about the state of the world
has a larger impact on equilibrium actions thawagtd information of the same precision, because
public signals are more informative about the jike€havior of others. We present an experiment in
which agents’ optimal actions are a weighted awem@fgthe fundamental state and their expectations
of other agents’ actions. We measure the respanspsblic and private signals. We find that, on
average, subjects put a larger weight on the puidjcal. In line with theoretical predictions, &t
relative weight of the coordination component iplayer's utility increases, players put more weight
on the public signal when making their choices. do&r, the weight is smaller than in equilibrium,
which indicates that subjects underestimate therimfition contained in public signals about other
players’ beliefs.

JEL Classification: C92, D82, D84.
Keywords: coordination games, strategic uncertainty, privafirmation, public information.

1 — Introduction

Financial markets, macroeconomic environments, agivork games are often characterized by
strategic complementarities. In games with strategimplementarities, public and private information
about an uncertain state of the world have disteftdcts, because information that is shared by
several agents is more informative about the likkbliefs and actions of others than private
information. Since agents have an incentive tonaflteir actions to the expected actions of others,
equilibrium choices are affected more by publicnthy private signals of equal precision. This has
been used to explain why markets ‘overreact’ tolipubgnals, so that public information may raise
price volatility on financial markets and cause ateg welfare effects. The aim of this paper is to

experimentally evaluate the weights that subjeitésh to private and public signals in games ofkvea

“We are thankful to Gabriel Desgranges, John Du¥gtra Geraats, Ed Hopkins, Paul Pezanis-Christod,
Alexander Meyer-Gohde for helpful comments, to Rionzeiliger for programming Regate, to Kene Boun My
for providing assistance, to the students for tpaiticipation in the experiment and to fienseil Scientifique
de I'Université de Strasbourgnd the ANR-DFG joint grant for financial support.



strategic complementaritiedVe show that on average agents indeed attacgherhiveight to public
than to private information, but the asymmetry ieights is smaller than in equilibrium.

Our experiment builds upon Morris and Shin (200&)p present a generalized beauty contest
game with weak strategic complementarities for yaag) the distinct effects of public and private
information. In their game, an agent’s action iweighted average of a public and a private signal.
The equilibrium weight attached to the public sigig higher than its relative precision. This
‘overreaction’ (Morris and Shin (2002), p. 1530)dse to the higher informational content of public
signals regarding the likely beliefs of other agemt this context, Morris and Shin show that ragsi
the precision of public signals may reduce expeetetlare’ Welfare effects of public and private
information depend on two considerations requigngpirical investigation: the relative precision of
the two signals and the relative weight that agexrtach to these signals. These considerations
interact: the higher the weight that agents attechpublic signals, the more likely it is that an
imprecise public signal will reduce welfare. In diuium, the relative weight is determined by the
signals’ relative precision and agents’ payoff fiumts.

This paper precisely aims at measuring and anayzaw much public signals are taken into
account compared to private ones — in a game witaikvstrategic complementarities. We present an
experiment on a game that is characterized by hotdamental and strategic uncertainty. As in
Morris and Shin (2002), agents have to choose retibat are close to a fundamental state but also
close to each other. We test predictions of thig@gch by implementing two-player versions of this
game with varying weights on fundamental and swatencertainty. In line with theory, we find that:
(i) subjects put larger weights on the public sigaad (i) as the relative weight of the coordioati
component in a player’s utility rises, players mpudre weight on the public signal. However, overall,
the weights put on the public signal are smallanttheoretically predicted.

A cognitive hierarchy model with 2 levels of reasgnhelps explaining the observation that
subjects attach a lower weight on public signadstpredicted by the equilibrium. Stated secondrorde
beliefs, however, indicate that subjects undereggérhow informative the public signal is in assggsi
other players’ expectations. This may be viewedrasilternative explanation of behavior. However,
these non-Bayesian higher-order beliefs can exmain a part of the observed systematic deviation
of behavior from equilibrium.

The next section presents the basic game. Se@tieets the experimental design and

motivates hypotheses. Section 4 states the expat@hmesults and provides measures for the relative

! Angeletos and Pavan (2004) distinguish weak amdngt strategic complementarities. Under weak
complementarities, the game has a unique equilibriwhile strong strategic complementarities defae
coordination game with multiple equilibria.

2 Svensson (2006) has argued that detrimental veetffects of public information are unlikely, besauthey
require that public information be of lower preoisithan private information, which conflicts witimpirical
findings. For a response, see Morris et al. (20B6).discussions about the welfare effects of publiormation

in closely related frameworks, see Cornand and éteann (2008), Baeriswyl and Cornand (2011), Woatifor
(2005), Angeletos and Pavan (2007 a,b), Hellwid®0and Myatt and Wallace (2008) among others.



weights that subjects put on private and commonadéy relating them to equilibrium predictions.
Section 5 presents two behavioral theories to @xpllhe observed deviation of behavior from

equilibrium. Finally, section 6 concludes.

2 — Two-player game with weak strategic complements

We describe a game in which agents have to char&ms that are close to a fundamental state but
also close to what the others believe. The framkviera two-player version of Morris and Shin
(2002) adapted for conducting an experinient.

The fundamental state of nature is given éyand has a uniform distribution on the reals.
Agenti chooses actiorg, J[J, and we writea for the action profile over all agents. The uilit
function for individuali has two loss components:

U (a6 =U,-@1-r)(a-6°-r(a -a)°, (1)
wherej is the partner of andUy is a constant that cannot be affected by play€&he first quadratic
term captures losses arising from the distance dsiwan action and the underlying st&eThe

second quadratic term describes losses from midow@iron between both players’ actions. Finally,

r J[0]] indicates the relative weight attributed to theordination component. The coordination

component is reminiscent of Keynes’ beauty contest.
Agents face uncertainty concernifigThey receive two kinds of signals that deviatenfrd

by some error terms with uniform distribution. Adigents receive a public (common) signal

y~U [5 -£,0+ 5] . In addition, each agent receives a private siggat U [5 —-£,0+ E] . Noise

terms x — @ of distinct individuals and the noise of the palsignaly - 8 are independent and their

distribution is treated as exogenously given.

The optimal action of agents given by the first order condition from maximng (1):
3 =(1-r)E(6)+rE (@), (2)
where E () is the posterior expectation conditionalxeandy and a, is the action of the other player

j. One needs to calculate (9) and E (ai). Because both signals have the same precision,

E(6)=E(0[x.y)= )%y =E(x x.y)

The optimal strategy of any agent is a linear coraton of his signalsa; = ) X; + (l— y)y. So,

® Compared to the model of Morris and Shin (2002),required the number of players to be finite amdalso
changed the distributions of the signals from ndrtoauniform in order to have a simple distributiavith
bounded support for the experiment. In Morris artdnSthe constant), adds the average losses from
miscoordination, so that the coordination part Inee® a zero-sum game and aggregate welfare depelydso
the distance between actions and fundamental state.



E(a)= E(aj |)§’y): yE(XJ- |)§,y)+(1—y)y =@1-y)y+ y X '2" y

Inserting this in equation (2) yields

a, =€, (o, e, y)+ @ r)E (0, y)= X Lz @oylle yler o y)

Thus, in equilibriumy’ :#

, which is equivalent toy’ :;_—r. Agenti’s equilibrium

_ y+(@-r)x

> . The equilibrium weight on private informatioyl* falls
-r

action is now given bya;

short of its weight of %2 in the Bayesian expectatod the fundamental, because the public signal
conveys more information about the likely actiorthaf other player than the private signal.

In equilibrium, actions are distorted away from #wpectedd towardsy. This mirrors the
disproportionate impact of the public signal in @pating agents’ actions and emphasizes the ffole o

public information as a focal point for private iaos. Note that the equilibrium weight on the ptéva
signal y decreases in the relative importance of coordnatieasured by. Morris and Shin (2002)

concentrate on the welfare effects of public infation and show that if welfare depends only on how
close actions are to the fundamental, public sgymdllow precision may actually reduce ex-ante
expected welfare, even though they improve agemitdlity to predict the fundamental. Here, the

negative welfare effect from distorting actions &mds the public signal exceeds the positive welfare
effect that arises from the additional informatidm.these environments, the economy is better off
without a public signal. This argument has beenduse question the merits of central bank

transparency.

Negative welfare effects of public signals reqtirat agents put a sufficiently large weight on
public signals. In beauty contest games like the osed by Morris and Shin (2002), real players’
behavior has been found consistent with limitedelevof reasoning (Nagel, 1995). As will be
explained in Section 5 below, such behavior leadsdights on the public signal that are lower than
in equilibrium. Cornand and Heinemann (2012) shdwt tnegative welfare effects of public
disclosures require that agents put weights onipuignals that are at least as large as the weight
associated with level-2 reasoning. Thus, it is @piecal question, whether real players put a weigh

on public signals that is sufficiently strong tousa negative welfare effects of public sigrialko

* Other experiments concerning the welfare effedtpublic information have concentrated on gamesh wit
multiple equilibria: Anctilet al. (2004) demonstrate that private signals with tpgécision are not sufficient to
achieve coordination on an efficient equilibriumeiremann et al. (2004) compare perfect public apidyn
private signals in a speculative attack game and fmall effects towards higher efficiency with fpet
information. Cornand (2006) shows that subjectsaplarger weight on the public signal if they reeeboth a
private and a public signal about the state of@benomy. For other experiments dealing with pulticsus
private information, see Forsythe et al. (1982pttPand Sunder (1988), McKelvey and Ordeshook (),985
McKelvey and Page (1990) and Hanson (1996). Thegsiigate how individuals use public information to
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answer this question, we propose an experimentbasures the actual weights that subjects put on

private versus public information.

3 — Experimental design

The experiment aims at measuring reactions to fgrigad public information in the game introduced
in the last section. In particular, we are intexdsin testing whether subjects put larger weighms o
public than on private signals, whether the obskmweights are in line with equilibrium predictions,
and how changes maffect these weights.

18 sessions were run at the BETBufeau d'Economie Théorique et Appliquisdooratory in
Strasbourg (using software Regate (Zeiliger, 200@Xween January 2008 and March 2010. Each
session had 16 participants who were mainly stsdeom Strasbourg University (most were students
in economics, mathematics, biology and psycholo§ybjects were seated in random order at PCs.
Instructions were then read aloud and questionsenesl in private. Throughout the sessions, students
were not allowed to communicate with one anothet eould not see each others’ screens. Each
subject could only participate in one session. Beftarting the experiment, subjects were requoed
answer a few questions to ascertain their undetstgrof the rules. Instructions and questionnaires
are given in Appendix A. The experiment starte@ra#tll subjects had given the correct answers to
these questions.

Each session consisted of four stages with a ¢dta0 periods. While Stages 1, 2, and 4 were
the same in all sessions, Stage 3 contained tliffeeedt treatments across sessions. In each period
subjects were paired up randomly. They did not ktlosvidentity of their partner and they knew that
they would most likely not meet the same partnethim next period. For each pair of subjects, a
fundamental stat® was drawn randomly using a uniform distributioonfr the interval [50, 450].

Each subject received a private sigwall][@—l(w+1(ﬂ . In addition, each pair of subjects received a
common (public) signaly 0[¢ -10,6 +10]. Signals were drawn independently from these \iater

using a uniform distribution The random process was explained in the instmstio
In the first three stages, each subject had taddemn an actiom; conditional on her signafs.

Signals and actions were limited to one decimahioi

augment their original private information and wiet in doing so, a rational expectations equilibriis
attained.

® Having a sufficiently large support of the pridgistdbution enables us to reduce the informatioratent
conveyed by the prior mean. In addition, this reduthe set of signals, for which the conditionastpdor
distribution is skewed.

® To limit potential losses that might arise frorpityg mistakes, we restricted choices and statedaapions to
the interval[y—2Q y+2(0] . This restriction was not mentioned in the indtinrs. If a subject entered a number

outside this interval, the screen displayed a ngessiadicating that her choice is too far away freignals.
Apparently, this restriction was not binding. Weselved only one (out of 12,960) decision situatiovisere a
subject actually chose an action at the bordehisfihterval, and less than 50 decisions, wheredifference
between action and public signal exceeded 15. Suimects actually reported typing mistakes.



In the first stage ¢=0"), the payoff function was given szOO—(a1 —6)2. Here, subjects

should choose an action as close as possible fondamental state, independent from their partners
choices. This stage aimed at familiarizing subjegith the game form and controlling for their

Bayesian rationality. Since both signals have thames precision, the rational choice is

a =(x +Yy)/2 whenever both signals are in the interval [60,]440

In the second stagergl”), the payoff function was given bSLOO—(a,- -4, )2, where g;

denotes the partner's action. Here, subjects shcoolutdinate their actions irrespective of the
fundamental state: this is a pure coordination g&mm which subjects should learn that public
information is more helpful in overcoming coordioat problems than private information. Any
strategy that maps the public signal into the rémlan equilibriufy provided that both subjects

coordinate on the same strategy. The public sigmalyever, provides a focal poihso that we
expected subjects to coordinate on actigns y .
Stage 3 contained three different treatments, eantlucted in 6 of the sessions. In Treatment

“r=0.5", the payoff function was 200_(31 -4, )2 —(ai —9)2, while it  was
400- (ai -4, )2 ~3(a, - @Y in Treatment t=0.25" and400—3(ai -4, )2 ~(a, —6)? in Treatment

“r=0.75". Contrary to Stages 1 and 2, the threenreats of Stage 3 exhibit both a fundamental and a
coordination motive. They correspond to the gameMyris and Shin (2002). Given that players

choose linear combinations of both signals= yX; +(1—y)y, the equilibrium weight on the

private signal in Stage 3 i’ =(@-r)/(2-r). Note that the limit ofy’ for r — 1 selects the
equilibrium witha, =y forr = 1.
In Stage 4 we elicited higher-order beliefs. Sulsjedso received private and public signals.

But here, each subject was asked to state two @tfets: one regarding the fundamental state and

one regarding her partner's expectation of the dmmehtal state. The payoff function was

" When signals are smaller than 60 or larger thah # posterior distribution @f is skewed, because of the
bounded support d@f.

8 In the limiting case where fundamental uncertaidiyappears and subjects’ payoffs depend only en th
distance between their actions, equilibrium thestwgs not yield a unique prediction. Any coordinagedtegy is
an equilibrium. However, the limit of equilibria games with a decreasing weight on fundamentalrtainégy
uniquely selects a strategy in which all agenti®¥lthe public signal and ignore all private infation.

° A formalization of focal points is provided by Ald~errer and Kuzmics (2008).

19 Due to the bounded supportéfthe equilibrium deviates from this linear combioa into the direction of the
center of the support. To see this, imagine thayeali receives signalg, = 40 andy = 50. From her private
signal, she can deduce tltat 50. The posterior distribution of the other @ey signal is uniform in [40, 60].
Since the other player should never choose anmbgtow 50, the expected action by the other plés/above
50. Therefore, playerr should also choose an action above 50. Obvioitslg,too demanding to assume that
players update their beliefs correctly at the edgiethe support. In the data, we find systematiea$ for
signals up to 60 and above 440. We checked thatotesy data analysis to situations wit0< 8 <430 does
not alter our results.



100~ (g (6)-6)" - (q (ej (9))— e (9))2, whereg(-) denotes the stated expectation of sulijjethe last

term of the payoff function incentivizes the stagetnof higher-order beliefs. To our knowledge, this
is the first experiment with a direct elicitatiohlagher-order beliefs.

Since individual decisions are not independenejpeated coordination games, we conducted
18 sessions with at least 6 sessions per treafrEnt. statistical tests, we use the average weight o
the private signal within a session as an indepandbservation. Table 1 gives an overview over

sessions, stages, and treatments.

Sessions Stage 1 Stage 2 Stage 3 Stage 4

Treatment
1t06 “r=0.5"
“r=0" (30 periods) Belief Elicitation
(5 periods) “r=1" Treatment (5 periods)
7to 12 (10 periods) “r=0.25"
(30 periods)
Treatment
131t0 18 “r=0.75"
(30 periods)
Table 1 — Composition of the different sessions

After each period, subjects were informed abouttthe state, their partner's decision and
their payoff. Information about past periods frdm same stage (including signals and own decisions)
was displayed during the decision phase on therlpag of the screen. Subjects knew from the start
that they were playing the aforementioned stagdhignorder. At the end of each session, the points
earned were summed up and converted into Eurogpdi@@ were converted to 25 cents in sessions 1
— 6 and 13 — 18, and to 43 cents in sessions 7. Pdyffs ranged from € 12 to € 33. The average

payoff was about € 22.Sessions lasted for around 90 minutes.

Our main hypotheses are derived from the theoryigtiens: Table 2 summarizes the

equilibrium weights on the private signyd* for interior states. The natural hypothesis aridimgn

theory is that subjects attach weights to privagmads that are distributed around the equilibrium
weights. As explained above, we intend to test liyisothesis against the alternative arising from a
cognitive hierarchy model which predicts higher gies on the private signal for> 0. Two other
testable hypotheses are consistent with equilibamehwith limited levels of reasoning: the weights

put on the private signal are smaller than 0.51(fe0) and decreasing m

' We also conducted 6 control sessions to inclueatiments with only one signal in order to testwledfare

reducing effect of private signals forl directly by comparing payoffs. Control sessietisited beliefs at the
second stage before strategic games and with lalglidifferent representation of the payoff functioNe only

present standard sessions in the main text. Thétsex control sessions are reported in Appendix B

12|1n Session 13, Treatment=0.75” unintentionally stopped after 26 periods.

13 1n all stages, it was possible to earn negativiatpoThis actually occurred in about 3.3% of adcidion

situations in standard sessions. Realized losses efe size that could be counterbalanced by ipegitayoffs

within a few periods. In general, losses were cesdry earnings from the next three periods or lealdrby

earnings of previous periods.



r |0 0.25 0.5 0.75 -1

3

y 10500 0.429 0.333 0.200—0

Table 2 — Equilibrium weighyas a function of

4 — Experimental results

We use the following structure in analyzing datastf- we analyze whether subjects’ choices are
between their two signals as predicted by theosreHve also look at the proportion of choices that
are closer to the public or private signal contimtgen the stage or treatment. Then, we estimate the
average weights that subjects attach to the prisigieal for each session, stage, and treatment. We
investigate whether average weights on the prisgpeal are positive, smaller than 0.5, and whether
they deviate systematically from the equilibriuntiuea If subjects best respond to the observedratio
of their respective partners, their strategies khoonverge over time towards the equilibrium. We
test whether there is a time trend by comparingdita from the first and second halves of a stage.
Comparing observed weights from different treatreente test comparative static predictions arising

from theory.
4.1. Some considerations about rationality

Theory predicts that subjects choose actions tleatvaighted averages of their two signals. Hence,

actions should be contained Ip :[min(y,xi), max(y, >§)]. However, we observe that about 10% of

all decisions are outside this interval, in patacif both signals are very close to each othergét a
better impression, how far these choices go outsidealso look whether choices are consistent with

the contingent support of the state’s distributiBrom her signals, subjectan deduce that the true
state of the world is contained in the interval=[maxy, x,) - 10 min(y, x,) +10] . We observe that
the proportion of choices outside this intervaloalsecomes large when the interval is small.
Furthermore, the smaller i, the larger isl,. Since both of these intervals have some appeal fo
reasonable choices, we check, how many choices wentgained in the union of both sets,

|, =1, 01,. Note that the size of intervdl; is less sensitive to the randomly drawn signat$ an

never gets smaller than 10, while the sizd poand | , may shrink to zero for appropriate signals.

Result 1: 98% of choices are containedirlhe proportion of choices insidgi$ 85%.



Value of r 0 0.25 0.5 0.75 1

Inside |l = [min(y,)g), max(y,)g)] 75% 85% 86% 86% 86%
Choice= y 1% 1% 7% 21% 33%
Closertoy 29% 34% 44% 593 26%
Middle (+/-0.05) 14% 18% 11% 10% 9%
Closer to x 31% 31% 24% 20% 18%
Choice = x 1% 1% 1% 0.4% 1%

Outside|, beyond y 12% 8% 8% 8% 8%

Outside|, beyond x 12% 8% 6% 7% 6%

Inside 1, =[maxY,X)-1aminy, X)+1d  94% 97% 96% 91% 88%

Inside 1, =1,01, 97% 99% 99% 99% 98%

Table 3 — Crude classification of individual chaice
Table 3 displays the percentage of all choicesiwithese intervals. Counting the number of
choices that are closer to the common signal, climséhe private, or in the middle provides a crude
first impression of whether subjects put a largerght on the common signal and how dispersed the
distribution of relative weights #.As r is increasedthe proportion of choices closer or equal to the

common signay increases.

4.2. Estimated weights on the private signal
We estimate the relative weights of the two sigealsubjects’ decisions by fitting linear regressio
to data. Because the payoff function rewards coatthn wherr > 0, we may expect that the weights
applied by different subjects within a session @ge over time. Hence, individual weights are not
independent. To be on the conservative side, oun statistical analyses are based on the average
weights per session. We estimate these weightsibiyng the data from all subjects within a session.
The regression equation is

& ~ Y :C+y(xit _yt)+uit’
where ) is the session-specific relative weight on priviaifermation. The constant stands for a
bias towards higher or lower numbers. Using thef&wmani correction for multiple hypotheses, this
constant turns out to be insignificant in all segead treatments. Implicitly, our regression imjgoge
restriction that the absolute coefficients on pevand common signals add up to 1. In regressions
without this restriction, we checked that violagaof this restriction are not significant either.

Table 4 displays average weights on the privateasifpr all sessions and stages and compares
them with theoretical weights. For games that weaged at least 10 rounds, we split the data from
the first and second halves of the stage so thatoutd analyze whether there was some systematic
change of behavior over time. Figure 1 presentsetl@ution of these weights over periods; this

representation captures the differences acrosesstagthin each group of sessions and between

14 To break ties in counting: if both signals and #mion coincide, we count the choice as “MiddI&".
|y-x E 01, anda =x [a =y], we count the choice as “equalibd[‘equal toy”].

15 Data and programs are available at http://www.m@@onomics.tu-berlin.de/menue/working_papers/.



different treatments across sessions. Note thatageeweights on private signals stay above the

equilibrium values (for > 0) in all periods.

Session r=0 r=1, r=1, r=05 r=0.5 r=0.25, r=0.25, r=0.75, r=0.75,
I1st half 2nd half 1sthalf 2nd half 1sthalf 2nd half 1st half 2nd half

1 0.522  0.266 0.158 0.419 0.408

2 0.506  0.369 0.219 0.452 0.463

3 0.570 0.318 0.390 0.453 0.447

4 0.475  0.380 0.344 0.416 0.475

5 0.453 0.328 0.098 0.340 0.393

6 0.516  0.349 0.200 0.409 0.453

7 0.435 0.353 0.185 0.485  0.492

8 0.472  0.346 0.209 0.498  0.466

9 0.579  0.398 0.363 0.521  0.500

10 0.496  0.339 0.135 0.480 0.460

11 0.559  0.286 0.195 0.454  0.475

12 0.494  0.257 0.210 0.477  0.473

13 0.497  0.376 0.205 0.417 0.391
14 0.504 0.190 0.208 0.309 0.294
15 0.492  0.468 0.387 0.405  0.457
16 0.489  0.390 0.350 0.408 0.377
17 0.501 0.352 0.162 0.289  0.187
18 0.555  0.389 0.331 0.288 0.338
Average 0.506  0.342 0.242 0.415 0.440 0.486  0.478.3530 0.341
St.dev. 0.039  0.063 0.092 0.041 0.032 0.022  0.018.063  0.093
Equilibrium 0.5 0 0 0.333 0.333 0.429  0.429 0.2 0.2
weight

Table 4 — Group specific weights on the privat@alg

0,6

Stage 1 Stage 2 Stage 3
r=0 r=1 Treament r=0.5 (51-6)
0,1 Treatment r=0.25 (S7-12)

Treatment r=0.75 (S13-18)

O LI T T T T 1T T T1T71 T 1T T 1T T T T 17T 17T T T T T 17T 17T 1T 17T 17T 17T 17T 17T 1T 17T 1717717177171

1 3 5 7 9 1113 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45

Figure 1 - Evolution of average weights on the gevsignal

Data indicate that the relative weight on the pgavsignal is around 0.5 for=0" and tends to be
decreasing im. Forr=1,r=0.5, and=0.25, all session-specific weights are larger tinaequilibrium.
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For r=0.75, there is one exception (Session 17 half). Comparing first and second halves, there
seems to be some trend towards equilibrium in steg®’, but not in treatments with Or<< 1.

These impressions are widely confirmed by nonpati@eniests, reported below. Specifically,
we test whether estimated weights differ from Grdm the respective equilibrium values, and
between first and second halves of a stage/treatriiéa also test monotony of the weightsrin
Unless otherwise noted, all tests are based ontiogusession-specific averages as independent
observations with a significance level of 5%. Whensplit data from the first and second halves of a

stage, we apply tests to both halves separately.
Result 2: For r = 0, subjects put an equal weightbmth signals consistent with Bayesian rationality

In Stage =07, there is no significant difference betweenugespecific estimated weights and 0.5.
Two-tailed Wilcoxon matched pairs signed rank tegeld p-values of 0.77. Since individual
decisions are independent in this first stage, la® performed tests on estimated individual weights
The hypothesis that individual weights are distidouaround 0.5 cannot be rejected either (the peval
is 0.70).

Our main result is that for > 0, subjects put a lower weight on public signiddan in

equilibrium.

Result 3: For 0 < r < 1, subjects tend to put largeeights on public than on private signals, b th

difference is smaller than theoretically predictétiere is no trend towards equilibrium.

Our prior expectation (arising from the widesprasadcess of cognitive hierarchy models in beauty
contest games) was that estimated group-specifightgeon the private signal are smaller than 0 an
larger than equilibrium weights. Therefore, we wse-sided tests on the null hypotheses that the
median weight is equal to the respective equiliioriealue against the alternative hypotheses that it
smaller than 0.5 or exceeds the equilibrium weighdpectively. One-tailed Wilcoxon matched pairs
signed rank tests yield the p-values, reportedaibld 5. While most tests reject the null hypothedes
5%, we cannot reject that the median weight eqal$or the first half of Treatment=0.25".

Null Alternative r=0.5, r=0.5, r=0.25, r=0.25, r=0.75, r=0.75,

hypothesis hypothesis 1st half 2nd half 1st half 2nd half 1st half 2nd half

y=0.5 y<0.5 0.015 0.015 0.106 0.030 0.015 0.015
»=0.429 7> 0.429 0.015 0.015
»=0.333  7>0.333 0015 0.015

y=0.2 y>0.2 0.015 0.031

Table 5 — P-values of one-tailed Wilcoxon matcheidsssigned rank tests.

16 Average weights per individual are estimated ksinailar procedure as average weights per sessiih,aw
separate regression for each subject.
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Comparing the weights assigned to private sigrnalghe first and second halves of each
treatment, we find no significant differences. ldsihe two-tailed Wilcoxon matched pairs test, p-
values range between 15% and 85%. In particularTfeatment £=0.75", the p-value is 85%. Thus,
we conclude that subjects tend to put larger wsigint public than on private informatidnbut the

difference is smaller than theoretically prediciéed there is no systematic trend over time.

Result 4: For r = 1, subjects assign larger weighdspublic than to private information: they lean
towards coordinating on the public signal, but dat machieve full coordination during the course of

the stage.

In Stage f=1", all estimated weights are positive and belo# ®lence, the Wilcoxon matched pairs
signed rank test yields p-values below 1% for thik mypotheses = 0 andy = 0.5 Testing whether the
weights assigned to private signals in the lasiulhds were equal to those in the first half agaimest
alternative of a systematic trend towards equilifori(i.e. lower weights in the last rounds), the-one
tailed Wilcoxon matched pairs test yields p-valae6.02%. Thus, we can reject the hypothesis of no

trend towards equilibriunfior this stage.

Result 5: Over all sessions, the weight assignethéo private signal tends to decrease in r as

predicted by theory.

A one-tailed Wilcoxon matched pairs signed rankfiesls that)y is getting significantly smaller with

increasing, if we compare r=0" with “r=0.5" or “r=0.5" with “r=1". P-values are always below 4%.
Note that here the differenceiinis 0.5. Comparing treatments where the differdanaeis only 0.25,
test results are mixed: comparing=0.5" with “r=0.25" or ‘r=0.5" with “r=0.75", one-tailed Mann-
Whitney tests yields p-values below 3% except fe10'5” (first half) compared tor=0.75" (second
half), where p=6.6%. However, the one-tailed Wilmoxmatched pairs fails to reject the hypothesis of
equal weights for Treatment=0.25" versus =0" and for Treatmenftr =0.75" versus f=1" (p>9%)
except for Treatmentr=0.75" (second half) compared to=1" (second half), where p=3.1%. Figure 2
relates the average weight on the private sigmaé&eh treatment to theoretical predictions and als

displays how the weight dependsron

' This result seems to be corroborated by subjeuatiten comments in the post-experimental questinen
(this questionnaire is presented in Appendix A&3% of subjects explicitly wrote (without being etitly
asked) thay is more informative thar on the other participant’s decision. The percem@igsubjects reporting
such statements is positively correlated to thaevalfr in stage 3.
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Figure 2 — Weight on the private signal for diffet values of

5. Alternative explanations for observed behavior

We know from Nagel (1995), Kuibler and Weizsack€&0@®) and many other experimental papers that
the equilibrium may be a poor predictor for actbahavior when it requires infinite levels of
reasoning. In their environments, cognitive-hielhgrenodels with limited levels of reasoning yield
better prediction$? In this section, we study two models of boundeibmnality: one is a model of a
cognitive hierarchy (limited levels of reasoningidathe other one is based on non-Bayesian higher-
order beliefs. Both models are able to explain Wwsign the private signal that exceed the equilibri

values'®

5.1. Cognitive hierarchy

The model of cognitive hierarchies assumes thahtagprocess information rationally, but fail to
consider that others decide with the same degreatiminality. Nagel (1995) and Stahl and Wilson
(1994) define level-0 types as subjects who ch@wsaction randomly from a uniform distribution
over all possible actions. Far> 0, a levelk type is playing best response to lekel-1. In our game,

if the partner’s action has a uniform distribution the reals, expected losses from the coordination
part of the payoff function are infinite for anytiar, so that any action is a best reply as long=a$.
However, expected losses resulting from deviatfoos the fundamental are minimized by choosing

the expected state. Hence, we define the bestnsspim a uniform distribution over all reals as

18 Shapiro, Shi, and Zillante (2009) analyze the jotad power of levek reasoning in a game that combines
features of Morris and Shin (2002) with Nagel (1p9bhey try to identify whether individual strategi are
consistent with levekreasoning. They argue that the predictive powdewdlk reasoning is positively related
to the strength of the coordination motive andh symmetry of information. Their experiment howetreats
public and private signals in an asymmetric waybgmalizing public signals.

1 Hypotheses that arise from combining non-Bayehkigher-order beliefs with limited levels of reasomgiare
derived and tested in Appendix D.
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a' =E, (8), so that level-1 players place weight 0.5 on tmgmals. Note that' = E, (6) is the best

response of a player who ignores the strategicgbdhte payoff function. Starting from this defioi,

actions for higher levels of reasoning can be d¢ated as follows: suppose that a playettaches

weight y, to her private signal. The best response to sabhwor is

At =(1-1E (8) +1E (a,) = A-1)E (O) +T K E (X,) +r L= K )Y.

Since the expected private signal of the otherglaguals the expected state,

a™ =[@-r) +ryJE @) +ri-y)y= (l_r);ryk . {(1_02”” ”(1_”)} Y

Hence, the next level of reasoningyis, = (1—0%

. With higher levels, the weight on the private

signal decreases from 0.5 towards the equilibriafoe.

Table 6 summarizes the resulting weights on theapei signal for increasing levels of

reasoning and the equilibrium weight on the privsigmal y* for different values of. Comparing

observed weights with these theoretical valueswalliesting the cognitive hierarchy model.

Value of r Level-1 Level-2 Level-3 Level-4 ... Equilibrium weight
Y2 Va Va (infinite levels of reasoningy*
0 0.50 0.50 0.50 0.50 ... 0.50
0.25 0.50 0.437 0.429 0.429 ... 0.429
0.5 0.50 0.375 0.344 0.336 ... 0.333
0.75 0.50 0.312 0.242 0.216 ... 0.2
1 0.50 0.25 0.125 0.062 0

Table 6 — Theoretical weight oqndepending om and on the level of reasoning

Result 6: For interior values of r, most estimatpup weights on private signals are close to or

above the weights given by level-2 reasoning.

As can be seen from Figure 2, the observed avensgghts are close to the weights of level-2
reasoning for all values of Comparing session-specific weights presentedainlel 4 with weights
from limited levels of reasoning displayed in Tableshows that in Treatments=0.5" and t=0.25",
average group weights are higher than the weigbis fevel-2 reasoning with only one exception for
r=0.5 (Session 5, first half). The hypothesis thatérage weights are equal to or below those from
level-2 reasoning is rejected by one-tailed Wilaoxoatched pairs signed rank test at p-values below
5%. In Treatmentr=0.75", session-specific weights are distributesuad the weight from level-2,

and we cannot reject that the weights are equalr tbelow those from level-2 reasoning. In this

treatment, one-sided tests reject level-3 reasofubhgerved weights are not lower thig), but two-

sided tests do not (equality of observed weightb yj cannot be rejected).
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Forr=1, second half, the hypothegis< y, cannot be rejected either. These inhomogeneous

test results indicate that subjects might behavadcordance to higher levels of reasoning with

increasing'.

As Cornand and Heinemann (2012) show, the welfatardental effects of public
information require that agents put a weight on fhivate signal that is smaller than the one
associated with level-2 reasoning. Since we cargjett this for > 0.75, we cannot rule out that for a
strong coordination motive (high value Of public information may be detrimental to welfaie

welfare depends only on how close actions aregduhdamental as in Morris and Shin (2002).

5.2. Non-Bayesian higher-order beliefs

Weights on the private signal above equilibriumuesl can also be explained by systematic mistakes
in the formation of higher-order beliefs. For usiimjormation rationally, a subject has to form
conditional expectations about his partner's bglibhised on his own information. Theoretically,
subjects should put a weight of 0.5 on the privagmal when estimating and a weight of 0.25 in
estimating the other’s estimation &f This does not require any assumptions about otletsavior

apart from Bayesian rationality. If subjgdbas rational first-order beliefs, thef) (6) = 05x, + 05y
and rational second-order beliefs arg (E,(8)) = 05E (8) + 05y = 025x + 075y. More

generally, ifE; () =Ax; + 1-A)y, thenE (E;(0)) =AE () +1-A)y=05Ax+(1-1/2) y.

Previous studies have explored whether subjeatatagbeliefs according to Bayes’ rule, when
information arrives sequentially. Various studiesnf the 1960s found thafujpon receipt of new
information, subjects revise their posterior probidyp estimates in the same direction as the optima
model [Bayes’ rule], but the revision is typicaligo small (Slovic and Lichtenstein, 1971, 693).
Recent studies explore whether subjects are Bay@siapdating self assessments. While some find
significant deviations from Bayes’ rule (Eil and dra2011), others report that subjects update
overconfident prior beliefs correctly (Grossman @ens, 2010). To our knowledge there is no
previous experimental study exploring whether subjeise Bayes' rule in forming higher-order
beliefs. Dale and Morgan (2012) test some predistiof Morris and Shin (2002) comparing
treatments with private and public signals of df@ precisions. The weights that subjects put on
signals of low precision and on the prior (whictscalhas a low precision for indicating the
fundamental) are much higher than under Bayesiaeflbermation. Since in their experiment public
signals always have a low precision, they find bigiveights on the public signal than we do. They
find weights that are distributed around the eftiilim values and negative welfare effects of public

signals®® In our experiment, all signals have the same pi@tj so that we can detect mistakes in the

2 n the light of our previous impression that thedl of reasoning may be correlated withhe high parameter
of r=0.8, chosen by Dale and Morgan (2012), may camtilio higher weights on public signals. They also
inform subjects about the best response after eastd which may enforce convergence to equilibrium.
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formation of higher-order beliefs without this pati@lly confounding bias towards low quality

signals.

Result 7: Subjects attach too high a weight topitieate signal when predicting other subjects’ bdi

about fundamentals.

Data from belief elicitation reveal that subjectsaeh (on average) a weight of 0.463 on the
private signal when estimatingg and an average weight of 0.291 when estimating tetner’s
estimation ofd. Two-tailed Wilcoxon tests on estimated group-#peweights reject the hypotheses
that the median weight in estimatir§ equals 0.5 (p=0.005) in favor of lower weights mivate
signals, and reject that the median weight in estimg the other player's estimation equals 0.25
(p=0.038) in favor of higher weights on privatersts. 229 out of 288 subjects attribute a weight
higher than 0.25 to the private signal in this ta&khough Bayesian rationality requires that the
weight on the private signal in second-order belled half of the weight in estimatidy it is in fact
62.2% and thereby too high to be consistent withieBen rationality. This can explain a part of the
differences between observed weights and equilibuedictions in the other stages. As we elicited
beliefs directly after Stage 3 (Or< 1), we may expect that higher-order beliefs m ldter periods of
Stage 3 are formed in about the same way as elibgbefs. However, as we show in Appendix C, the
deviations from Bayesian rationality in forming heg-order beliefs are too small to explain the whol

difference between observations and equilibriundiot®ns in the second half of Stage 3.

It is surprising, though, that subjects underus@hfe signals in forming their expectation of
6, especially in light of the results from Stage “t=0") that is equivalent to asking first-order
expectations. We attribute this to an order effafter 40 periods in Stages 2 and 3, in which the
public signal was more important than the privamne subjects may have developed a routine in
putting higher weights on public signals that wppli@d to both tasks in Stage 4. In Appendix C, we
present the results of 6 control sessions, in whielelicited beliefs directly after Stage 1 andobef
all stages, in which common signals are theordyicabre important than private ones. Here, we find
that the weights on the private signal in firsteréxpectations are distributed around 0.5 (equalit
cannot be rejected) while the weights in secon@oexpectations are all above 0.3 and on average
83% of the weight in first-order expectations. Hefree violation of Bayesian rationality in forming
higher-order beliefs is even more pronounced. Theselts indicate that subjects underestimate how

informative public signals are for estimating otpayers’ beliefs.

6 — Conclusion

Our experiment provides convincing data for the dtlipsis that subjects attach larger weights to
public than to private signals if they have inceesi to coordinate their actions. The experimerd als

investigates whether players put higher weightshenpublic signal if the relative importance of the
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coordination component is increased. We find cddence in line with this qualitative predictioh o
equilibrium theory. The observed weights are, hawevower than equilibrium values. They are
closer to the weights arising from level-2 reasgroha cognitive hierarchy model, for which Cornand

and Heinemann (2012) show that public informatianmot be welfare detrimental.
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