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Abstract
Cheap talk is shown to facilitate coordination on the unique efﬁcient equilibrium in experimental
order-statistic games. This result is roughly consistent with theoretical predictions according to which
cheap talk promotes efﬁcient Nash play. The evidence concerning the mechanisms that theory appeals
to is mixed: Frequent agreement of messages and actions is consistent with messages being viewed
as self-committing. Risk in the underlying game and the absence of self-signaling messages may
explain why message proﬁles are not unanimous. Time-varying message proﬁles can be interpreted
as evidence for players trying to negotiate equilibria and/or trying to rely on secret handshakes.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction
We experimentally investigate the effects of costless pre-play communication, or cheap
talk, in symmetric coordination games of the stag hunt variety [11–15]. Van Huyck, Battalio,
and Beil (VHBB) [33,34] demonstrate that in so-called Minimum and Median games with
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multiple Pareto-ranked equilibria, the Pareto-efﬁcient equilibria need not be selected, and
in fact typically are not selected [7, Chapter 7.4]. Taking as the point of departure a Minimum game explored in VHBB [33], Berninghaus and Ehrhart [3] demonstrate the crucial
importance of the frequency of play for these results. Building on a Median game design
in VHBB [34], Van Huyck et al. [36] show that a dramatically reﬁned action space allows
cohorts of size 7 to creep toward efﬁciency in some cases. These two papers suggest that
the consequence of the reduced opportunity cost of experimentation that is the by-product
of the increased number of plays in the ﬁrst case and the reﬁned action space in the second
case can facilitate, but not guarantee, “tacit coordination”.
VHBB [35] show that adding a pre-play auction each round enables experimental participants to coordinate on the Pareto-efﬁcient equilibrium. Crawford and Broseta [16] provide
a model of the efﬁciency-enhancing effects of the pre-play auctions in VHBB [35]. They
point out that these auctions are a costly form of pre-play communication, or signaling,
that draws on the power of forward induction. Building also on the Median game results in
VHBB [34], Cachon and Camerer [6] show that asking participants to pay a ﬁxed price for
participation also enables participants to coordinate on the Pareto-efﬁcient equilibrium. The
VHBB [35] result, and the Crawford and Broseta [16] explanation of this result, suggest
that the price of the right to play serves as another means of “tacit communication” that
allows participants to eliminate equilibria with payoffs lower than that price, and thus to
reduce the strategic uncertainty resulting from the multiplicity of equilibria. The Cachon–
Camerer results suggest a role for both forward induction and loss avoidance. Devetag [18]
establishes, for critical mass games that are closely related to the games under consideration
here, the importance of the degree of information feedback.
In the experiments summarized above the signal is both tacit and costly. Costless signaling in coordination games has been investigated by Cooper, De Jong, Forsythe, and
Ross (CDFR) [10]. They focus on two-player games with two Pareto-ranked equilibria and
study one-sided as well as two-sided pre-play communication. They ﬁnd that cheap talk
has the potential to increase both the incidence of equilibrium play and the frequency of the
efﬁcient equilibrium being reached. For a two-by-two game with tension between Pareto
efﬁciency and risk dominance, they ﬁnd that one-sided communication somewhat increases
the frequency of the efﬁcient equilibrium being reached whereas two-sided communication guarantees efﬁciency. 1 The results in VHBB [33], however, suggest that the results
of two-player games may be very different from those that involve more than two players,
although much of this seems to be driven by the matching protocol used (e.g., [33,9]).
It is well known that the addition of a cheap-talk stage to a game does not eliminate any
equilibrium outcomes of the original game. After all, the cheap-talk announcements can
simply be ignored. This argument does not accord well with our intuition for these games.
Farrell [20] suggests a rationale for cheap talk’s apparent effects. According to him, if the
players’ pre-play announcements constitute a Nash equilibrium, this equilibrium becomes
a focal point that entices players to follow their announced plans. Subsequent theoretical
1 Charness [8], Clark et al. [9] and Duffy and Feltovich [19] have recently re-examined similar games with
somewhat different designs. Charness ﬁnds a stronger, and Clark et al. a weaker efﬁciency-enhancing role for
pre-play communication. Duffy and Feltovich show that the effectiveness of pre-play communication is a function
of the game. All agree that communication affects play.
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work, extensively discussed in Section 3 below, has provided additional arguments for the
role of cheap talk (e.g., evolutionary ones), but also noted possible countervailing forces
such as risk in the underlying game or the absence of self-signaling messages, i.e. messages
the sender wants to send if and only if they are true (see [1,21]).
In the following we investigate these theoretical considerations by combining the experimental frameworks of VHBB [33,34] and CDFR [10]. In particular, we ask whether costless
pre-play communication with a priori meaningful messages by all players is effective in
coordination games with more than two players.
The paper is organized as follows: Section 2 describes the experimental design and
implementation of our experimental sessions, while Section 3 reviews the theory for games
with pre-play communication that is relevant for our experiments. In Section 4 we report
the results of the experimental sessions and discuss them in light of the theory. Section 5
concludes.
2. Experimental design and implementation
Following the advice of Davis and Holt [17, p. 520] not to change too many things at
once, we employed the key earnings tables in VHBB [34,33] to facilitate comparison with
previous experimental results. We also replicated their results in “baseline treatments” to
establish that our results in the pre-play treatments were not driven by experimenter effects,
subject pool effects, or other experimental artifacts.
The coordination games represented by the two earnings tables in Table 1 (ETMe) and
Table 2 (ETMin), involve two or more players who choose among seven actions, or efforts,
with the labeling being typically such that the higher effort (which in equilibrium leads
to higher payoffs) is labeled with the higher number. This labeling establishes the a priori
meaning of the action labels relevant for some of the theoretical considerations. The generating functions underlying the earnings tables are similar albeit not the same. 2 Speciﬁcally,
earnings losses resulting from deviations from the relevant order statistic are nonlinear, and
increasing (asymmetrically) in the degree of deviation, for the Median game, while they
are linear for the Minimum game. 3 Importantly, both types of coordination games have the
same set of seven symmetric, Pareto-ranked, pure strategy equilibria on the main diagonal.
Clearly, the highest Pareto-ranked equilibrium is located in the upper left corner in both
payoff tables and requires each player’s highest effort.
2 The generating function for ETMe is (e , Me) = ae − b((e − Me + 1)2 − 1) + c, with a = $.1, b = $.05,
i
i
i
and c = $.6; Me denotes the median of all choices and ei denotes player i’s choice, with i = 1, . . . , 9. The
generating function for ETMin is (ei , e−i ) = a(Min(ei , e−i )) − bei + c, with a = $.2, b = $.1, c = $.6; e−i
denotes all actions except that of the ith player, again with i = 1, . . . , 9.
3 The coordination games represented in ETMe and ETMin derive their names, “Median game”, and “Minimum
game”, respectively, from the order statistics employed rather than the speciﬁc parameterization. The fact that
both the order statistic and the speciﬁc parameterization were different in VHBB [33,34] is a potential confound.
Clearly, an alternative route to go would be to apply both order statistics investigated here to one or the other
parameterization. That is, we could have made ETMe into a Minimum game and ETMin into a Median game. For
reasons of better comparability, we followed the precedent set in the literature. Doing so is arguably a tougher test
of the effects of pre-play communication, as it is the higher penalties for deviations in the earnings table underlying
the Median case that produced the initial distribution of actions. More on this later.
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Table 1
Earnings table for Median game (ETMe)
Median value of X chosen
Your choice of X

7
1.30
1.25
1.10
0.85
0.50
0.05
−0.50

7
6
5
4
3
2
1

6
1.15
1.20
1.15
1.00
0.75
0.40
−0.05

5
0.90
1.05
1.10
1.05
0.90
0.65
0.30

4
0.55
0.80
0.95
1.00
0.95
0.80
0.55

3
0.10
0.45
0.70
0.85
0.90
0.85
0.70

2
−0.45
0.00
0.35
0.60
0.75
0.80
0.75

1
−1.10
−0.55
−0.10
0.25
0.50
0.65
0.70

4
0.70
0.80
0.90
1.00

3
0.50
0.60
0.70
0.80
0.90

2
0.30
0.40
0.50
0.60
0.70
0.80

1
0.10
0.20
0.30
0.40
0.50
0.60
0.70

Table 2
Earnings table for Minimum game (ETMin)
Smallest value of X chosen
Your choice of X

7
6
5
4
3
2
1

7
1.30

6
1.10
1.20

5
0.90
1.00
1.10

Table 3
Design matrix: treatments

Median (Me) sessions
Minimum (Min) sessions

Baseline (w/o)

Pre-play (w/)

8
B1Me–B8Me
4
B1Min–B4Min

8
M1Me–M8Me
8
M1Min–M8Min

A total of 28 sessions were conducted that were distributed across the four treatments as
detailed in Table 3.
Baseline sessions, labeled B1Me through B8Me, and B1Min through B4Min, consisted
of 8 action stages each. 4 Pre-play sessions, labeled M1Me through M8Me, and M1Min
through M8Min, consisted of 8 action stages each and a message stage preceding each of the
action stages. 5 In a message stage, every participant entered the choice “he or she wishes
4 The imbalance in the number of baseline sessions was a deliberate choice. Minimum game results without
pre-play communication have been documented to be extremely robust. There was ex ante, and there is ex post,
no good reason to run more sessions. In contrast, Median game results are less robust (e.g., [34,6]).
5 Median sessions employed either earnings table ETMe or ETMe*; both earnings tables are identical except
that ETMe has the Pareto-dominant equilibrium in the upper left corner while ETMe* has it in the lower right.
ETMe* was employed to counteract the possibility of the game design becoming known on campus, a possibility
that is small but real at a residential college (see implementation discussion below).
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to send.” The instructions continued as follows: “Messages you may choose are 1, 2, 3, 4,
5, 6, 7. You may choose a message to indicate the value (action) that you plan to choose
in the action stage.” No explicit mapping between messages and actions was provided
but clearly the meaning of a message was suggestive. The distribution of messages was
communicated to participants via screen display. 6 Subsequently subjects were prompted
for their action choices as in the baseline treatment. Subjects received information about
their payoffs and the realized value of the order statistic but received no other information
about the distribution of actions. They were informed about payoffs after each round.
Following VHBB [34], but somewhat deviating from VHBB [33] 7 , we employed nine
participants per session, for a total of 9 × 28 = 252 subjects. These subjects were asked
repeatedly to make choices among the seven actions that were available to them. For each
round, participants’ payoffs were determined by their own choices and the relevant order
statistic of all subjects’ choices in their session. Instructions, adopted from VHBB [34,33],
made participants familiar with the experimental setting and made it common information.
A questionnaire ensured that participants knew how to read the earnings table and how to
compute a median.
All Median sessions were conducted at Bowdoin College, a selective residential liberal
arts college in Maine whose population is more homogeneous (age, race) than the average
US college. All Minimum sessions were conducted at the University of Pittsburgh. 8 In
both cases subjects were recruited via e-mail. Once they arrived they were seated. The
experimenter then read the instructions aloud.
All sessions were conducted in a computerized environment that made record keeping in
principle unnecessary. However, we asked participants to keep record sheets and to record
their own choices, the median or minimum choices, and their per-round and total earnings.
The eight rounds reported here took—including the instructions—about half an hour per
session.

3. Theoretical considerations
In this section, we brieﬂy review the theory for signaling intentions in cheap-talk games
and relate it to our experimental design in order to prepare for the discussion of experimental
results in the following section.
6 The communication was non-graphical and simply stated, for i = 1, . . . , 7, “Number of players who sent
message i: _.” Selected screenshots, including the one illustrating this communication screen, are available from
the corresponding author and at http://home.cerge-ei.cz/ortmann/instructions.html
7 VHBB [33] employ larger groups. Since strategic uncertainty is positively related to group size (as VHBB
[33] show), we chose the same number of participants in both games to reduce the number of possible confounds.
8 The location choices were forced on us. We ran the Median experiments ﬁrst at Bowdoin College where the

second author was then teaching. When, prompted by an associate editor and a referee for this journal, we decided
to run the Minimum experiments, the second author had already moved on to an institution in Europe and running a
new set of experiments at Bowdoin College was not an option. We hence decided to run the Minimum experiments
at the University of Pittsburgh. While there is the possibility that subject pool and experimenter effects inﬂuence
results, our baseline results, which replicate the qualitative results from earlier experiments, suggest strongly that
such effects play a negligible role if any.
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As Luce and Raiffa [27, p. 172] point out, “... the equilibrium notion does not serve
in general as a guide to action.” Therefore Nash equilibria are frequently viewed as selfenforcing agreements (e.g. [29, p. 106] or [26, p. 411]). One envisions that players meet
before the game to engage in pre-play communication. For any agreement emerging from
such a meeting to be stable, it will have to be a Nash equilibrium. Furthermore, some have
expressed the belief that agents will negotiate efﬁcient agreements. This suggests two central
conjectures concerning the role of pre-play communication: (1) Pre-play communication
promotes Nash equilibrium play. (2) Pre-play communication promotes Pareto-efﬁcient
Nash equilibrium play.
In our games, with multiple Pareto-ranked equilibria, the ﬁrst conjecture in isolation
can be viewed as suggesting that pre-play communication reduces the variance of play in
the ﬁrst round. The second conjecture suggests that in either game we expect play to be
concentrated near the unique efﬁcient equilibrium.
Theoretical support for both of these conjectures, however, is mixed. Consider a communication game consisting of a ﬁnite simultaneous-move game, the base game (e.g., our
Median or Minimum game), preceded by a number of rounds of communication. This mere
conversion of the base game into a communication game does not establish either of the
two conjectured roles for communication. Instead of strategic uncertainty in the base game,
players now face strategic uncertainty in the communication game. Communication does
not automatically lead to equilibrium selection, as all equilibria of the base game can be
recovered as equilibria in the communication game in which communication is simply
ignored.
Some have made the argument that communication should be effective when there are
credible messages (see e.g., [21]). This line of reasoning invokes the existence of a natural
language whose meanings are understood and hence seems applicable to our experimental
design (recall that messages in our design have a natural association with actions). Consider
the case where just one player communicates. Then one possible standard for the credibility
of a declaration of intent is that it be self-committing: The sender must have an incentive to
conform with his declaration if he expects it to be believed. Thus, a message announcing
to play a strategy that is part of a strict Nash equilibrium would be credible. Moreover,
the talking player can induce his preferred Nash equilibrium. In this case communication
would induce an efﬁcient Nash equilibrium, conﬁrming both of the above conjectures.
This positive conclusion can be challenged on several grounds, which we will argue
below are relevant to the games we consider. One famous challenge by Aumann [1] seeks
to strengthen the credibility standard. It poses that for a message to be credible, it has to be
self-signaling: The sender wants it to be believed if and only if he is truthful. In other words,
it should not be possible for a receiver of a message to respond to the sender, “You would
have said that anyway.” In a game in which the sender’s preferences over his opponent’s
actions are independent of his own planned action choice, no self-signaling message exists.
Hence, according to this argument, in such a game there is no role for communication to
promote Nash equilibria, let alone efﬁcient ones.
A second challenge (see [4]) points out the role of risk in the underlying game. Communication may reduce but not entirely remove strategic uncertainty in the base game. Then
the force of self-commitment seems diminished if there is a safer alternative strategy. The
riskier an equilibrium is in the base game, the heavier is the burden on communication
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to reassure the listener of the speaker’s intent and to reassure the speaker himself of the
effectiveness of his communication. 9
A third challenge might note the role of the communication protocol, i.e. the number
of players who are communicating, the order in which they talk and the frequency with
which they talk. Although the self-commitment and self-signaling notions retain an intuitive
appeal, the deﬁnitions for the case with one player communicating do not directly apply to
alternative communication protocols. With multiple players talking (as in our design), the
credibility of a message has to be judged in the context of other messages. For example,
with a large number of players sending simultaneous messages, a player’s proposal to play
a particular Nash equilibrium is hardly credible if all other players agree on an alternative
equilibrium. Perhaps one should try to deﬁne credibility for message proﬁles, rather than
for individual messages. It is not even clear, however, what interpretation, if any, to give
to a heterogeneous message proﬁle. While a unanimous proﬁle may have meaning and be
credible, both the meaning and credibility of a heterogeneous message proﬁle may be in
doubt.
Multiple communication rounds preceding the base game may provide the opportunity
to repeatedly try to achieve unanimity and thus to negotiate Nash equilibria as in Farrell
[20], Rabin [30] and Jamison [24]. On the other hand, if communication alternates with
play (as in our design), i.e., the communication game is repeated, there is the possibility
that message meanings degrade. One cannot be sure that a priori meanings remain stable
after histories in which actions have not conformed with messages.
On the positive side, repetition of the communication game may provide opportunities
for learning and for abandoning unsuccessful message proﬁles: According to the secret
handshake argument (e.g., [31]) that is frequently invoked in the evolutionary literature on
pre-play communication in games (e.g., [28,37,25,23,4]), players can costlessly adjust their
play after unsent messages and start sending those messages when it becomes advantageous.
In a large class of games this leads to selection of efﬁcient Nash equilibria, which would be in
line with both of the conjectures stated above. Kim and Sobel [25] consider a simple dynamic
process of strategy adjustment, and show that in two-player common interest games there
is a unique stable outcome, which is efﬁcient. Hurkens [23] shows for any ﬁnite number
of players that if the underlying game has a strict equilibrium that gives all communicating
players their highest payoffs, and if messages are distinguished by negligibly small message
costs, then the communication game has a unique curb (closed under rational behavior)
retract [2] and all strategies in this retract support the efﬁcient equilibrium. Blume [4]
obtains a similar result without message costs by assuming that messages have some a
priori information content (AIC). AIC formalizes the idea that if all players communicate
and their messages express unanimity about an equilibrium, then this equilibrium becomes
slightly more attractive for the communicating players.
Our design lets us look at a number of these issues. The Minimum game appears to be
more sensitive to strategic uncertainty than the Median game. The highest action (ranked
in terms of payoffs of the corresponding strict Nash equilibria) carries more risk in the
Minimum game than in the Median game by a variety of measures. For example, in the
9 Burton and Sefton [5] experimentally investigate the role of risk in communication games with a unique
equilibrium in the base game.
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Minimum game a deviation of a single player from the efﬁcient Nash equilibrium causes
all players to wish they had deviated themselves, whereas in the Median game a single
deviation from the efﬁcient Nash equilibrium leaves the median unaltered. The maximin
action in the Minimum game corresponds to the strict Nash equilibrium with the lowest
payoff, whereas in the Median game it corresponds to the third lowest payoff. Increasing
heterogeneity in the action proﬁle lowers the minimum action without necessarily affecting
the median. Thus, if we think of the variance of action proﬁles as a measure of strategic
uncertainty, increasing strategic uncertainty tends to promote use of the minimal action in
the Minimum game whereas in the Median game there is no such effect.
Leaving aside the issue of how to precisely deﬁne self-signaling messages with multiple
communicating players, there is a sense in which messages are self-signaling in the Median
game, and not in the Minimum game. In the Minimum game, each player (weakly) prefers
that the other players raise their actions. In particular, regardless of his intended play, say
action 4, a player is willing to send message 7, if he believes that this message will induce
all other players to take action 7. In contrast, in the Median game, a player intent on using
action 4 is willing to send message 5 but not message 7, if he believes his message to decide
the median action. In this sense, we will say that there are self-signaling messages in the
Median game, and not in the Minimum game.
Despite the fact that there are self-signaling messages in the Median game, it does not
follow that we should expect the unique efﬁcient Nash equilibrium to be played in the
one-shot version of the communication game. The reason is the strategic uncertainty in the
communication game and the difﬁculty of interpreting heterogeneous message proﬁles. A
player who expects that a message proﬁle will induce a median below the maximum may
well wish to send a message that reinforces that belief rather than to increase uncertainty
by sending a message that would signal his intent to take the maximal action. 10
Finally, repetition of the communication game permits us to look for evidence of secret
handshakes that would promote efﬁcient equilibrium selection or degradation of meanings,
which might have a negative effect on communication outcomes.

4. Experimental results
In this section, we report our experimental results and use them to reﬂect on the theory
and vice versa. We begin by describing aggregate behavior for the four treatments across
time. We then take a more detailed look at ﬁrst-round play, terminal play, the dynamics of
actions, message-action associations, and the dynamics of messages.
Figs. 1 and 2 compare choices in all baseline and pre-play Median and Minimum sessions,
respectively. For each treatment, the ﬁgures display the average and median choice of actions
(messages) in each round aggregated across sessions.
The results in the left panels of Figs. 1 and 2 are fully in line with results reported in
the literature (e.g., [34,6,33]). Across all baseline sessions of the Median game the median
action was 5 in the ﬁrst round (with more than 60 percent of the action choices being either
10 This is reminiscent of the observation that players may use messages to secure a payoff rather than to promote
efﬁciency (e.g., [5]).
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7

8

median action
median message

Fig. 1. Comparison of baseline vs. pre-play Median sessions—all data.

Minimum sessions:
B1Min - B4Min (w/o)

Minimum sessions:
M1Min - M8Min (w/)
8

7

7

6

6

5

5

Actions

Actions
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4
3

4
3

2
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1

1

0

0
1

2

3

average action

4
5
Rounds

6

7

8

median action

1

2

3

4
5
Rounds

average action
average message

6

7

8

median action
median message

Fig. 2. Comparison of baseline vs. pre-play Minimum sessions—all data.

4, 5, or 6); median choices set a strong precedent for the following rounds. Slightly less than
30 percent of our subjects chose the action associated with the Pareto-efﬁcient equilibrium
in the ﬁrst round. In contrast, in the baseline Minimum sessions about 80 percent of our
subjects chose the action associated with the Pareto-efﬁcient equilibrium in the ﬁrst round.
In three of the four sessions, however, one of the participants chose the action inducing the
worst of the Pareto-ranked equilibria, setting in motion a swift change in the distribution of
actions in the following round(s). In the communication sessions overall we see a higher
incidence of efﬁcient play in both the Median and Minimum games, as shown in the right
panels of Figs. 1 and 2. This is further conﬁrmed by the average payoffs per sessions that
are reported in Tables 4 and 5.
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Table 4
Participants’ earnings in Median sessionsa
Session

B1Me

B2Me

B3Me

B4Me

B5Me

B6Me

B7Me

B8Me

Earnings table
Avg. earnings
Max. earnings
Min. earnings
Session
Earnings table
Avg. earnings
Max. earnings
Min. earnings

ETMe
10.04
10.40
8.90
M1Me
ETMe
10.40
10.40
10.40

ETMe
8.65
8.75
8.45
M2Me
ETMe
10.39
10.40
10.35

ETMe
10.21
10.40
9.50
M3Me
ETMe
10.01
10.40
8.70

ETMe
9.28
9.50
8.90
M4Me
ETMe
9.36
9.80
7.00

ETMe
7.78
8.00
7.15
M5Me
ETMe
10.19
10.40
9.30

ETMe
9.06
9.40
8.10
M6Me
ETMe
9.89
10.40
8.20

ETMe*
7.57
8.00
6.65
M7Me
ETMe*
10.23
10.40
9.15

ETMe*
7.49
7.95
6.60
M8Me
ETMe*
7.49
8.05
6.05

a ETMe or ETMe* are identical earnings tables, except that ETMe has the Pareto-dominant equilibrium in the
upper left corner while ETMe* has it in the lower right. For details see footnote 6.

Table 5
Participants’ earnings in Minimum sessions
Session

B1Min

B2Min

B3Min

B4Min

Earnings table
Avg. earnings
Max. earnings
Min. earnings
Session
Earnings table
Avg. earnings
Max. earnings
Min. earnings

ETMin
4.90
6.10
3.20
M1Min
ETMin
8.81
9.40
8.40

ETMin
4.24
5.50
3.20
M2Min
ETMin
9.48
9.90
9.40

ETMin
4.37
5.20
3.80
M3Min
ETMin
7.26
7.70
6.70

ETMin
4.23
5.60
3.10
M4Min
ETMin
4.72
5.70
3.80

M5Min
ETMin
7.79
8.40
7.40

M6Min
ETMin
8.46
8.90
8.20

M7Min
ETMin
3.90
6.00
2.00

M8Min
ETMin
10.40
10.40
10.40

This gives us our ﬁrst key observation: With repeated play, costless messages preceding
games with Pareto-ranked equilibria can facilitate participants’coordination on the Paretodominant equilibrium, even for more than 2 players, and for both the Median and the
Minimum games. This lends some support to the two central conjectures regarding the role
of pre-play communication.
Fig. 3 summarizes the aggregate ﬁrst-round choice frequencies of actions and messages
for the Median game (left panel) and the Minimum game (right panel).
In the ﬁrst round of the Median sessions with communication, more than 50 percent of our
subjects (54.2 percent) chose the action associated with the Pareto-efﬁcient equilibrium. This
is up from about 29.2 percent in the corresponding baseline sessions, and a Kolmogorov–
Smirnov (K–S) test allows us to reject the null hypothesis of equal distributions of action
choices in the two Median game treatments with and without communication at the 5
percent conﬁdence level (it does not reject the equality of distributions of action choices
and messages in the pre-play treatment at the 5 percent level). Interestingly, again about
80 percent of our subjects chose the action associated with the Pareto-efﬁcient equilibrium
in the ﬁrst round of the Minimum sessions with communication. K–S tests do not allow
us to reject the null hypothesis of equal distributions of action choices in the baseline
and the communication treatment, nor the null hypothesis of equal distributions of action
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Message w/
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Action w/

Fig. 3. First-round choices—distribution of actions and messages.

Table 6
Summary of convergencea results in Median sessions

B1Me–B8Me
M1Me–M8Me

Convergence

Not

2
7

6
1

a Convergence deﬁned as majority of players choosing the efﬁcient action.

choices in the baseline treatment and messages in the pre-play treatment, nor the equality
of distributions of action choices and messages in the pre-play treatment at the 5 percent
level. We therefore have our second key observation: The ﬁrst-round effect of pre-play
communication differs across the games studied here. While there is a signiﬁcant increase
in the incidence of efﬁcient play in the ﬁrst round of the Median game, there is no such
increase in the Minimum game. A likely explanation for this difference is that, given the
relatively low frequency of efﬁcient play in the ﬁrst round of the Median game without
communication, there is more scope for pre-play communication to make a difference. The
fact that pre-play communication does not uniformly lead to efﬁciency or equilibrium in the
ﬁrst round in either the Median or the Minimum game qualiﬁes our statement that our data
support the two central conjectures regarding the effects of pre-play communication. Part of
an explanation may be that some players remain attracted by safe actions in the Minimum
game and may even use messages to secure payoffs in the Median game (see [5]).
In the terminal rounds of both communication treatments the frequency of efﬁcient play
is higher than in the treatments without communication. If we deﬁne “convergence” to
efﬁcient play as at least ﬁve players (i.e., the majority) choosing the efﬁcient action, then
“convergence” is achieved in the majority of communication sessions, and only in two
Median game sessions without communication. Tables 6 and 7 summarize the convergence
results.
A Fisher’s exact test [22],[32, pp. 155–156] determines the convergence results for the
two treatments with and without communication to be signiﬁcantly different at the 5 percent
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Table 7
Summary of convergencea results in Minimum sessions

B1Min–B4Min
M1Min–M8Min

Convergence

Not

0
6

4
2

a Convergence deﬁned as majority of players choosing the efﬁcient action.

level (p = 0.041) for the Median sessions in Table 6, and at the 10 percent level (p = 0.061)
for the Minimum sessions in Table 7. If we had run eight baseline sessions for the Minimum
game, and if the additional sessions had produced the same result and hence the standard
result in the literature, the difference would have been signiﬁcant at the 1 percent level
(p = 0.007). One of the two Minimum sessions with communication that did not converge
to efﬁcient play unraveled to the worst of the Pareto-ranked outcomes, while the other
stabilized in the mid-range (with 8 of the 9 choices being labeled 4 and 5). We thus have our
third key observation: While the terminal effect of pre-play communication is to increase
efﬁcient play in both games, this effect differs across the two games: It is more pronounced in
the Minimum game, even though there two communication sessions unravel. The fact that in
our experiments the full beneﬁt of communication appears only with repeated interactions
is perhaps indicative of messages serving as negotiation statements. Here the negotiation
would be not so much over conﬂicting interests as over conﬂicting goals resulting from
conﬂicting expectations, e.g., some players aiming for efﬁciency and others for making in
the Median game a less than efﬁcient median more certain. The unraveling in two instances of
the Minimum game suggests that such negotiation need not necessarily lead to efﬁciency. It
appears that repeated multi-sided communication may fail with risk in the underlying game
and (or) absence of self-signaling messages. The completeness of unraveling in one of the
two cases suggests that message meanings can indeed deteriorate to the point where they
fail to serve as useful negotiation statements.
Our fourth key observation is that the dynamics of actions differ across the two communication games, both in the time paths of averages and the time paths of standard deviations.
In either game we see non-degenerate action proﬁles throughout (see Figs. 1, 2, and 4). The
average action increases in the Median game initially and then stays approximately constant
(with the average reﬂecting some subjects “fooling around”), whereas it falls slightly in the
Minimum game (only to recover somewhat in the last round). The average of the standard
deviations of actions per session, which falls in both games, is much lower in the Minimum
game communication treatment (see Fig. 4).
Lastly, as we observed before, unlike in the Median game, in the Minimum game we observe a bifurcation of behavior, with six sessions converging to the efﬁcient action whereas
the remaining two sessions unravel. Pre-play communication on average appears to signiﬁcantly reduce strategic uncertainty and to concentrate beliefs near the efﬁcient equilibrium
in the early rounds of the Minimum game. In some instances however, this effect is overwhelmed by a few initial deviations from efﬁcient play, which over time induce an increasing
focus on the safe action in the course of repeated play.
In both games overall we see a close alignment of messages and actions, i.e. for the most
part participants are “truthful” and take the action that matches their announcement. For
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Rounds

Fig. 4. Averages of standard deviations of actions. Standard deviations were calculated for each session and then
averaged for each treatment.

example, in the ﬁrst round of the Median experiment, 81 percent of those who announced
they would choose the efﬁcient action did so. In the Minimum experiment the corresponding
percentage was even higher (86.2%). The top and middle panel of Fig. 5 show that this pattern
is maintained when we aggregate over all rounds for the Median game and the six efﬁcient
sessions of the Minimum game. In the two unraveling sessions of the Minimum game, we
see two interesting departures from this pattern (see the bottom panel of Fig. 5).
First, a considerable number of players announce the efﬁcient action but instead take a
lower action. Second, a non-negligible fraction of players both announce and then take the
safe action. This gives us our ﬁfth key observation: In both games the majority of messages
are both efﬁcient and truthful, with departures from this pattern in the unraveling sessions of
the Minimum game toward either overstatements of planned actions or to announcements
of the safe action. The tendency toward truthfulness would be consistent with messages
being widely perceived as self-committing and in most cases in the Minimum game this
self-commitment property is dominating concerns about messages not being self-signaling.
At the same time, the departures from truthfulness in the unraveling sessions are consistent
with self-signaling and risk concerns exerting some inﬂuence on play. Announcements of
the safe action, and then play of the safe action, do not ﬁt neatly into the theory we have
discussed. One plausible explanation might be that agents have other-regarding preferences:
A player who intends to play the safe action would only harm other players by misleading
them about his/her intentions.
While departures from truthfulness in the Minimum game tend to be overstatements of
the planned action, there appears to be a slight tendency of the reverse phenomenon in
the Median game. As shown in the right panel of Fig. 1, in all rounds the average action
in the Median game with messages exceeds the average message ever so slightly (typically between one tenth and two tenths). One way to try to rationalize this observation
is to recall that in the Median game there are multiple uses for communication: to enhance efﬁciency and to secure an expected median. Players who initially send messages
to secure an inefﬁcient expected median may reassess their expectations subsequently,
in view of the messages they observe, and raise their action relatively to the message
they sent. Note that in the auction experiments of VHBB [35], the observed median also
tends to exceed the “message”, i.e., the payoff associated with the observed median tends
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Minimum game, non-convergent
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Fig. 5. Alignment of messages and actions. Top: Pre-play Median treatment across all rounds and all sessions. Middle: Pre-play Minimum treatment across all rounds in convergent sessions. Bottom: Pre-play Minimum treatment
across all rounds in non-convergent sessions.

to exceed the price reached in the auction before convergence. In their case, the explanation is that nearly all participants in their experiments avoid the use of dominated
actions.
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Fig. 6. Frequency of the number of times (x) that players changed their message.

Our sixth key observation is that in both communication treatments a considerable number of players change their message at least once. This is illustrated in Fig. 6, which reports
the frequency of the number of times that players changed their messages for both communication treatments, and separately for the convergent and non-convergent sessions of the
pre-play Minimum treatment.
Averaged across the communication treatments, 50 percent of the players changed their
message at least once.
On average the rate of change gradually declines over time in both treatments, from more
than 30 percent of players changing their message between the ﬁrst and second round to
about 15 percent of players changing their message between the last two rounds. Once
again, the two non-convergent sessions of the Minimum game are exceptional, with the rate
of change being above 30 percent between any two consecutive rounds but the ﬁrst two. The
fact that a substantial number of players keep changing their messages has at least some of
the ﬂavor of the secret handshake argument. A player who changes his message induces a
new message proﬁle and might hope that the new proﬁle is more likely to induce efﬁcient
play.

5. Conclusion
Our central result is that with repeated interaction costless messages preceding games
with Pareto-ranked equilibria can dramatically facilitate participants’ coordination on the
Pareto-dominant equilibrium, even for more than 2 players. Costless messages thus help
overcome well-documented problems of strategic uncertainty, equilibrium selection, and
coordination failure. These overall effects of pre-play communication in our data seem
robust to the parameterization of the payoff matrices and the order statistics chosen. There
are differences in the role that pre-play communication plays over time in these games, with
the salutary effect being initially stronger in the median game but eventually being more
pronounced in the minimum game.
Regarding theories that have been advanced for signaling intentions in games, we ﬁnd
that players appear to rely on self-commitment properties of messages. We ﬁnd that neither
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risk in the underlying game nor the absence of self-signaling messages entirely undermines
the effectiveness of pre-play messages, while both help to account for those instances in
which we observe unraveling and divergence of messages and actions. We observe that the
full beneﬁt of adding communication is only realized with repeated interactions, which may
indicate the use of messages as negotiation statements. At the same time we ﬁnd that a nonnegligible number of subjects do change their messages over time, possibly hoping to affect
others’ action choices, which is reminiscent of the use of messages as secret handshakes.
Our work suggests a number of extensions, for example, dealing with alternative communication protocols, the incentive structure in the underlying game, timing issues, methods for
collecting information about players’ strategies, and the richness of the language available
to players. A natural alternative communication protocol would permit repeated communication before actions are taken, as in Farrell [20], Rabin [30] and Jamison [24]. Perhaps
in conjunction with altering the incentive structure to induce conﬂict over equilibria, this
would help us to better understand the role of messages as negotiation statements. Regarding
timing, it is natural to ask whether communication can be effective if one or more rounds
of play have already preceded it. For example, is there still a role for communication after a
few rounds of play of the minimum game without communication? If instead of collecting
only information about players’ messages and actions, we asked for their strategies in the
communication game, we would be able to assess the role of secret handshakes more directly. Finally, it is conceivable that giving players access to a richer language, or free-form
communication, would affect coordination.
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