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Abstract  
This paper develops a framework for empirically testing several alternative game-theoretic 
rationales for Horn’s rule. It then presents an economic laboratory experiment where these 
rationales are empirically tested. Subjects  seem to coordinate on Horn’s rule where efficiency 
acts as a focal point. Nevertheless, a weak interpretation of the evolutionary argument is not 
rejected: prior play does have an effect on future play. This suggests a hierarchy of effects, 
where the focal point effect dominates the evolutionary effect, with the latter being more 
pronounced in cheap talk situations. 
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1. INTRODUCTION 

It is widely recognized among linguists that an economising principle has shaped human 
language (see Selten and Warglien, 2007, on grammar, and see the references cited in this 
paper). Language is thus a subject that can be studied from the point of view of economics. 
One instance where such an economising principle has been hypothesised to be at work in 
linguistics is Horn’s rule (1984). This is the general rule in the branch of linguistics known as 
pragmatics saying that (un)marked expressions get an (un)marked interpretation. For instance, 
if we argue that every ten minutes, a man gets mugged in New York, then normally you will 
interpret this as meaning that this concerns a different man every ten minutes. Yet, strictly 
speaking, we could make such a statement to imply that every ten minutes, the same very 
unlucky New Yorker gets mugged. Thus, strictly speaking, our statement is ambiguous. The 
reason that you give our statement the first interpretation rather than the second is because 
you estimate it to be far more likely that the first interpretation is the correct one. But why do 
we not make our statement less ambiguous? Presumably, disambiguation is costly. If we have 
to eliminate all ambiguity, this will cost us more time. And as you are unlikely to make the 
second interpretation, we can leave our statement ambiguous without too much danger. 

The basic game-theoretic account of Horn’s rule looks as follows. The sender is denoted by 
symbol S, and the receiver by symbol R. Let there be two states of the world, namely a 
frequent state F, and an infrequent state I. The probability that the frequent state occurs is 
denoted pF, so that the probability that the infrequent state occurs is )1( Fp− . By assumption, 

5.0>Fp . The receiver can choose one of two actions, namely action F, or action I. Player i’s 
utility when the receiver takes action j in state k is denoted by )( kjUi , where RSi ,=  and 

FIkj ,, = . It is assumed that )()( jkUjjU ii > , meaning that both the sender and the receiver 
prefer the receiver to take action F (respectively I) in state F (respectively I). The sender and 
the receiver thus have common interests. Also, it is assumed that 

 
)()1()()()1()( IIUpFIUpIFUpFFUp iFiFiFiF −+>−+ , (1) 

 
meaning that a player i (where RSi ,= ) who does not know what state of the world occurs, 
prefers action F to be taken. The sender knows what state of the world occurs, but the receiver 
does not. Finally at a cost 0>d , the sender can take an action (= send a signal). 

The game has three Nash equilibria: one pooling equilibrium, where the sender does not 
send a message; one efficient separating equilibrium meeting Horn’s rule, where the sender 
sends a message in the infrequent state; and one inefficient separating equilibrium that does 
not meet Horn’s rule, where the sender sends a message in the frequent state (thus incurring a 
higher expected cost than in the equilibrium meeting Horn’s rule. 

Our game is similar to a cheap-talk signalling game, in that there is more than one 
separating equilibrium, and that the meaning of the signal is a matter of convention. In 
experimental signalling games where signals are completely costless, Blume et al. (1998) 
show that subjects can learn to give meaning to random signals. Horn’s game is somewhat 
different, however, in that there is still a cost involved when signalling, and in that the 
separating equilibria are Pareto-ranked. Another class of signalling games is formed by the 
costly signalling games (Spence, 1974), where there is a costly signal that only one signaller 
type would ever prefer to send. This class of games is again different from the game in our 
paper, as in our game, in different separating equilibria, both types of signallers are willing to 
send the costly signal. A similarity between our game and costly signalling games is the fact 
that the different separating equilibria are Pareto-ranked. In costly signalling games, this is so 
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because the high-quality signaller may use a signal that is more costly than is necessary to 
distinguish herself from the low-quality signaller. Brandts and Holt (1992) have 
experimentally tested the extent to which subjects playing a costly signalling game can 
coordinate on playing the efficient equilibrium. Selten and Warglien (2007) finally construct 
an experiment for a game where, unlike in costly signalling games, it is not the case that it is a 
dominated strategy for one or more types to send a costly signal; at the same time, unlike in 
cheap-talk signalling games, a cost is still attached to sending a message. This is the same 
setting as in our experiment. Selten and Warglien (2007), however, do not assume that the 
states about which signals can be sent have different probabilities. The focus here is on the 
use of a simple “grammar”, where few signals are used to signal many states, as an 
application of the economising principle.  

We start by reviewing the game-theoretical literature on Horn’s rule (Section 2), and we 
show that several alternative models lead to the same predictions, suggesting that different 
rationales of Horn’s rule cannot be tested for. Sections 3 and 4, however, develop variants on 
the basic Horn game that do allow one to empirically distinguish between the different 
rationales. Based on these results, Section 5 then proposes several hypotheses to be tested in 
the experiment. Section 6 describes the experiment, Section 7 describes the results. We end 
with a conclusion in Section 8. 

 
 

2. STANDARD HORN GAME WITH COSTLY SIGNALS 
 
From the perspective of non-cooperative game theory, there is no reason why Horn’s rule 

should apply. It may very well be that you and we both know that costs will be saved if we do 
not need to disambiguate. But if we believe that you will interpret the sentence ‘Every ten 
minutes, a man gets mugged in New York’ as meaning one and the same man, then each time 
we want to make the more plausible statement, we will have to point out that we do not mean 
one and the same man. And once we talk in this way, if we do not specify that we do not 
mean one and the same man, you will interpret it as meaning one and the same man. Simply, 
there are multiple Nash equilibria to the signalling game, and our mutual beliefs can lock us 
into an inefficient separating equilibrium.  

A first attempt to provide a game-theoretic rationale in favour of Horn’s rule, so that only 
the separating equilibrium obeying Horn’s rule survives, was made by Parikh (1991, 2000, 
2001). Parikh argues that the fact that the signalling equilibrium that follows Horn’s rule is 
Pareto efficient will make it a focal point (Schelling 1960), and will cause it to be played. Yet, 
it is difficult to predict what will be a salient equilibrium, and this may be another one than 
the Pareto-efficient one (Kim, 1996). 

Van Rooij (2008) recently gives an equilibrium selection argument in favour of signalling 
equilibria meeting Horn’s rule. Using the so-called intuitive criterion (Cho and Kreps 1987), 
he argues that, when the players are playing the pooling equilibrium, and when the signaller 
deviates from the equilibrium by sending a message, the receiver will always interpret this as 
referring to the infrequent event. This is because only the signaller who has observed the 
infrequent state can become better off by deviating from the pooling equilibrium. A rational 
receiver will therefore infer that any out-of-equilibrium signal must have been sent in the 
infrequent state. In turn, expecting the receiver to make such an inference, the signaller will 
send a message in the infrequent state. Yet in its standard form, the intuitive criterion only 
eliminates the pooling equilibrium, and not the inefficient signalling equilibrium. Once the 
players play the inefficient signalling equilibrium, the signaller who observes the infrequent 
state has no reason to start sending a message in the infrequent state. Van Rooij solves this 
problem by arguing that one should take a pooling equilibrium as one’s starting point. 
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The intuitive criterion belongs to the type of argument for equilibrium selection known as 
the forward induction argument. An alternative version of the forward induction argument, 
known as extensive form rationalisability (Pearce, 1984; for applications to signalling games, 
see Battigalli, 2004), does not require the starting point of a pooling equilibrium. The 
technique of extensive form rationalisability is to assume common knowledge of rationality, 
and to put some commonly-known restrictions on players’ beliefs about each other’s 
behaviour (first-order beliefs). If the necessary restrictions on beliefs for a particular 
equilibrium to be played are quite weak, then it is plausible that this equilibrium will be 
played. In the current case, however, it is obvious that a necessary restriction for a separating 
equilibrium obeying Horn’s rule to be played is that the receiver believes with a relatively 
high probability that any signal received must have been sent in state I. It is not clear what 
could generate such beliefs, unless one refers to efficiency itself – which brings us back to the 
focal point argument. We conclude that the forward induction argument only seems 
applicable in the form of the intuitive criterion, where the starting point of a pooling 
equilibrium is necessary. 

Additionally, there have been some recent efforts to check whether evolutionary game 
theory selects signalling equilibria that obey Horn’s rule. As pointed out by Van Rooij (2004), 
all signalling equilibria, including equilibria that do not obey Horn’s rule, are evolutionary 
stable equilibria (ESS), and therefore the ESS concept does not bring one any closer to a 
solution. Under replicator dynamics, Benz, Jäger and Van Rooij (2005) show for a specific 
game that the basin of attraction of an equilibrium that obeys Horn’s rule is larger than the 
one of an equilibrium that does not, and that starting from a strategy profile where all 
strategies are played with equal probability, under replicator dynamics an equilibrium obeying 
Horn’s rule evolves. 

De Jaegher (2008) argues that the evolution of an equilibrium that selects Horn’s rule 
follows straightforwardly from the fact that a signalling equilibrium must at some point have 
evolved from a pooling equilibrium (otherwise, it does not make sense to study the evolution 
of signalling). In a pooling equilibrium, the optimal action taken by the receiver will 
correspond to the most likely event. The absence of a signal is therefore already interpreted as 
referring to a frequent event. From there on, the interpretation of a signal as referring to an 
infrequent event can evolve (“Horn equilibrium”). For a signalling equilibrium where a signal 
refers to a frequent event to evolve from the pooling equilibrium, the receiver would 
somehow have to completely change his initial interpretation of the absence of the fact that no 
signal is received. It is this necessary reversal of meaning that makes it difficult for a 
signalling equilibrium that does not obey Horn’s rule (= “anti-Horn” equilibrium) to evolve 
from a pooling equilibrium. Specific about De Jaegher’s model is that the roles of the players 
are assumed fixed; put otherwise, senders and receivers are different populations. A concise 
description of this model is given in Appendix A. 

To conclude, in the standard Horn game, focal point theory, the intuitive criterion, and 
evolutionary dynamics all predict that Horn’s rule applies for the standard Horn game. Both 
Van Rooij’s interpretation of the intuitive criterion and De Jaegher’s evolutionary argument, 
however, take the pooling equilibrium as a starting point, so that whether or not this was 
played first in these rationales of Horn’s rule is predicted to have an influence; in focal point 
theory, there is no need for this. These results are summarised in Table 1, Column 1 (Standard 
Horn game, cost), where a “star” indicates that the theory predicts that there should be an 
influence from whether or not the starting point is the pooling equilibrium. As the predictions 
of the different theories for the standard Horn game largely coincide, the next section presents 
a modified Horn game for which the predictions of the different models diverge to a higher 
extent. 
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 Standard Horn game Modified Horn game 
 Cost 

(Game 2) 
No cost 
(Game 2’) 

Cost 
(Game 4) 

No cost 
(Game 4’) 

Focal point 
(efficiency) 

Horn’s rule / Horn’s rule / 

Intuitive criterion  Horn’s rule* / Anti-Horn’s 
rule* 

/ 

Evolution Horn’s rule* Horn’s rule* Anti-Horn’s 
rule* 

Anti-Horn’s 
rule* 

Convention  / 50/50 / 50/50 
Table 1: Standard Horn game and modified Horn game: predictions (*: effect of 
previously playing pooling equilibrium) 

 
 

3. MODIFIED HORN GAME WITH COSTLY SIGNALS 
 
De Jaegher (2008) presents a variation on the standard Horn game, referred to here as the 

modified Horn game,  which is identical to the standard Horn game except that, in the pooling 
equilibrium, the receiver prefers to take action I, meaning that 

 
)()1()()()1()( IIUpFIUpIFUpFFUp iFiFiFiF −+<−+  (2) 

 
This is in spite of the fact that 5.0>Fp . Inequality (2) applies as long as )( IFUi  is very 
small. Evidently, focal point theory continues to predict here that the Horn equilibrium, which 
continues to be efficient in this game, will be obtained. Interestingly, however, both the 
evolutionary argument and the intuitive criterion predict that the anti-Horn equilibrium, where 
a signal is sent in the frequent state, and which is inefficient in this case, will be obtained. 

De Jaegher’s evolutionary argument applied in this context is the following. The pooling 
equilibrium, where I is always played, already predisposes the receiver to play I when not 
receiving any signal. Evolution of the Horn equilibrium would require a complete reversal of 
meaning, where “no signal” would come to mean “F” to the receiver. For the anti-Horn 
equilibrium to evolve, on the contrary, it suffices that, in the pooling equilibrium, a part of the 
receiver population starts to interpret a signal as referring to state F. Intuitively, consider 
animals with common interests, trying to warn each other of an approaching predator. With 
communication incapacitated, even if the probability that a predator approaches is unlikely, 
because of the high risk of being caught, the uninformed animal prefers to hide. An “all clear” 
signal is then predicted to evolve rather than an “alarm call”, so that the signal is frequently 
sent. For a formal statement of this argument, see Appendix A. Applying the evolutionary 
argument of Benz et al. (2005) in this context, a similar prediction is obtained, because the 
basin of attraction of the anti-Horn equilibrium is larger than the basin of attraction of the 
Horn equilibrium.  

A somewhat similar intuition is obtained when applying Van Rooij’s (2008) application of 
the intuitive criterion to this game: given that in the pooling equilibrium, the action that is 
optimal in the infrequent state is taken, the receiver should interpret any signal as having been 
sent in the frequent state. Because of the form taken by the pooling equilibrium, the receiver 
this time reasons that only a sender who observed the frequent state has any incentive to 
deviate from the pooling equilibrium and send a costly message. It follows that both the 
intuitive criterion and evolution predict that Horn’s rule does not apply in this case. The 
variant of the Horn game introduced by De Jaegher is thus interesting in that Parikh’s focal 
point argument on the one hand (= efficient equilibrium is played, and Horn’s rule applies), 
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and Van Rooij’s intuitive criterion/De Jaegher’s evolutionary argument on the other hand, 
lead to different predictions. These predictions are summarised in Table 1, Column 3 
(Modified Horn game, cost). Note that both intuitive criterion and the evolutionary argument 
again predict that it matters whether a pooling-equilibrium game was previously played. 
Unfortunately, in the modified Horn game, we still do not obtain different predictions for the 
intuitive criterion and for the evolutionary argument. This is why in the next section we 
introduce a second variation on the Horn game. 
 

 
4. STANDARD AND MODIFIED HORN GAME WITH COSTLESS SIGNALS  

 
Consider a variant of both the standard game in Section 1, and the modified game in 

Section 3, with the difference that signalling is now completely costless. In both these new 
variants of the game, focal point theory and the intuitive criterion do not make any predictions 
about the sort of separating equilibrium that will be played. (Note that in Van Rooij’s 
application of the intuitive criterion, it is the fact that the signal is costly that allows the 
receiver to make inferences about when it must have been sent.) In the evolutionary argument, 
however, not noted by De Jaegher (2008), the cost of the signal is in fact not crucial to the 
argument. Instead, the fact that “no signal” takes on a particular meaning in the pooling 
equilibrium, and thereby predisposes the receiver towards a certain separating equilibrium, 
means that Horn’s rule is most likely to apply in the standard game, and that anti Horn’s rule 
is most likely to apply in the modified Horn game. Indeed, in this case, as signals are costless, 
starting from the pooling equilibrium, a tiny proportion of either the sender or the receiver 
playing a Horn strategy (respectively anti-Horn strategy) in the standard Horn game 
(respectively modified Horn game) suffices for the Horn equilibrium (respectively anti-Horn 
equilibrium) to evolve. 

Nevertheless, it should be noted that, in the standard Horn game (respectively modified 
Horn game) there is also an evolutionary path from the pooling equilibrium to the Horn 
(respectively anti-Horn) equilibrium. Again, this is because signals are costless. If, with 
respect to the pooling equilibrium, the senders drift in the “wrong” direction, then the 
“wrong” separating equilibrium evolves. Nevertheless, a sizeable proportion of the sender 
population needs to deviate then from the pooling equilibrium, whereas for the evolution of 
the “right” equilibrium, a tiny deviation by either population suffices. If large deviations are 
less likely than small ones, the “right” equilibrium is still more likely to evolve. In terms of 
the evolutionary argument by Benz et al. (2005), the basin of attraction of the Horn 
equilibrium is relatively large in the standard Horn game with cheap signals, whereas the 
basin of attraction of the anti-Horn equilibrium is relatively large in the modified Horn game 
with cheap signals. These evolutionary arguments are formally shown in Appendix A. 

The additional predictions obtained by adding costless signalling are summarised in Table 
1, Columns 2 and 4 (Standard Horn game, No cost; Modified Horn game, No cost). While the 
intuitive criterion does not make any prediction about what happens in the games without 
cost, from the perspective of the intuitive criterion, there is no reason why there would be 
such a specific difference between the games without cost. From this perspective, one is able 
to empirically distinguish between the intuitive criterion and the evolutionary argument.  

When we are treating cheap-talk signalling games, pioneered by Lewis (1969), we also 
need to pay attention to the theories that have been developed specifically for such games. 
Lewis himself predicts that the way in which a signal is used in a cheap-talk signalling game 
is a matter of convention. In this sense, both anti-Horn and Horn are equally likely in a cheap-
talk signalling game. A different prediction can be found by again using Schelling’s focal 
point argument. When both anti-Horn and Horn are efficient, players may focus on other 
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aspects of these equilibria to coordinate on one of them. For instance, players could see “no 
signal” as 0, and signal as 1, and order these in the same way as the states and then consider D 
(down) as 0, and U (up) as 1, leading them to play anti-Horn. Alternatively, the players could 
consider it salient to send a message only in the infrequent state (Horn). If the focal point lies 
in the signal itself we cannot predict what the players focus on. We are thus not able to make 
any predictions here. 

Finally, having analysed both costly-signalling and cheap-talk versions of our Horn games, 
we can look at whether the theories make any predictions about differences between costly-
signalling and cheap-talk games. Let us first look at the intuitive criterion, where following 
Van Rooij (2008) we assume that the pooling equilibrium is the starting point. The intuitive 
criterion argues that, as long as the signal is costly, the receiver will interpret it in a particular 
way, and the sender will use it in a particular way. This theory therefore predicts that there is 
little strategic uncertainty in this case, and that players should find it easy to coordinate. When 
signals are cheap, on the contrary, the intuitive criterion does not make any predictions, 
suggesting that there is a lot of strategic uncertainty, and that players will find it harder to 
coordinate. Second, let us look at the evolutionary argument, where the pooling equilibrium is 
again assumed to be the starting point. Clearly, the basin of attraction of any pooling 
equilibrium is always larger in costly signalling games than in cheap-talk signalling games. 
Simply, more receivers need to make a particular interpretation before the senders are better 
off with sending a costly signal. Thus, the evolutionary argument predicts that the evolution 
of a signalling equilibrium is more difficult when signals are costly.  

 
 

5. HYPOTHESES 
 
Our hypotheses are divided into three sets: first, hypotheses that are specific to costly 

signalling games; second, hypotheses that are specific to cheap-talk signalling games; and, 
third, hypotheses that compare costly signalling games to cheap talk signalling games. 
 
5.1 Costly signalling treatments. 
 

The evolutionary argument and the intuitive criterion both say that the starting point 
matters. Yet, if we let subjects play a signalling game right away, we are not certain what 
their starting point is. In order to simulate such a starting point, in our experimental design, 
we first let participants play a corresponding pooling-equilibrium game against the computer 
(which we refer to as a pooling-equilibruim game), so without the possibility of some other 
participant sending a signal on which state occurs. Our first step is to test whether the 
preceding play of the corresponding game against the computer has any effect. Define 
“playing correctly” according to the intuitive criterion and the evolutionary argument as 
playing Horn (anti-Horn) in the Horn (modified Horn) game.  
 
(H1) In the costly signalling treatments where the corresponding pooling-equilibrium game 
was played first, “playing correctly” occurs more often. 
 

Yet, perhaps subjects start by playing a pooling equilibrium even in the signalling games, 
and a starting point is already built into the repeated play of the signalling game itself. If this 
is true, then from the perspective of both the evolutionary argument and the intuitive criterion, 
“playing correctly” (i.e., playing Horn in the Horn game and anti-Horn in the modified Horn 
game) should occur over all treatments with costly signalling games, including those 
treatments where the corresponding pooling-equilibrium game was not played first. This leads 
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us to formulating Hypothesis 2. 
 
(H2) In the treatments without prior play of the corresponding pooling-equilibrium game, 
Horn is played more often in the standard game (Game 2) than in the modified game (Game 
4), and anti-Horn is played more often in the modified game (Game 4) than in the standard 
game (Game 2). 
 
 

Table 2: Costly signalling games - Hypotheses 1 and 2 
 
 

Table 2 describes which combinations of rejection and non-rejection of (H1) and (H2) are 
compatible with which theories. Yet, the test of the theories is weak here, as the only issue 
that is tested is whether a certain strategy is played more often. Taking the intuitive criterion 
and the evolutionary argument literally, Horn should predominantly be played in the standard 
Game 2, and anti-Horn should be predominantly played in the modified Game 4. 
 
(H3) In the standard game (Game 2), subjects predominantly play the Horn equilibrium; in 
the modified game (Game 4), they predominantly play the anti-Horn equilibrium. 
 
 
5.2 Cheap-talk signalling games 
 

Let (H3) not be rejected. Then this is compatible with both the evolutionary argument, and 
the intuitive criterion. Thus, while such an observation would allow us to reject focal point 
theory, it does not allow us to distinguish between the evolutionary argument and the intuitive 
criterion. In Section 4, however, we have shown that the intuitive criterion and the 
evolutionary argument lead to different predictions for cheap-talk and costly signalling games 
(at least in the sense that, for cheap-talk signalling games, only the evolutionary argument 
yields a clear prediction). In particular, acceptance of the evolutionary argument leads to the 
following hypothesis: 

 
(H4) In the cheap-talk signalling treatments, having previously played the relevant pooling-
equilibrium game has a positive effect on the probability of “playing right”. 
 

Analogue to Hypothesis 2, we also test for the cheap-talk signalling games whether the 
“starting point” of first playing a pooling equilibrium is already built into these games. In this 
case the evolutionary argument leads to the following hypothesis: 

 
(H5) Comparing the cheap talk signalling treatments where the corresponding pooling-
equilibrium game was not previously played, Horn is played more often in the standard game 
(Game 2’) than in the modified game (Game 4’), and anti-Horn is played more often in the 
modified game (Game 4’) than in the standard game (Game 2’). 

 
 

 
(H2) not rejected 

 
(H2) rejected 
 

 
(H1) not 
rejected 

Evolutionary/intuitive criterion – 
pooling equilibrium already in 
Games 2 and 4 itself 

Evolutionary/intuitive criterion – 
pooling equilibrium not already in 
Games 2 and 4 itself 

 
(H1) rejected 
 

 
/ 

 
Compatible with focal point 
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5.3 Comparing costly and signalling games to cheap-talk signalling games 
 

As pointed out at the end of Section 4 above, the intuitive criterion and the evolutionary 
argument yield different predictions about the relative likelihood of coordination in costly 
signalling games and in cheap-talk signalling games. Specifically, the evolutionary argument 
predicts that communication fails more often with costly signalling, while the intuitive 
criterion predicts the opposite, i.e. that costly signalling facilitates communication. Again, we 
use the evolutionary perspective in order to formulate a hypothesis on these diametrically 
opposed predictions: 
 
(H6) Communication fails more often in the costly signalling games than in the cheap-talk 
signalling games. 
 

 
6. DESIGN OF THE EXPERIMENT AND PROCEDURAL DETAILS 
 

The aim of our experimental design is to test the hypotheses developed on the previous 
section. We designed the experiment so that both the standard Horn game of Section 1 and the 
modified game of Section 3 were played both in the costly signalling version and the cheap-
talk version. The four resulting signalling games are summarised in the right part of Figure 1. 
On top of these games, in order to simulate the prior play of a pooling equilibrium, which is 
important for both Van Rooij’s application of the intuitive criterion and for De Jaegher’s 
evolutionary argument, in some sessions we let the relevant signalling game be preceded by a 
non-signalling version of that same game (referred to as a pooling-equilibrium game), where 
the subjects played a guessing game against the computer; subjects were then in the same 
situation as a receiver unable to receive a message from a sender. These games are 
summarised in the left part of Figure 1. 

The games treated in Sections 2, 3 and 4 above differ according to three treatment variables: 
costs, difference in payoffs, prior pooling. This implies a 2×2×2 factorial design: each of the 
four games (standard with and without costly signals, modified with and without costly 
signals), once with a pooling-equilibrium game played before and once separately. We ran 8 
sessions at the experimental laboratory ELSE at Utrecht University. The initial sessions 
(sessions 1 to 6) in this investigation were run on 10th and 11th December 2007 at the ELSE 
laboratory of Utrecht University in six different sessions each time involving between 18 and 
20 participants. Two sessions (sessions 7 and 8) were run on 4th June 2008 at the same 
laboratory. In order to duplicate observations for our treatment variables, we administered 
four treatments per session, following a classical cross-over design.1 Participating subjects 
came from the subject pool that mainly recruits students from Utrecht University from all 
faculties. The procedure during all sessions was kept the same and the sessions were 
computerized, using a program written with z-tree (Fischbacher, 1999). 114 subjects 
participated and were seated in a random order at PCs. Throughout the sessions subjects were 
not allowed to communicate and could not see others’ screens. Before each individual 
treatment, and before any roles were assigned, the subjects received a written set of 
instructions, which was also read aloud before the start of the experiment. Questions were 
answered in private. 

Each pooling-equilibrium game was played 10 times. In this type of games, the computer 

                                                 
1 See Appendix C, Table 5,  for the sequence in which the treatments were run. 



 10

first randomly decided between U (frequent state) and D (infrequent state) independently for 
each subject. This choice was not observed by the subject, who had to guess whether U or D 
had occurred (by clicking on U or D on the computer screen), after which the choice of the 
computer and the corresponding payoffs were announced. 

 

 
 Pooling-equilibrium games     Signalling games 
 
Figure 1: The six games played in the experiment; numbers refer to points obtained by the participants. Games 

1, 2, 2’: x = –11, y = 4, Games 3, 4, 4’: x = y = 1; Games 2, 4: d = 2; Games 2’, 4’: d = 0. 
 
 

Each signalling game was played 20 times. At the beginning of each signalling treatment, 
subjects were randomly grouped in pairs, and within each pair, the role of sender and receiver 
was randomly assigned. Subjects interacted anonymously through the computer. We chose a 
partner design (subjects stayed in the same pairs within each treatment). Thus, the 
evolutionary argument is interpreted as learning within a single pair.2 In a typical signalling 
game, at the start of the treatment, the computer announced the subject’s role. In each period, 
the sender was informed about whether state U or D occurred. After this, the sender could tick 
a box on a computer screen indicating “Send message”, or indicating “Don’t send message”. 
Next, the receiver could observe the sender’s choice (“the sender in your pair did/did not send 
you a message”), but not the state chosen by the computer. After this, the receiver had to 
guess whether U or D had occurred (by clicking on U or D on the computer screen), after 
which the choice of the computer and the corresponding payoffs were announced. With each 
decision subjects earned payoffs as indicated in Figure 1 and at the end of the experiment, the 
points were turned into Euros according to the formula 1 point = 1.65 Eurocents. This 
exchange rate was announced in the instructions. 

This setup has some differences with Selten and Warglien’s (2007) experiment, where, in 
each period and before observing the states, the sender has to design an encoding strategy, and 
the receiver a decoding strategy. After that, the state of nature is chosen randomly, and the 
computer executes the subjects’ encoding and decoding strategies. In case of a mismatch for a 
particular state of nature realised in a period, the subjects are told each other’s encoding and 
decoding strategies for this particular state of nature. While our feedback mechanism is 
similar (when the payoffs are realised, the receiver observes the state of nature, and the sender 
observes the action that the receiver took), we do not let the sender and receiver explicitly 
choose an encoding and decoding strategy, respectively. This is because we want to give the 
subjects the opportunity to play a pooling equilibrium. The starting point of a pooling 
equilibrium is important for the application of the intuitive criterion and of the evolutionary 
argument, which both need such a starting point. Note that, while the pooling equilibrium is 
                                                 
2 Indeed, as shown by Börgers and Sarin (1997), replicator dynamics can be interpreted as the learning by 
individual players, where the percentage change in their strategy is a function of how well they did in the last 
period. 
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separately simulated in a non-signalling setting for some treatments, this is not the case of all 
treatments. Moreover, it is possible that the subjects initially play a pooling equilibrium even 
if the non-signalling game is not played first. 
 
 
7. DATA DESCRIPTION 
 
7.1 Overall frequencies 
 

We start with some broad descriptions of the strategies played over all the sessions. Figure 
1 shows the frequencies with which strategies U and D were played in the pooling-
equilibrium Games 1 and 3 over the 10 periods. In Game 1, while subjects as predicted 
predominantly play U, they play U less often over time.3 This can be explained by the so-
called gambler’s fallacy, which can itself be explained by Tversky and Kahneman’s (1974) 
representativeness heuristic of boundedly rational decision makers facing uncertainty. After 
having observed three times the U-state (which about half of the subjects do statistically in 
periods 1 to 3), many subjects expect that a D-state will now occur, even though the 
probability that a D-state occurs is only ¼. In Game 3, while the expected value of playing D 
is larger, half of the subjects play U. The behaviour of the participants who play U can be 
explained by prospect theory (Kahneman and Tversky, 1979). E.g., if a subject in Game 3 
thinks in terms of losses with respect to the payoff of 4 units, and if he is risk-loving with 
respect to losses, he indeed chooses U. In any case, the play in Game 3 is sufficiently different 
from that in Game 1 to test whether the previous playing of a pooling equilibrium influences 
which separating equilibrium is played. 

 
Game 1

0

10

20

30

40

50

60

70

80

90

100

1 2 3 4 5 6 7 8 9 10

Period

Pe
rc

en
ta

ge

U
D

Game 3

0

10

20

30

40

50

60

70

80

1 2 3 4 5 6 7 8 9 10

Period

Pe
rc

en
ta

ge

D
U

 
Figure 2: Frequency over periods of actions U and D in pooling-equilibrium games. 

 
Figure 3 shows, for senders and receivers separately, the frequency of different strategies 

over all signalling games and per consecutive range of 5 periods. As a criterion for playing 
Horn’s rule or anti-Horn’s rule we specified consecutive play of a strategy consistent with 
Horn or anti-Horn over 5 periods and with at least one occurrence of the infrequent state. 
“Pooling, signal” and “Pooling, no signal” mean that the sender always takes the same action 
over 5 periods, respectively always sends a signal or never sends a signal. “Pooling frequent” 
and “Pooling infrequent” mean that, over a range of 5 periods, the receiver always guesses the 
frequent or infrequent state, respectively. The remaining sender and receiver strategies are 
indicated as “failure”. 

Figure 3 reports that in a large majority of cases subjects were able to communicate, and 
that both Horn and anti-Horn strategies were played, even though Horn was played more 
often. Interestingly, receivers failed to communicate more often than senders. Receivers also 
                                                 
3 This result is also confirmed by panel probit estimations (unreported) with choice of U as the dependent and the 
period as the main independent variable. Unreported estimations are provided by the authors on request. 
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needed more learning in order to achieve coordination. In contrast, the proportion of the 
sender population playing Horn and anti-Horn changes relatively little between the initial and 
the final periods. It thus seems that encoding a message is more difficult for subjects than 
decoding it. 
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Figure 3: frequency of strategies over ranges of five periods for senders and receivers. 
 
 
It is also of interest to compare the costly signalling games to the cheap-talk signalling 

games over the entire experiment. As shown in Figure 4, Horn is predominantly played in 
both types of games, but is more prominent in the costly signalling games. 
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Figure 4: frequency of strategies for cheap-talk and costly signalling games. 

 
 

7.2 Frequencies in individual games 
 
Let us next look at the frequency of Horn and anti-Horn strategies for individual games, 

but across all sessions. Figure 5 reports how often per period (as a percentage of all decisions 
per period) both subjects in the randomly matched pairs decided in accordance with Horn or 
anti-Horn. The figure shows that subjects play Horn more often (play anti-Horn less often) in 
Game 2 (Game 2’), when compared to Games 4 (Game 4’). 
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Horn's rule over all games
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Figure 5: Frequency of Horn and anti-Horn strategies per period and game 

 
 

 
7.3 Individual games in individual sessions 

 
Finally, we look at play in individual treatments and sessions, as summarised in Table 4 

(see Appendix B). For the pooling-equilibrium games, Table 4 shows how often U and D 
were played on average across 10 periods. For the signalling games, it shows how often Horn 
and anti-Horn was played, and how many times the subjects failed to play either of these 
(outcome N). A first conclusion that we can draw from Table 4 is that in any of the costly 
signalling games, Horn is played in a large majority of the cases. A second conclusion is that, 
if subjects in an early treatment play Horn (anti-Horn) in a majority of cases, then they 
continue doing this in any ensuing treatment. An exception is found in sessions 3 and 8, 
where costly signalling games are played after cheap-talk signalling games. In this case, the 
subjects predominantly switch to Horn’s rule. Thus, summarising, Horn’s rule is dominant in 
all costly signalling games. This is the case even if anti-Horn was played in a preceding 
cheap-talk game. Moreover, playing Horn’s rule in a costly signalling game has a strong 
effect on the probability that Horn’s rule is played in later games.  

 
 

8. HYPOTHESES TESTING 
 

(H1) 
In order to test Hypothesis 1 we compare all play of Game 2 (Game 4) with preceding play 

of Game 1 (Game 3) to all play of Game 2 without any preceding play of Game 1 (Game 3), 
and this in terms of whether subjects play “right” (Horn in Game 2, anti-Horn in Game 4). 
Such a comparison is made in Figure 6. It reveals that the effect of playing Game 1 on Game 
2 is inconclusive. At the same time, anti-Horn is played more often in Game 4 when Game 3 
was played first – even though the effect gets smaller as the experiment proceeds. As already 
argued above, there is also an influence of the previous play of other signalling games. In 
order to eliminate such an effect, we also apply look at Hypothesis 1 only for the instances of 
Game 2 and Game 4 where there was no preceding play of another signalling game (Game 2 
in Sessions 1 and 7, and Game 4 in Sessions 2 and 4 respectively). The results in these cases 
are very similar, confirming that the effect of previously played signalling games on the play 
in costly signalling games is not very strong. We conclude that, while (H1) cannot be rejected, 
there is only weak support for it. 
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Figure 6: Frequency of ”playing right” over individual periods 
for Games 2 and 4 with and without prior pooling-equilibrium  

game (all treatments) 
 
(H2) 
While this hypothesis covers only the games without prior pooling-equilibrium game, and 
Figure 5 reports all games, the patterns for the games without prior pooling-equilibrium game 
are nearly identical to those represented in Figure 5, and we do not separately represent them 
here. More Horn is played in Game 2 than in Game 4, and slightly more anti-Horn is played 
in Game 4 than in Game 2 (where the latter effect seems to become weaker as time 
progresses). (H2) cannot be rejected, as there appears to be an effect even if a pooling-
equilibrium game was not played before. 
 
Summarising, a “weak” interpretation of the evolutionary argument/intuitive criterion, in 
terms of a prediction that certain strategies are played more often, cannot be rejected. 
Nevertheless, let us look at the stronger test of these theories in (H3) 
 
(H3) 
Hypothesis 3 is clearly rejected by Figure 5. Whenever subjects play any of the costly 
signalling games in the experiment, they predominantly play Horn. This is indicative of 
Parikh’s focal-point argument, saying that subjects focus on the Pareto-efficient equilibrium.4 
 
(H4) 
We have already pointed out that Horn’s rule is predominantly played in costly signalling 
games. Moreover, as is clear from Table 4, in any cheap-talk game played after a costly 
signalling game, Horn’s rule continues to be played predominantly, under the influence of the 
preceding costly signalling game. This is why we cannot look at all play of cheap-talk games 
to test (H4). Otherwise, we could be picking up the effect of a preceding costly signalling 
game rather than the precedence of a pooling-equilibrium game. We therefore focus on 
comparing the first two treatments. Figure 7 reveals that, in Game 2’, with a prior pooling-
equilibrium game, more Horn is played. In Game 4’, with a prior pooling-equilibrium game, 
more anti-Horn is played. It follows that the evolutionary argument cannot be rejected. It 

                                                 
4 This result is also confirmed by separate panel probit estimations (unreported), which also account for 
correlations within pairs (clustering) and for heteroskedasticity (robust estimation coeffcients). In all these 
estimations, cost has a strong and statistically significant effect on the probability that Horn is played. 
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should also be noted that the support for the evolutionary argument is strong compared to the 
one for the costly signalling games. 
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Figure 7: Frequency of Horn and anti-Horn strategies over 
individual periods for Games 2’ and 4’ with and without prior 

pooling (first two treatments) 
 
 
(H5) 
To avoid influence of one game on the other, we focus on Session 3 and 8, where Games 2’ 
and 4’ were played as first treatments, respectively. Table 4 reveals that anti-Horn is played 
relatively often in Game 2’, and less often in Game 4’. It follows that (H5) is rejected. In 
combination with (H4), this suggests that the prior play of a pooling-equilibrium game is 
important in determining the outcome. 
 
(H6) 
Figure 4 reveals the following. Initially, there is more failure in the cheap-talk signalling 
games, but eventually, there is slightly more failure in the costly signalling games. Thus, the 
hypothesis in favour of the evolutionary argument, saying that coordination is more difficult 
to achieve when signals are costly (meaning that there is a risk in taking the initiative of 
sending a signal) cannot be rejected.  

 
In order to further refine Hypotheses 1 and 5, we estimate a multinominal logit, with 

subjects’ play of Horn, anti-Horn and failure to coordinate (in the pair) in the second 
treatment of Sessions 1, 2, 5 and 6 as dependent categorical variable, and with the absolute 
number of mistakes that they made (with respect to rational behaviour) in the pooling-
equilibrium game in Treatment 1 as the main independent variable. We control for learning by 
including the period as a trend variable and correct for heteroskedasticity by computing robust 
estimation coefficients. Further, we account for possible correlations within pairs (clustering). 
The results are reported in Table 3. In Game 2’, Session 5, subjects who, on average, played 
D often (high number of mistakes), play Horn significantly less often. This seems to be in line 
with the evolutionary argument. Yet, in Game 4, Session 2, subjects who play U more often 
(high number of mistakes) also play Horn significantly less often, which stands in contrast to 
the evolutionary argument. In general, the effect of the number of mistakes in the prior 
pooling-equilibrium game on the signalling game is negative, even though not all coefficients 
are significant. The explanation we suggest for the general negative effect is that subjects who 
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make such mistakes are less sophisticated, and find it harder to achieve coordination through 
communication. 
 

Multinominal logit with coordinated Horn, Anti-Horn, or Failure as dependent categorical variable: 

 
Game 2, 
Session 1 

Game 2’, 
Session 5 

Game 4, 
Session 2  

Game 4’, 
Session 6 

 Horn Anti-Horn Horn Anti-Horn Horn Anti-Horn Horn Anti-Horn
No. of prior pooling 
mistakes -0.014 -0.041 -0.682* -0.433^ -0.317** -0.085 -0.118 -0.065 
                 [-0.238] [-0.443] [-1.969] [-1.906] [-2.707] [-0.904] [-1.107] [-0.939] 
period           0.086^ -0.337*** 0.146 0.162 0.086 0.049 0.205** 0.212*** 
                 [1.738] [-7.672] [1.470] [1.534] [0.874] [0.477] [3.115] [3.533] 
constant            1.169* -1.379 1.297 -0.191 3.479** 1.966^ -0.472 0.495 
                 [2.297] [-1.395] [1.575] [-0.268] [2.635] [1.715] [-0.589] [1.038] 
N                360  320  360  400  
Chi2             5144.574  38.386  11.344  36.812  
p                0  0  0.023  0  
^ p<0.1, * p<0.05, ** p<0.01, *** p<0.001   
Failure to coordinate is base case; robust estimation with clustering at the pair level [t-values in brackets] 

Table 3. Estimations with number of prior pooling mistakes in treatments 2 of session 1, 
2, 5, 6 

 
 
8. DISCUSSION 

 
The results of the experiment point into the direction of the Parikh’s (2001) focal point 

explanation of Horn’s rule. Subjects seem to coordinate on Horn’s rule where efficiency acts 
as a focal point. A weak interpretation of the evolutionary argument, however, is not rejected: 
prior play does have an effect on future play. Thus, many subjects seem to follow the focal-
point interpretation of Horn’s rule. Nevertheless, in cheap-talk signalling games, subjects look 
at what was previously played in the preceding pooling-equilibrium game. This suggests a 
hierarchy of effects, where the focal point effect dominates the evolutionary effect. As the 
focal point effect only applies with costly signals, in the case of cheap talk, the evolutionary 
effect is still at work.  
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Appendix A 
 

This appendix describes and graphically represents the evolution of the pure strategies 
under replicator dynamics in a large population of senders on the one hand, and receivers 
on the other hand playing the four variants of the Horn game treated in this paper (games 2, 
2’, 4, 4’ – see Table 1). In these games, each player has four pure strategies, making a 
graphical representation of the complete streamline diagram under replicator dynamics 
difficult. In order to keep a graphical representation tractable, following De Jaegher 
(forthcoming), we represent two of the faces of the complete streamline diagram that are 
relevant for our purposes.  

To derive the first face, consider population states where only the strategies in the 
pooling equilibrium and in the Horn equilibrium are played, and where other strategies are 
never played, as represented in Table 1A. Note now that, given any such population state, 
the individual receiver and sender cannot do strictly better than the population by playing 
any of the strategies excluded in Table 1A. It follows that, in population states consistent 
with Table 1, the excluded strategies never grow in the population, so that from Table 1A, a 
face of the complete phase diagram can be constructed. 
 
 
 
 Don’t send any signal Send signal in infrequent state 
 
Always interpret i 

 
(pF UR(i|F) + (1 – pF) UR(i|I), 
pF US(i|F) + (1 – pF) US(i|I)) 
 

 
(pF UR(i|F) + (1 – pF) UR(i|I), 
pF US(i|F) + (1 – pF) [US(i|I) – d]) 

Interpret frequent when no 
signal, and infrequent 
when signal 

 
(pF UR(F|F) + (1 – pF) UR(F|I), 
pF US(F|F) + (1 – pF) US(F|I)) 
 

 
(pF UR(F|F) + (1 – pF) UR(I|I), 
pF US(F|F) + (1 – pF) [US(I|I) – d]) 

Table 1A: Pooling equilibrium versus Horn equilibrium (standard Horn game: i = F; modified 
Horn game: i = I; costly signalling games: d > 0; cheap-talk signalling games: d = 0) 

 
 

The replicator dynamics corresponding to Table 1 are given by 
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where t denotes time. Dividing the right-hand sides of (A1) and (A2), and applying partial 
integration, one now obtains that  
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where K is a constant. To each level K in (A3) corresponds a different streamline, 
describing the evolutionary path followed when starting from any population state 
consistent with Table 1A. 

To derive the second face of the phase diagram, consider population states where only 
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the strategies in the pooling equilibrium and in the anti-Horn equilibrium are played, and 
where other strategies are never played, as represented in Table 2A. Note again that, given 
any such population state, the individual receiver and sender cannot do strictly better than 
the population by playing any of the strategies excluded in Table 2A. It follows that, in 
population states consistent with Table 2A, the excluded strategies never grow in the 
population, so that from Table 2A, a face of the complete phase diagram can be 
constructed. 

 
 
 
 Don’t send any signal Send signal in frequent state 
 
Always interpret i 

 
(pF UR(i|F) + (1 – pF) UR(i|I), 
pF US(i|F) + (1 – pF) US(i|I)) 
 

 
(pF UR(F|F) + (1 – pF) UR(i|I), 
pF [US(F|F) – d] + (1 – pF) US(i|I)) 

Interpret infrequent when 
no signal, and frequent 
when signal 

 
(pF UR(I|F) + (1 – pF) UR(I|I), 
pF US(I|F) + (1 – pF) US(I|I)) 

 
(pF UR(F|F) + (1 – pF) UR(I|I), 
pF [US(F|F) – d] + (1 – pF) US(I|I)) 

Table 2A: Pooling equilibrium versus anti-Horn equilibrium (standard Horn game: i = F; modified Horn 
game: i = I; costly signalling games: d > 0; cheap-talk signalling games: d = 0) 

 
 
The replicator dynamics corresponding to Table 2 are given by 
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Dividing the right-hand sides of (A4) and (A5), and applying partial integration, one now 
obtains that 
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where L is a constant. To each level L in (A6) corresponds a different streamline, 
describing the evolutionary path followed when starting from any population state 
consistent with Table 2A. 

For the four signalling games treated in this paper, Figures A1 to A4 describe the 
evolutionary path under replicator dynamics between the pooling equilibrium (part (a) of 
each figure) and the Horn equilibrium, and between the pooling equilibrium and the anti-
Horn equilibrium (part (b) of each figure). There are two ways to interpret these figures. A 
first way is to check whether the relevant separating equilibrium can evolve from the 
pooling equilibrium. One can include evolutionary drift in such evolutionary path, where 
players’ strategies are subject to change when they are indifferent. A second way is to 
check the size of the basin of attraction around each equilibrium (= the area in the phase 
diagram with all the population states from which a certain equilibrium evolves). The 
reasoning is then that players start by choosing a strategy at random, and are more likely to 
end up in equilibria with a larger basin of attraction.  
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As is clear from Figure 1A, in the standard Horn game with costly signals, there is an 
evolutionary path from the pooling equilibrium to the Horn equilibrium. The black line at 
the bottom left part of Figure 1A represents a range of weak pooling equilibria. Starting 
from any such equilibrium, through evolutionary drift, some receivers can start making a 
Horn interpretation; if a sufficient number of them do, the Horn equilibrium evolves. Figure 
1B shows that there is no evolutionary path from the pooling equilibrium to the anti-Horn 
equilibrium. Moreover, even if Horn strategies are excluded from the populations, as is the 
case Table 3, the basin of attraction of the pooling equilibrium is still relatively large. This 
contrasts with the Figure 1A, which shows that the basin of attraction of the pooling 
equilibrium is small with respect to the Horn equilibrium. 

As shown in Figure 2A, the modified Horn game with costly signals is the mirror case 
from the Horn equilibrium. Now, there is an evolutionary path from the pooling 
equilibrium to the anti-Horn equilibrium (through evolutionary drift, Figure 2B), but no 
evolutionary path from the pooling equilibrium to the Horn equilibrium. The basin of 
attraction of the pooling equilibrium is smaller with respect to the anti-Horn equilibrium 
than with respect to the Horn equilibrium. Note, however, that the basin of attraction of the 
Horn equilibrium continues to be quite large in Figure 2A. This is simply because this is the 
efficient equilibrium. 

Figure 3A shows that in the standard Horn game with cheap signals, the slightest 
deviation away from the pooling equilibrium towards Horn behaviour by either of the 
populations suffices for the Horn equilibrium to evolve. Because signals are costless, 
however, there is an evolutionary path through evolutionary drift from the pooling 
equilibrium to the anti-Horn equilibrium as well. Starting from the pooling equilibrium, 
given that signals are costless, some senders could drift to following an anti-Horn strategy; 
if a sufficient number of them do, the anti-Horn equilibrium evolves. Nevertheless, if we 
assume that a small proportion of the population changes its strategy at any given time, then 
it is clear that a Horn equilibrium is more likely to evolve than an anti-Horn equilibrium. 
Also, the basin of attraction of the pooling equilibrium is larger with respect to the Horn 
equilibrium than with respect to the anti-Horn equilibrium. For the modified Horn game, 
we again obtain the mirror case of  the standard Horn game (Figure A4). 
 
 (a) (b)  

 
 

Figure A1 Standard Horn game with costly signals (i = F, d > 0; game 2) (a) Pooling 
equilibrium vs. Horn equilibrium (Table 1);(b) Pooling equilibrium vs. anti-Horn 

equilibrium (Table 2). 
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 (a) (b) 

 
 
Figure A2 Modified Horn game with costly signals (i = I, d > 0; game 4). Streamlines 

under replicator dynamics for (a) pooling equilibrium vs. Horn equilibrium (Table 1);(b) 
pooling equilibrium vs. anti-Horn equilibrium (Table 2). 

 
 
 

 (a) (b) 

 
 

Figure A3 Standard Horn game with cheap signals (i = F, d = 0; game 2’). Streamlines 
under replicator dynamics for (a) pooling equilibrium vs. Horn equilibrium (Table 1); 

(b) pooling equilibrium vs. anti-Horn equilibrium (Table 2). 
 
 
 

 (a) (b) 

 
 
Figure A4 Modified Horn game with cheap signals (i = I, d = 0; game 4’). Streamlines 
under replicator dynamics for (a) pooling equilibrium vs. Horn equilibrium (Table 1); 

(b) pooling equilibrium vs. anti-Horn equilibrium (Table 2). 
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Appendix B 
 

 Session 1 Session 2 Session 3 Session 4 
order game H AH N game H AH N game H AH N game H AH N 

I 1 U : 78% ; D : 22% 3 U : 72% ; D : 27% 2’ 20% 63% 7% 4 73% 14% 13% 

II 2 87% 0% 13% 4 59% 35% 6% 4’ 22% 63% 15% 2 85% 0% 15% 

III 3 U : 56% ; D : 44% 1 U : 90% ; D : 10% 2 67% 28% 5% 4’ 71% 19% 10% 

IV 4 88% 2% 10% 2 77% 21% 2% 4 68% 22% 10% 2’ 77% 16% 7% 

 
 Session 5 Session 6 Session 7 Session 8 

order game H AH N game H AH N game H AH N game H AH N 
I 1 U :89% ; D : 11% 3 U : 40% ; D : 60% 2 84% 7% 9% 4’ 41% 38% 21% 

II 2’ 69% 22% 9% 4’ 19% 70% 11% 4 82% 16% 2% 2’ 65% 12% 23% 

III 3 U : 44% ; D : 56% 1 U : 85% ; D : 15% 2’ 88% 10% 2% 4 83% 7% 10% 

IV 4’ 76% 20% 4% 2’ 19% 73% 8% 4’ 88% 10% 2% 2 91% 4% 5% 

` 
Table 4: Games 1 and 3: frequency that U or D is played in 10 periods. Games 2, 2’, 4, 4’: frequency of Horn 
(H), Anti-Horn (AH), Failure to communicate (N, = neither Horn nor anti-Horn) over all 20 periods. Roman 
numbers denote the order in which the sessions were played. 
 
 
Appendix C 
 
Session Treatment 1 Treatment 2 Treatment 3 Treatment 4 
1 Game 1 

(pooling) 
Game 2  
(standard, costs) 

Game 3  
(pooling) 

Game 4  
(modified, costs) 

2 Game 3  
(pooling) 

Game 4  
(modified, costs) 

Game 1 
(pooling) 

Game 2  
(standard, costs) 

3 Game 2’ 
(standard, no costs) 

Game 4’ 
(modified, no costs) 

Game 2  
(standard, costs) 

Game 4  
(modified, costs) 

4 Game 4  
(modified, costs) 

Game 2  
(standard, costs) 

Game 4’ 
(modified, no costs) 

Game 2’ 
(standard, no costs) 

5 Game 1 
(pooling) 

Game 2’ 
(standard, no costs) 

Game 3  
(pooling) 

Game 4’ 
(modified, no costs) 

6 Game 3  
(pooling) 

Game 4’ 
(modified, no costs) 

Game 1 
(pooling) 

Game 2’ 
(standard, no costs) 

7 Game 2  
(standard, costs) 

Game 4  
(modified, costs) 

Game 2’ 
(standard, no costs) 

Game 4’ 
(modified, no costs) 

8 Game 4’ 
(modified,no costs) 

Game 2’ 
(standard, no costs) 

Game 4  
(modified, costs) 

Game 2  
(standard, costs) 

 
Table 5: Sequence in which the treatments were run. 
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