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1 — Introduction

There has been an extensive debate about the avelffieicts of transparency in environments
with strategic complemetarities, started by the isahpaper by Morris and Shin (2002). Strategic
complementarities are widespread in macroeconomicslels of financial crises, price competition,
investment in network goods, and many other ecoaosiiuations. In games with strategic
complementarities, public and private informatidroat an uncertain state of the world have distinct
effects, because information that is shared byragwagents is more informative about the likely
beliefs and actions of others than private inforamatGiven that public signals are more informative
rational players put a higher weight on these digtizan on private signals of equal precision. In
equilibrium, the weight on public signals is eveigher, because rational players account for the

rationality of others and the attached weightsstn&tegic complements.

This may lead markets to ‘overreact’ to public siignand raise price volatility. In this context,
institutions such as central banks committing wvjate noisy public information may reduce expected
welfare. The aim of this paper is to reconsider éx¢éent to which public information may be
detrimental to welfare when accounting for the fiett ‘real’ agents are not fully rational. Recent
experiments on games with strategic complemergarghow that subjects attach a lower weight to
public signals than theoretically predicted. Aggtegbehavior can be better explained by a cognitive
hierarchy model where subjects employ limited Isvefl reasoning. This paper analyzes the welfare
effects of public information under such limitedrdéés of reasoning and argues that for strategies
according with experimental evidence, public infation that is more precise than private information
cannot reduce welfare, unless the policy makeritgtsuments that are perfect substitutes to private
actions.

Morris and Shin (2002) present a stylized beaotytest game with weak strategic
complementarities for analyzing the welfare effeft@ublic and private information. In their game,
an agent’'s action is a weighted average of a publid a private signal. The equilibrium weight
attached to the public signal is higher than itatiee precision. In their welfare analysis, Moraisd
Shin concentrate on a case where those who pibeictverage opinion better gain at the expense of
those whose prediction is worse. Here, coordinagsoa zero-sum game. Morris and Shin show that
raising the precision of public signals may redespected welfare while raising the precision of

private signals is always welfare improving.

Cornand and Heinemann (2013) test the theoretieigtions of the model by Morris and
Shin (2002) in a laboratory experiment. They measie actual weights that subjects attach to public
and private signals and find that observed weigines distributed around the predictions from a
cognitive hierarchy model, where players take etoount that other players receive the same public
signals, but neglect that other players also adcimnrothers receiving the same public signals.iaic

neglect of higher-order rationality has also beéseoved in many other experiments on beauty-
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contest games, cascade games, and coordinatiors geithestrategic complementaritibst seems to

be a fairly robust result that actual players’ clesiin these games are distributed around the-Zevel
choice. Level-2 players respond in a rational wathe non-strategic part of a game and they account
for other players responding rationally, but theglect that other players also account for others’

rationality.

In this paper, we apply limited levels of reasoniodour variants of the model by Morris and
Shin (2002) that have been heavily discussed initiature. In the original model by Morris and
Shin (2002) with strategies derived from level-asening, public information is always welfare
improving. The result also holds for weights asated with level 1 or any mixture of levels up to
level 2. If, however, agents employ higher levelsr@asoning, negative welfare effects of public
information are possible. Since individual stragsgare widely dispersed — including some subjects
with higher levels of reasoning — we check thattfar mixture of strategies observed in Cornand and

Heinemann (2013) a higher precision of public infation increases welfare.

Angeletos and Pavan (2007a, b) emphasize that #léarer effects of transparency are
sensitive to the extent to which coordination igially valuable. Hellwig (2005), Roca (2010),
Lorenzoni (2010) and Woodford (2005) embed the rapidm of Morris and Shin (2002) into a
macro-framework, where coordination is sociallyuwaddle. Here both, public and private information
contribute to social welfare. Under limited levelsreasoning, however, increasing the precision of
private signals may reduce expected welfare. The positigfare effects of public signals in this

model are robust to limited levels of reasoning.

Cornand and Heinemann (2008) introduce a conceptadial publicity by allowing for
information that is provided to just a fraction agents. They show that optimal policy requires to
provide public signals with highest possible priecis but eventually not to all agents. Restricting
signals to be partially public leads to a higheifare than providing public signals to all agentishw
restricted precision. These qualitative resultsratmist to limited levels of reasoning, However, we
find that the optimal degree of publicity is highéragents apply level-2 reasoning than for
equilibrium strategies. If public information is moprecise than private information, then full

transparency is optimal.

Finally, we reconsider a model by James and La{@2@t 1) in which the government can take
policy actions against some fundamental shock.eSprodicy and private actions are perfect subsstute
with respect to neutralizing aggregate shocksgtheernment can provide the optimal response to its
own information. Private responses are still rezplito account for the additional information

contained in agents’ private signals. This distiiliu of tasks achieves the first best. If the goveznt

! Examples are Nagel (1995), Kiibler and Weizsack@d4), and Baeriswyl and Cornand (2013).



discloses its own information as a public signgbtiwate agents, agents reduce the weight thepmput
the private signal and, thus, private informatiotees the total response of the economy with a hteig
that is suboptimally small. For this reason, italsvays optimal to withhold public information
completely. This argument only requires that suljeat weights on signals that differ from the abci
optimum. Thus, complete intransparency is alsonugdtif agents follow level-2 reasoning. For level-1
reasoning, however, transparency has no welfaeetefis it only shifts the adjustment from pubtic t

private actions without affecting the aggregate.

Overall, these results indicate that under limicels of reasoning, (i) public information is
less detrimental (if at all) to welfare than predecby equilibrium theory, (ii) private informatiaan

be welfare reducing.

In the remainder of this paper, we first presaetdriginal set-up by Morris and Shin (2002).
Section 3 introduces limited levels of reasoninghis model and shows that the main result of Morri
and Shin is not robust to level-2 reasoning. Sastih — 6 analyze limited levels of reasoning when
coordination is socially desirable (Section 4),omfation can be partially public (Section 5), and

policy actions can substitute private actions (iBadb). Section 7 concludes.

2 — Welfare analysis in the Morris-Shin-model

In the model of Morris and Shin (2002), there oatinuum of agents The payoff function

for agent is given by
u(a6)=-(1-1)(a -6} -r(L -T).
where L, = J.Ol(aj - a,-)zdj andL = J.Ol L,dj. The utility function for individual has two components:

the first component is a standard quadratic losthéndistance between the underlying stdtend
her/his actiors;. The second component is reminiscent of the Kagndseauty contest;0r < 1 is
the weight on the beauty contest term. The logwi®asing in the distance betwea&naction and the
average action of the whole population. Agents diam predicting the average opinion better than
others, but the beauty-contest is a zero-sum g&ueial welfare, as defined by the (normalized)
average of individual utilities, is given by

1 1

vv(a,e)s%ju (a,6)di = (a ~6)di.

i
0 0

As a consequence, a social planner, who caresalmyt social welfare, seeks to keep all agents’
actions close to stat¢. While coordination affects individual payoffs, dioes not affect social

welfare.



Agents face uncertainty concerning the st&ehas a uniform distribution on the reals and
agents receive two kinds of signals that deviatenf@ by independent error terms with normal
distribution. Each agent receives a private signat & + & with precisionf. Signals of distinct
individuals are independent and the distributionpofate signals is treated as exogenously given.
Agents have access to a public siggat € +7 with precisiona.

The public signal is given to all agents. Whileagial planner would prescribe that agents
choose actions in accordance with the expected stffathe world, optimizing agents put a higher
weight on the public signal, because it is morgfulin predicting the actions of other agents than
uncorrelated private signals. In equilibrium, préapected welfare is given by

a+p@-r)’
(@+Ba-n)*

which is decreasing in the precision of public sigra , if a/ £ < (L-r)(2r —1). Since agents attach

EW)=-

a weight to the public signal that exceeds itstiredaprecision, noisy public signals drag the meén
private actions away from the fundamental. Thisshi@vards the public signal reduces welfare and
may dominate the positive welfare effect of actidmsing based on more precise information.
Increasing the precision of private informationwewer, is always beneficial.

Svensson (2006) criticized the negative welfareat$ of transparency as being unrealistic. If

public information is withheld,a =0, expected welfare is-1/ 8. Using the restrictionr 0 [0]),

Svensson shows that private information needs tambee precise than public information for

expected welfare being smaller than/ 8. Since empirical estimates like Romer and RoméoQ2

found public forecasts to be better than privatedasts, the disclosure of these forecasts would

always raise expected welfdre.

3 — A cognitive hierarchy model on the use of puldi and private

information

Cornand and Heinemann (2013) present an experirimemthich subjects repeatedly play a
beauty-contest game based on Morris and Shin (2082¢ach round, each subject is randomly
matched with another subject, and the payoff fmcis such that players want to choose actions that
are close to an unknown fundamental but also ¢wsach other. Each subject receives two signals on
the fundamental, a private signal and a commonasigrhe common signal is the same for both

subjects, and subjects know, which of the two digisacommon. All signals have the same precision.

2 Morris et al. (2006) show that for correlated sign the result by Morris and Shin (2002) may helén when
public signals are more precise than private siggridlyatt and Wallace (2008) also consider corrédlgtevate
signals. They show that in a Lucas-Phelps islanch@my all signals should be provided with the same
correlation coefficient.



Varying the relative importance of the coordinatimotive, Cornand and Heinemann measure the

relative weights that subjects put on the two digha

In a benchmark case, where subjects’ payoffs depahdon how close their actions are to
the fundamental, subjects put equal weights on mgmals. With increasing importance of
coordination in their payoff function, the relativeeight attached to the public signal increases.
However, these weights are significantly smalleantlpredicted by equilibrium theory. Observed
weights can be explained by limited levels of re@sg, where level-1 is defined by the optimal attio
of a player who neglects that public signals prewidbre information about other players’ beliefs] an
level-2 is the best response to level 1. The erpart reveals that for interior values mfsubjects’
weights on the public signal are smaller or arotimedweights associated with level 2. In the lingtin
case where subjects’ payoffs depend only on thardise between their actions={), subjects tend to
apply higher levels of reasoning. However, thell ptit a positive weight on their private signals,

which prevents full coordinatich.

Models of cognitive hierarchies are based on tkaraption that agents decide with limited of
levels of reasoning about decisions of others. NA@95) and Stahl and Wilson (1994) define level-0
types as subjects who choose an action randomty &oniform distribution over all possible actions.
Fork > 0, a levelk type is playing best response to lekel 1. Obviously, this definition hinges on the
definition of the action space. While experimenidally have a bounded action space, the game by
Morris and Shin (2002) allows for actions beinglseddence level-0 types chose actions from a
uniform distribution on the reals. If actions hawveiniform distribution on the reals, expected lesse
from the coordination part of the payoff functiar anfinite for any action, so that any action ibest
reply as long as > 0. However, expected losses resulting from dmnatfrom the fundamental are
minimized by choosing the expected state. Hence,defne the best response to a uniform

distribution over all reals as' = E;(¢) . Note thata' = E, () is the best response of a player who

ignores that public signals are shared with otleygrs and it is also the welfare maximizing sysite
combination.

The action of a level-1 player is

ail = Ei(e):% =X +(1_y1)y-

where y, = B/(a + B) is the weight that a level-1 player attaches éoptivate signal.

Suppose that a playpattaches weighy,; to her private signal. The best response to his i

® Appendix C compares the results for the differeaatments with theoretical predictions from eduilim
theory and different levels of reasoning.

* Equilibrium theory does not yield a unique preidictfor r=1: any coordinated strategy is an equilibrium.
However, the limit of equilibria in games with irasingr uniquely selects a strategy in which all agentiefo
the public signal and ignore all private informatio



af = (L-1)E(6) +E (a])
=@A-NE©) +rnEi(x)) +r- 1)y
=([L-r@- W))E (6 +rd-p)y.

So, the action associated with level-2 reasoning is

» _apA-n+p*>  a’+apl+r)

a = X;
(@+p)? (@+p)?
and the weight on private signals for a second lef/eeasoning is
y, 2B+
o (@+pt

If all agents are level-2 players, the expectedarelis given by

EW(a,8)) = —ELJ (a, - 6)*di } = —EL({ (y,x + @-y,)y-6) di

01) 01)

_ 2L 1 __(@+p)’+r’aB
=— —-@1- - =- .
() 5= @), @)
Taking derivatives and rearranging terms, we get
OEW) _a®+@+rP)af+A-r*)p*
da (a + ,[3’)4

0

and
EW) _ (@-r?)a’+@+r*)a B+’
B (@+p)

Hence, the comparative statics exercise shows iti@easing the precision of either type of

> 0.

information unambiguously increases welfare. Thasuit is in stark contrast to Morris and Shin

(2002), who show that increasing the precisionudflic signals may reduce welfare.

Result 1: In stark contrast to Morris and Shin’slfae analysis, we find that — when agents have a
level of reasoning of degree 2 — increasing thecisien of public information is always raising

expected welfare.

This result still holds for any mixture of levelahd level-2 agents. Since expected welfare is
independent from coordination failure and just eshefseon how close actions are to the fundamental,
any information that yields a lower expected ddfeze between actions and fundamentals, raises
expected welfare. If an agent attaches a weighprascribed by level 1, level 2, or anything in
between, an increasing precision of signals redtitesexpected deviation of her action from the
fundamental. Hence, if all agents apply low lev@dsen different ones), increasing precision of
information increases expected welfare.

With higher levels of reasoning, the relative wesgbn the two signals approach equilibrium

weights, for which we know that public informati@an be welfare detrimental. This raises the



guestion, at which level of reasoning such negatigfare effects start showing up. For higher lsvel
of reasoning, the algebraic solution becomes utatiode, so that we refer to simulations. For level 3
we examine a wide range of parameters for whicld@termine the sign of the derivative of expected
welfare with respect to the precision of publicnsity. As shown in Figure 1, we detect parameter
combinations withr > 0.6 and a high relatio/ a , for which an increase in the precision of public
signalsa reduces expected welfdré&lote, however, that Svensson’s (2006) critiqudiapgven more
for limited levels of reasoning: if public informai is withheld and agents employ level-3 reasoning
then private signals need to be more than 1.6 tasqwrecise as the public signal for disclosuritef

public signal to have a negative welfare effect.

40000000
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Figure 1 — Derivative of expected welfare with mspo the precision of public informatierfor level-

3 reasoning when the coordination part is a zem-game.

Whether increasing the precision of public inforimatraises or lowers expected welfare if
some agents apply level 2 or a lower level andretheply level 3 or a higher level, depends on the
distribution of these types of players in the pagioh. In Appendix D, we estimate the share of
subjects who followed different levels of reasoningthe experiment of Cornand and Heinemann
(2013). We show that for this distribution publiddrmation is welfare improving. Note however, that

the gains from more precise public information gers with level 1 or 2 are small compared to the

® Appendix A determines the derivative of expectadfave with respect to the precision of public silgma..
® Simuations are provided in the online appendhitp://www.macroeconomics.tu-berlin.de/fileadmin/

fg124/heinemann/downloads/welfare _under LLR.xIs




losses for high-level agents. Hence, if all playgosild be at least level 1, even a small proportbn

equilibrium players would be sufficient to causérideental welfare effects of public information.

It is a surprising result that negative welfareeef$ of public signals cannot occur when agents
apply up to 2 levels of reasoning, but may be preg® higher levels. In this paragraph, we shortly
discuss what we view to be the intuitive reasonrzkthis critical value. Level-2 players put a hégh
weight on public signals than justified by theidateve precision, because they account for the
additional payoff that they gain from predictingethkely actions of the other players. Thus, noisy
public signals drag the entire range of privatéoastaway from the state of the world in directadn
the public signal. However, the public signal atemtributes to agents’ forecasts of the state, fhic
reduces the dispersion of actions around this .skde level-2 reasoning, the first effect can never
outweigh the latter. By definition of level 2, agemo not account for other agents to put a higher
weight on the public signal, and thereby, the welfdetrimental effects of public information
associated with strategic complementartities canmdold. Strategic behavior only kicks in, when
agents also account for the higher weights of ethehich requires more than 2 levels of reasoning.
Then, each player's asymmetric response to thestgmals induces other players to respond with an
even higher weight on the public signal. Strategimplementarity affects behavior only from level 3
onwards. This is because agents account for otbeesteactions to public signals only from level 3
onwards. Such higher-level reasoning seems togre-eequisite for public information to be welfare

detrimental.

4 — Welfare analysis for level-2 reasoning with cadination entering

welfare

If coordination is socially desirable, then pubhformation is beneficial in equilibrium, while pate
information may have detrimental effects on welfdreis is an outcome, for example in Woodford's
(2005) variant of the model, where coordinatioreesithe welfare function. In this section, we check
the robustness of these results with respect titelihrievels of reasoning. The payoff for agens

given by
U (a6 =-L-r)a -6 -r[(a -a)d.

Summing up individual utilities, social welfaregs/en by:

1

W(a,6)= [u (a,6)di = —(1—r)J1'(a,. —e)zdi—rﬁ(a -a,)*djdi,

0

where the last component accounts for sociallyrdbkd coordination. If agents attach weightto

private signals, expected welfare is



E(W(a,e))=—(1—r)E{ | (ym—e)+(1—y)(y—9))2di}—rE{ [ [ -x)fdid
i0(04) i0(02) jo( 03
- _ 21+r _ _ 21‘[’
y 5 @-y o

Inserting the weighy, , associated with level-2 reasoning, the sig@E(\N)/ 03 equals the sign of

(1+r)(1+£}[1—r +£j —Zr[l—r +£+r§j .

a a a

Simulations as depicted in Figure 2, show thastbe of this term is ambiguous.

Figure 2 — Derivative of the expected welfare witlspect to the precision of private information fevel-2

reasoning in the game where coordination is sgciseful.

More precisely, increasing the precision of priviafermation can reduce welfare #/a < 3 andr >

0.62 The reason is that agents put a larger weightrivate signals than is socially optimal. Higher

precision of private signals raises the weight bwgpe signals, which impedes desirable coordimatio
In the extreme case where— 1, providing subjects with private information vdualways be
detrimental if they attach a positive weight toTihe experiment by Cornand and Heinemann (2013),

but also Fehr et al. (2011) indicate that subjects indeed responding to private signals in pure

coordination games as for 1.

" See proof in Appendix B.
8 Simuations are provided in the online appenditp://www.macroeconomics.tu-berlin.de/fileadmin/
fgl24/heinemann/downloads/welfare_under_LLR.xls

10



A rising precision of public signals unambiguousbises expected welfare. As shown in
Appendix B, this also holds for level-2 reasoni@ualitatively, the result is the same as for fully
rational agents. So, the advantage of transpanrehey coordination is socially desirable is robuwst t

limited levels of reasoning.

Result 2: If coordination is socially desirable aagents apply limited levels of reasoning, incragsi
the precision of private information may reduce eotpd welfare, while an increasing precision of

public information is always beneficial.

5 - Limited levels of reasoning and partial publicly

Concepts of intermediate publicity as in Cornand Eieinemann (2008), Morris and Shin (2006), or
Myatt and Wallace (20085eem especially relevant for representing the sudjects deal with public
signals. The model of Cornand and Heinemann (2@98gry similar to that of Morris and Shin
(2002) with the same utility, distribution, and vegk functions. The difference is that agents have
access to the public signglonly with some probability?.”® In an application, Walsh (2007) has
shown that such partial publicity may be especiadiijpable if cost shocks are serially correlated.

Cornand and Heinemann (2008) show that it is alwastser to provide public information
with highest possible precision and eventually Idse this information only to some fraction of all
agents than withholding public signals entiréliLlhe optimal degree of publicity may be smallemtha
one even if an increasing precision of fully puldignals has positive welfare effects. In particula
partial publicity may be optimal when public infaation is more precise than private signals. Thus,
the result survives Svensson’s (2006) critigue.nd& address the question, whether these results are
robust to limited levels of reasoning.

Let us solve the Cornand and Heinemann model forlewvels of reasoning. Again, the first

level of reasoning for a player who receives bagnals is given by the Bayesian expectatiorfaso
that the weight on the private signal with a filstel of reasoning isy, = S/(a + ) and the
corresponding action ia; = J;x; + (L= y;)y. The best response to this is
a =@A-nE (6 +rE (q))
=(1-nNE () + MIP(E (x)) + A-y)y) + A-P)E (x))]

® Myatt and Wallace (2008) extend the informatiomature to include correlated private signals. Tkapw
that in a Lucas-Phelps island economy all sigriadailsl be provided with the same correlation cogfit

1% Since there is a continuum of identical agents, fthction of agents who receive public informatequals P
almost certainly. Without loss of generality, ageintl [0, P] receive the public signal and agents (P,1] rely

on their private signals only. The signal y is “pcibin the sense that the actual realizationyas common
knowledge among agenis1[0, P] .

1 Baeriswyl and Cornand (2013) show that limiting ttlegree of publicity has the same welfare effasts
providing information to all agents with idiosynticanoise.

11



_aB@-rP)+B? « + a® +aBL+rP)
@+p? " (@+pr T
Hence, the weight on private signals for the sedewel of reasoning is
_apl-rP)+p°
@+p®

As Cornand and Heinemann (2008) have shown, thectag welfare for a degree of publicity

2

P is given by:

EW(a,8)) = —E{ [(a -6)di }

in(04)

=-E j(y& +(1—y)y—9)2di}—E{ (xi—H)zdi:l
Lio(o,P) io(P.1)

R S RO N I |

= P_y ,3+(1 ¥) a} @ P)IB,

where y is the weight that agents put on the private dighagents use equilibrium strategies, the

weight on the private signal is

J = B-rP)
a+p-rP)
and the resulting optimal degree of publicity is
P" =min LAV
3rpB
If, instead, agents use level-2 reasoning
+ 2 + 2p2
EW(a6)=-platA  *TPab__pl
(a+p) B

and expected welfare changes with variations irddgree of publicity? according to

EW)_ -1 _3p? apr’ 1

oP a+p @+p)°’ B
EW),o .. pcdth
oP J3pr
Thus, for level-2 reasoning the optimal degreeuddligity is

P () = min{l %}.

The optimal degree of publicity may be smaller thaeven if agents have limited levels of reasoning

In this respect, the qualitative result by Cornand Heinemann (2008) is robust. However, optimal

publicity is larger than in an economy where agame equilibrium strategies. Furthermore, for

12



P’ (y,) to be smaller than 1, we need 3 < J3r —1< 074. Thus, contrary to the result by Cornand

and Heinemann (2008), accounting for limited lewélreasoning makes the optimal degree of
publicity subject to Svensson’s (2006) critiquethalevel-2 reasoning, public information needs ¢o b
less precise than private information to obtainiraarior optimal degree of publicity. Thus, we can

state our third result.

Result 3: when agents have a level of reasonirdegfee 2 — the optimal degree of publicity may be
smaller than 1. In contrast to the conclusion fritra equilibrium analysis in Cornand and Heinemann
(2008), public information needs to be sufficieddgs precise than private information to justify

limited publicity.

6 — Welfare effects of transparency with policy intrventions and limited

levels of reasoning

James and Lawler (2011) show that opacity is alvemtsnal when the central bank simultaneously
releases a public signal and uses a policy instntifioe stabilization policy. The reason is that feib
policy and private actions are perfect substitinagsponding to the fundamental (shock). In theti
best solution, the sum of an agents’ private ardptliblic actioff should equal the expected state of
the world given this agent’s private and the gowent’s information. By disclosing its informatiom t
private agents, the government induces a distomigorivate actions towards this public signalthié
government would act after private agents, it cautdo the bias and transparency would have no
welfare effect. With simultaneous decisions, howevgrivate agents take the government’s
equilibrium action into account and deviate everhier from their private signals. Thereby, the sum
of both actions gets distorted away from the optimin order to avoid this, the government should
secretely respond to its information without disahg or signaling it to the private sector. Thigitois
robust to coordination being socially desirable andhe possibility of providing partially public
information (James and Lawler, 2012). As we forgnalow in this section, it also holds when private
agents choose actions with limited limited leveiseasoning. The conclusions by James and Lawler
just require that private responses to public digddfer from the social optimum, which is trueden

limited levels of reasoning of any degree except 1.
In their model, there is a policymaker and a cantin of private sector agents, indexedi by
and uniformly distributed over the unit intervalgénti chooses actior, LIR to maximize a utility

function:

12 actually, it is the difference, because Jameslamaler (2011) define private and policy actionshadpposite
signs.
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U =-(-1) (& -6-9)° -r (L -L)’
where @ is the fundamental state of the econoignys the policymakers’ instrument,is a constant,
1 _ —_ i
such that 0< r < 1, L EJ.O (aj —a,-)zdj , and L EL L,dj. Both the policymaker and agents are

uncertain about the true staePrior to deciding o, the policymaker observes a noisy signal

z=6+ @ with p~N(0, &)
The signal that the policymaker discloses to thaipus
y=6+ @+ & with £~N(0, 7).
Additionally to receiving the public signg) agents also observe their own idiosyncratic nsiggals:

X = 6+ g, with & ~N(0,0%), i0[01].

All noise terms are independent @fand independent of each other. James and Laséemse that

the policymaker follows the rule:

9=/

With such informational structure, private agemtgdectations are given by

(g, +07)x +oly
>

(0 +03)y+07x

E(6) = -

=E(x;) andE(2) = ,WhereX =07 +0, +0;.

The action of a level-1 player is

g, + U+ p)o; |, 0c+p(o; +0,)
5 s

a =E(6+9)= Y=/% 1LY

Note thatyl1 + y% =1+ p. The policy parametegr will turn out to be negative. The best response to

a,.1 (which is the action of a level-2 player) is:

a’ = (L-1)E(6+9) +IE (&)
=(1-NE @) +U-NE @ +T(KE X)) +12Y) =KX + 13V,

with

1 a; - po;
=t % P% (a;+a§>+a—r>pa§},
1_ Jf—pU? 2 2 2
y22=E 1—rT ol +(p+r)ol+po;|.

In this framework, expected welfare is given by
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EW(a,8)) = _ELJO (a -6-g)di |= —ELJ (2% +y2y-6-pzfd

1) 01)

= —E{ [ e +vitor - pof di | =~ 02 (2 = pPoi~(r)) 0

(01)

To derive the optimal communication strategy gittea optimal policy, we need to study the
sign of the derivative of the expected welfare wébpect tag;’ at the optimal stabilization poligy .
Inserting level-2 weights in the expected welfaraction and solving its first-order condition yisld
the optimal policy parameter
_Tlo;+r*(0, +07)0;
2o +ol)+riolo}

P =

The resulting expected welfare is given by

- 0502[22 +r2g?(o2 + J§)]
E(W(a7 9)) - [Zg(wa_z + 0_2) +r 2;.40.2J '
£ 17 'y

The derivative of this expression with respecti ¥ariance of public information is

deWw(a,6)) _ rlolo, (22 +r ZJ;‘)

>0.
do;

272 2 2 4 2|2
. [Z (o +0,)+r 0505]

This derivative is unambiguously positive, whiahdicates that the expected welfare increases
with rising variance of public information. As ime& original contribution by James and Lawler
(2011), optimal policy calls for the governmentregely responding to its information about the $hoc

by its policy variable. Without any public infornma, private agents are left to respond to their
private signals only. Recall thzytil + y;+ | ©|=1. The optimal response of the government equals the

relative precision of its information compared he fprecision of private signals, while private agen

respond to their signals with a factor that equhks relative precision of their signals. In effect,
a —g=E(@|x,2), which is the the optimal response to a privaenég available information that

a social planner would implement.

Result 4: As in James and Lawler (2011), socialfavelis unambiguously decreasing with rising

precision of public signals when agents have lichiexvels of reasoning of degree 2.

7 — Conclusion

The literature in the vein of Morris and Shin (2D®&s largely been interpreted in terms of central

bank communication. This literature concentrates distussing welfare effects of central bank
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announcements using equilibrium theory. Experimestech as Nagel (1995) or Cornand and
Heinemann (2013) indicate that actual behavioraaubty contest games can be better described by
level-2 reasoning. Under limited levels of reasgnisubjects attach smaller weights to public
information than in equilibrium. This at least reda negative welfare effects of public informatibn.
stark contrast to equilibrium analyses, we find thavhen agents have a level of reasoning of degjree
— increasing the precision of public informationalsvays raising welfare and even partial publicity
can improve welfare only if public signals are |psscise than private information.

In summation, negative welfare effects of transpeye require that strategic
complementarities be sufficiently strong, the prévaalues of coordination be sufficiently highearnh
the social value of coordination, signals provitgdthe central bank be of a low precision compared
to private information, and agents apply high lewal reasoning. If any of these conditions is \tiedga
it is unlikely that transparency will be detrimenta social welfare. Empirical evidence indicatkatt
at least some of these conditions are violated.sTiwe conclude that strategic complementarities
alone do not justify intransparency.

Conclusions are different if the policy maker caket actions that are perfect substitutes to
private actions. Then, the policymaker should redpm its own information as secretely as possible

and avoid disclosing or signalling its informatinthe public.
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Appendix

A. Derivative of expected welfare with respect to th@recision of the public signal

for level-3 reasoning without coordination enteringwelfare
The expected welfare is increasing with rissng and only if
[1+ 2+ r)s+ @+r +r®)s’P (+9) + 2+ - 2rs— r’s—rs” — 1’8’| [-1S—-2r°S” +1S° + 1’S’ +5+25° +5°] >,

wheres= S/ a.

Proof:
We have:
_—y_a-p°
E(W) S5 a
_(a+p)-ra*-r(+r)ap

& @+ B’ 3
1-y, = a’+@2+r)af+ @+r@+r))5° o

’ (@+p) '
0y _(a+P)2a+p) -2ra-r@+n)BlA-3(a+p) —ra’ -r@+r)aplp
da (@+p) |

ReplacingSbya s, we obtain:

Vs _ @+9)?*-r—(r+r’)s

B a(l+s)’
1=y, _1+(2+1)s+ (L+r +r°)s®
a a(@l+s)®
0y, _ @+s)[2A+s)—-2r —r(d+ ngs—3(s+ s)’-r-rl+ngs

da a@+s)’

_rs+2r%" —rs* -1’8’ +s5-25* - ¢°
a@d+s)’

We can then calculate the derivative of the exmkutelfare with respect ta, as a function ofr, s

andr:
EW _ (- [2y_2a-p)]dy
oa a’ Jij a |oa
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_ [+ @2+ n)s+@+r+r)sT? _o (@+95)°-r-rs—r’s—[l+ 2+ s+ @+r+r?s] dy

a®(L+s)°

a@d+s)’ oa

1 [1+ 2+ r)s+ @+r +r?)s*P(L+8) +2[-r - 2rs - r’s—rs* — r’S?] ?

a?(@+9)" | [-rs - 2r?s? +r1s° + 12s* + s+ 257 + %]

B. Derivatives of expected welfare with respect to thgrecisions of private and

public information for level-2 reasoning with coordnation entering welfare

The expected welfare is always increasing in tleeipron of public informatiomr. It is increasing in

the precision of private informatighif and only if

@A+r)A+s)1-r+s]*-2r[L-r +s+rs]* >0,

wheres= S/ a.

Proof:
We have:

ewy =~y _@-na-p*

B a

), AL+

©@+p

_y, =9 *@+n)ap

’ (a+p)?

oy, _(a+p)BL-1)-2[aBl-r)+[°]
oa (a+p) '
oy, _ (@+p)la@-r)+28] -2[aBl-r)+ ] .
B (a+p)
Replacings by a s:
Y2 _ 1-r+s

B a@+9)?’

1-y, _1+s+rs

a a(@+s)?’

0y, _ @+ 9s@-r)-2[s@-r)+s°] _ -s"(L+r)-sl-r)

oa a@d+s)’ a@d+s)’

0y, _ @+s)1-r +25] - 2[s(L-r) + 7] _1-r+s+rs

L) al+s)’ a@d+s)?

We can then calculate the derivatives of the exgakatelfare with respect t@ andg, as functions of

a, sandr:
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2

OEW _ (1-r)(L-p)? _{2(1+ Ny 2@- r)(l—y)}ﬂ

oa a 4 a oa
:(1—r)[1+s+rs]2+ [@+r)@-r+9)- (1—r)(1+s+rs)][ﬂs @+r)+s@-r)
a’(L+9)* a’(L+9)°
m[a [)A+ )L+ S+15]2 - 2[(1+r)(L—T +8) — L-r )L+ S+ 1S)] (S (@L+1) +s0-1)]]
T[(l )L+ s)[L+s+rs]®+2r[l-r +s+rs] s (L+r1) +s@- r)]]>0
OEW) _ (L+1)y° _{2(1+ Ny 2(1—r)(1—y)}ﬂ
B B’ B a 0B
:(1+r)[1—r+s]2_2[(1+r)(1—r+s)—(1—r)(1+s+rs)][ﬂ1—r+s+rs]
a’(L+9)* a’(L+s)°
:(1+r)[1—r+s]2_2[(1+r)(1—r+s)—(1—r)(1+s+rs)][ﬂ1—r+s+rs]
a’(L+9)* a’(L+s)°
—T[(1+r)(1+s)[1 r+8j2-2[A+1)A-r +8) ~ A=)+ S+TS)] (L-T + S+ ]
=mm+r)(l+s)[l—r +s]2—2r[1—r+s+rs]2].

C. Limited levels of reasoning in the lab (Cornand andHeinemann, 2013)

Table A summarizes the weights on the private $igmaincreasing levels of reasoning and the
equilibrium weight on the private signal for diféet values of. It also provides average observed
weights (for the last half of rounds) in the exp@int by Cornand and Heinemann (2013).

Value ofr Levell Level2 Level3 Level4  Average observed Equilibrium weight

weight (infinite levels of reasoning)
0 0.50 0.50 0.50 0.50 ..0.506 0.50
0.25 0.50 0.437 0.429 0.429 .0.478 0.429
0.5 0.50 0.375 0.344 0.336 ..0.440 0.333
0.75 0.50 0.312 0.242 0.216 .0.341 0.2
1 0.50 0.25 0.125 0.062 ..0.242 0

Table A — Theoretical and observed weightxotlepending om and on the level of reasoning

For interior values of, most estimated weights on private signals arsecto or above the weights
given by level-2 reasonindn treatments withr=0.5 andr=0.25, weights on the private signal are
usually higher than the weights from level-2 reasgnThe hypothesis that weights equal those from
level-2 reasoning is rejected in these treatméntthe treatment with=0.75, weights are distributed

around the weight from level 2. Higher levels can rejected by one-sided tests at 5%. In the
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treatment withr=1, the weights tend to converge towards equiliarisven though convergence is not
settled within ten rounds.These inhomogeneous test results indicate thaestgjmight behave in

accordance to higher levels of reasoning with iasiag r’ (Cornand and Heinemann 2013, p. 16)

D. Welfare effects of public information with heterogeneous strategies

The theoretical analysis in the main text assurhes$ all agents employ the same strategy. The
experiment by Cornand and Heinemann (2013), howegeeals that subjects do not converge to one
strategy, but rather employ different strategigsubhout the experiment. In particular, some subjec
strategies are close to equilibrium or put an avigher weight on public signals. Such a mixture of
strategies may result in public information redgcaxpected welfare. This depends on the share of
agents employing these different strategies. T¢ wih welfare effects under heterogeneity, we use

the data of Cornand and Heinemann (2013) and astimdividual weights on the private signal for
each subject according @, —Y, =C+ ). (X, —V,) +U,, where J; is the individual weight on the

private signal. Then, we distinguish the followihg strategy types, allowing for a slack in estirdate
individual weights of 0.02:
1. agents attach about the same weight to both sidleals-1),
agents weigh signals in accord with level-2,
agents weigh signals in accord with level-3,
agents respond to signals with equilibrium weidtegel infinity),
agents attach weight 0 to the private signal,
agents attach weight 1 to the private signal,
agents attach weights between level 1 and 2,

agents attach weights between level 2 and 3,

© ©® N o gk~ wDd

agents attach weights between level 3 and equitibriveight,

[EnY
o

. agents put weights on the private signal betwegmdd 1,

[EnY
=

. agents attach weights on the private signal betWessmd the equilibrium weight,

=
N

. agents whose weights on the private signal aretivegar exceed 1,

In a level-of-reasoning approach, strategies ané,10 — 12 are attributed to random behavior
(level 0). However, we find very different densstief these strategies. Therefore, we distinguismth
Shares of strategy types in the population are téeinoy @, to @,,. To get estimates for these shares,
we first look for each individual weight, whethércould be explained by either of strategies 1 to 6
allowing for a deviation of estimated weights byraist 0.02. If an action is consistent with sevefal
these strategies, we attribute it to the stratégy ts closer. Remaining strategies can be uniquely
attributed to either of the remaining types. Fguety 7 to 11, we assume that weights have a uniform

distribution in the respective interval. For typg tve use the actually observed weights.
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For our welfare comparison, we take the distributad strategy types estimated with data
from the second half of each treatment. Accordmgur procedure on classifying strategies, we get
one distribution for each treatment laid out in [Eah.

Strategys 1 2 3 4 5 6 7 8 9 10 11 12
Treatment=0.25 40.6 9.4 0 6.3 0 0 125 0 21.9 9.4 0
Treatment=0.5 26.0 8.3 6.3 3.1 1.0 0 24.0 0 17.7 135 0
(standard sessions)

Treatment=0.5 396 104 31 21 2.1 0 16.7 0 0 19.8 52.01
(control sessions)

Treatmentr=0.75

o o

21.9 8.3 21 31 125 0 21.9 3.1 1.0 135151 1.0

Table A — Shareg; of strategy types in Treatmemts0.5,r=0.25, and=0.75, second half, in percent.
There were two subjects, whose estimated weightsprivate signals in the respective
treatments were outside [0,1]: Session 20, Sulijedtas an estimated weight on the private signal of
1.04, Session 13, Subject 16 has a weight of -0.05.
Next, we calculate algebraically the expected sspiadeviation of actions from the

fundamental stat@ for an arbitrary weigh on private signals

E(yx + -y -6F =Elye, + - ) =2 + 0

B a
Note that for strategy 1y, = S/(a + [5) , while for level-2 players,
y, = apd-r)+p’
o (a+B)?

For level 3 players,

i B _la+pf-ra*-r@+nap
For equilibrium players,
Y T arpl-r)

Expected welfare loss is now given by

3 2 _ 2 *2 _/\2 n 2 _ 2
Z(DS(&+MJ+¢4(V_+MJ+¢5£+¢GE+ (D7 I(y__l_(l y) de
s=1 B a B a a B ViV, Vo B a

v P T(V_ﬂ(l-yf)dw %*T(y_ﬂa—yfjdw Py j(y_ﬁa—yf]dy

Ya=Vs,, B a vs=Vy B a 1_yly1 B a
+¢_}1VJ(V_2+ (1—y)2)dy+q,n(yiz+ (1—y12>2}
YV % :3 a ,3 a

where y,, is the actually observed weight for the subjecttygfe 12. Solving the integrals, the

expected welfare loss equals
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§¢S{§+“‘Vs)2j+¢(ﬁ L @- y)j 205, P, P [ﬁ—yi_(l—yl)3—(1—y2)3}+

per} a a a B n-v.| 3B 3a
T B 7l A Sl 79 i Sl 2 M PPN D 7l A A i e DN
V>"Vs| 3B 3a .=V | 3B 3a

-y, A=p)° V_*3+(1—V*)3—1 ‘o Vo, A= y)°
1o y1 38 3a 38 3a B a |

13 2 (1_ys)2 o [A-y)? b, @, }/13_1/5_(]-_yl)g_(l_yz)3
_E{qus(ys +Tﬁ]+¢4(y + j+a’/,8+q)6+ [

s=1 alp n=r. 3 3alp
PP 7t A S 29 Mk St 2 M I B e A St D il S DN
Vo—Vs| 3 3alpB .=y | 3 3alp

4+ P {1 v, 4% } *{y_*s+(1—y*)3—1}+¢12(y122+(1—y12)zj}_
1-y,| 3 3alp y |3 3alp alp

We calculate the expected welfare loss accordirtgisoformula for several values of 0.5 andw/f

and check in which cases an increas#/fivaises or lowers the welfare loss. Calculatiorspaovided

in the online appendix http://www.macroeconomics.tu-berlin.de/fileadmiri/#4/heinemann/

downloads/welfare_under_LLR.xBnd show that increasing the precision of pubiforimation,a,

raises expected welfare for each of the four dhistrons of strategies. Looking closer at these
simulations, we found that this result is mainlyeda the large proportion of players who put wesght
on the private signal that are lower than in efyiilim or higher than for level 1 (strategy type$5,

and 10 — 12). If we remove those agents and just Bt remaining strategy types keeping their

relative shares in the population

fgeze)

we detect negative welfare effects of increasingcision of public signals for some parameter
combinations withlr > 0.75 angb/a > 20. This result also holds for each of the fdistributions and it

would still hold, if the proportion of equilibriumplayers is much smaller.
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