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Introduction 
This paper offers a modification of Sasidevan and Sinha’s (2015) Co-Action 
Equilibrium as a solution of non-symmetric signalling games. We offer a brief account 
of how this solution applies to the interpretation of ambiguous utterances. 
 
Game theory is well-studied branch of applied mathematics, originally developed within 
the context of economics. Lewis (1969) applied game theory to signalling games, and 
offered a solution to the paradox of convention in language. The paradox was this: 
arriving at a conventional meaning requires negotiation, while negotiation requires 
language, and language seems to require conventional meaning; and the cycle repeats. 
Lewis showed that a stable signalling system could emerge via a simple process of 
interaction, noting whether or not that interaction ended successfully, and repeating 
successful behaviours. Recent work has applied similar logic to illustrate the emergence 
of cognitive categories with a perceptual domain (e.g., Loreto et al, (2012) obtained the 
colour hierarchy via a category game). 
 
Within linguistics, game theory has been applied a wide variety of different areas, 
including, but hardly limited to: pronominal binding (Clark, 2012), marked/unmarked 
utterances and their interpretation (van Rooy, 2004), the evolution of syntactic (versus 
holophrastic) communication (Nowak, et al., 2000), miscommunication and repair 
(Benz, 2011), and updating lexically encoded concepts in L2 acquisition (Sinclair, 
2016). 
 
1. Signalling Games and Equilibria 
A game, in relevant sense, requires two or more players. The outcome of the game – 
that is, how desirable or undesirable it is – for any given player depends on the 
aggregate choices of all of the players in the game. For illustrative purposes, consider a 
two-player coordination game, “Bach or Stravinsky (BoS).” The two players, Alice, and 
Bob, are faced with a choice between two concerts. Alice prefers Stravinsky, while Bob 
prefers Bach. However, both Alice and Bob agree that it is better to go to their dis-
preferred concert with a companion than to go to their preferred concert alone, and 
neither wants to attend their dis-preferred concert alone. This can be represented 
formally as a payoff matrix (Alice’s payoffs are on the left (white background), and 
Bob’s are on the right (grey background): 
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 Bob 
Alice Bach Stravinsky 

Bach 2 3 0 0 
Stravinsky 1 1 3 2 

  
Signalling games are a subset of coordination games. In BoS, like other coordination 
games, players achieve better payoffs by making the same choice as other players (i.e., 
Bach-Bach, or Stravinsky-Stravinsky). Signalling games add a layer of complexity via 
private information. In BoS, Alice and Bob  
have common knowledge of the game: both have the same knowledge of the choice 
before them, and are aware of the other’s preferences. In a signalling game, the signal 
sender has some piece of information that the signal receiver does not; for the moment, 
we will refer to this private knowledge as the state of the world. Briefly consider a 
simple signalling game, consisting of two world states (W, w), two signals (S, s), and 
two responses (R, r) for the receiver. The sender, Alice, is indifferent between her two 
signals; the only concern for Alice and Bob is that Bob’s reaction is appropriate to the 
world state. That is, the payoff of (W, R) = (w, r) > (W, r) = (w, R). Bob does not have 
direct access to Alice’s knowledge of world – W or w – so he must rely on an arbitrary 
signal. The signal itself has no effect on the payoff, so both (W, S, R) and (W, s, R) are 
equally good. 
 
For ease of exposition, we will refer to the following payoff matrix: 
 

 Bob 
Alice Cooperate (C) Defect (D) 

Cooperate (C) R, R S, T 
Defect (D) T, S P, P 

 
Equilibrium concepts are (mathematical) descriptions of how players make choices 
within a game to satisfy some constraint, typically maximising their own payoff. 
Equilibrium concepts may be pure strategies, or mixed; that is, a player may opt to use 
only a single action (such as D), in all situations, or play C with probability p and D 
with 1 – p.  
 
The most widely known equilibrium concept in game theory is the Nash Equilibrium 
(NE). NE assumes that players are selfish, and somewhat myopic in their choices. A 
player adopting a mixed NE strategy may obtain a higher payoff by changing using 
some other strategy, but cannot obtain a higher payoff by making a unilateral change. In 
BoS, Alice does best by only attending Stravinsky concerts; Bob does best by following 
her – though he would prefer that they both go to Bach. If Bob tires of Stravinsky, and 
decides to attend a Bach performance, without telling Alice, both worse. Any change 
from a Nash-stable (Stravinsky, Stravinsky) equilibrium must be negotiated between the 
players. In this case, Alice and Bob can obtain the best overall payoff by agreeing to 
alternate between Bach and Stravinsky. ((B, B), (S, S), (B, B), (S, S), ...). In this 
strategy, neither player can improve their payoff without hurting the other player; this is 
known as Pareto dominance. Pareto dominance does not imply Nash stability. Osbourne 
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and Rubenstein (1994) give a detailed description of BoS, NE, and all other related 
concepts. 
 
Sasidevan and Sinha (2015) offer a different equilibrium, the Co-Action Equilibrium 
(CAE). Rather than envisioning selfish players as in NE, CAE assumes that players 
view each other as equally rational. Thus, Alice assumes that, faced with the same 
decision, Bob will make the same decision as her. If there is a single Pareto dominant 
choice, for example (C, C), then the players will choose that. If (T, S) > (C, C), then 
Alice and Bob will an appropriate mixed strategy to reach a Pareto dominant 
equilibrium. (See Sasidevan and Sinha (2015) for the relevant mathematics.) 
 
While CAE is a “friendlier” equilibrium than NE, its application is limited to 2x2 
symmetric games (i.e., those in which players have two actions to choose from, and 
identical payoff profiles, as in the TRSP matrix above). This extremely well-suited to 
certain non-cooperative games, like the Prisoner’s Dilemma (where T > R > P > S), but 
less well suited to games with higher degrees of ambiguity. Here we depart from the 
CAE in form, but keep its central logic: “If the other player is like me, she will make the 
same choice as me.” 
 
2. Player Similarity and Utterance Interpretation 
Our interest is in a class of signalling games illustrated by the following matrix: 
 

   Bob 
 Meaning Utterance m’ m’’ 

Alice 
m’ 

u’ R’ S 
u T’ P 

m’’ 
u P T’’ 

u’’ S R’’ 
Where: T >> R >> P = 0; and S is judged to be an impossible outcome. 

 
A very similar game is analysed in Clark (2012, chapters 6-7). For some pair of 
meanings, m’ and m’’, Alice has a choice between an ambiguous utterance, u, and an 
unambiguous one (u’ for m’, and u’’ for m’’). Bob is aware of the two meanings that 
Alice may wish to communicate, but her preferences regarding m’ and m’’ are private 
information; Bob can only gain access to this information by post hoc deduction. In 
addition to Alice’s private information, this game makes use of shared information, and 
public information. 
 
We define the game G, as G(P, M, U, X, π). P is the set of players, M the set of 
meanings, U or utterances. X is the set of (relevant) information, such that X = {XA, XB, 
X⋂, XΩ} We denote Alice’s private information by XA, Alice and Bob’s shared 
information by X⋂ =XA⋂XB, and the public information by XΩ.  π(-) is the utility 
function, so that πA(XA, XΩ) yields a 2x2 payoff matrix for each of the meanings 
available to Alice, indicating that Alice’s preferences are informed by her private 
knowledge, and the state of the world. πB(X⋂, XΩ) is Bob’s payoff function; Bob’s 
private knowledge is irrelevant to Alice’s preference over her set of meanings. Bob’s 
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interpretation of Alice’s utterance can only make use of their shared information, and 
public information. 
 
For simplicity, let us assume that Alice wishes to communicate m’. Given that T’ > R’, 
as stated above, Alice prefers to use the ambiguous utterance u. The preference for a 
shorter but more ambiguous utterance is justified by Zipf’s (1953) principle of least 
effort, and its corollary in Horn’s (1984) pragmatic division of labour. Since Alice’s use 
of u’ would force Bob to assign m’, we will focus on Bob’s interpretation of u. 
 
In a NE, we would predict that Alice would mix her use of u and u’ with probability p, 
where  
p = R’/(T’ + R’), so that pT’ = (1-p)R’. This ensures that her expected payoff does not 
rely Bob’s decisions – this is the best payoff she can unilaterally guarantee. (The matter 
becomes more complicated if we include Alice’s m’ and m’’, but we ignore this as it 
seems unlikely that any sane speaker would adopt a mixed strategy on meanings in the 
case of a burning house. If Alice says “It’s hot in here,” one can be reasonably certain 
she means “We should get out,” rather than “I want a glass of water.”) Bob would make 
a similar calculation, and assign m’ with q = T’’/(T’ + T’’). Alice and Bob will 
converge on the same meaning with a probability of pq + (1-p), obtaining a payoff of  
pqT’+(1-p)R’. 
 
CAE cannot be directly applied in G because the information partitions XA and XB are 
not identical, and symmetry in πA and πB cannot be guaranteed. One option is for Bob to 
deduce the probability of m’ given the information available to him, and assign the 
interpretation that he believes has the maximal support, but this is potentially a 
computationally costly effort, and may not be worth Bob’s effort if he does not expect a 
reasonably high payoff. 
 
Alternatively, Bob may rely on Alice’s ostensive communication: by making any 
utterance, Alice implicitly indicates her intention to communicate. Alice’s main goal is 
to communicate something to Bob, and by selecting the ambiguous u, she is also 
implicitly indicating that she believes Bob will correctly interpret her utterance. 
Effectively, Alice’s use of an ambiguous utterance licenses Bob to choose whichever 
meaning gives him a higher payoff. 
 
Of course the claim that Alice’s use of u indicates that Bob should choose his preferred 
interpretation has two problems: first, it offers no guarantee that Bob will make the 
correct choice, and second, it begs the question: How does Alice choose between u and 
u’? 
 
Here the logic of CAE, with minor modification, does apply. Based on XA, Alice wishes 
to communicate m’. Alice is aware of X⋂, and XΩ, and can perform a calculation on 
these information partitions. Crucially, Alice’s computation here is not the same as 
Bob’s, mentioned above. Bob’s calculation would be complex: possibly a series of 
Bayesian calculations for each element of M. Alice’s computation is much simpler: she 
does not need to find a maximum probability, but merely check that the support, σ, for 
m’ reaches a certain threshold, σ(m’| X⋂, XΩ) ≥ θA. (This need not be a probabilistic 
calculation; the same result can be obtained by, for example, a measurement of 
similarity between XA and X⋂). θA may be defined by the importance Alice assigns to 
successful communication, or some other value; it is more important to note that Alice’s 
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monitoring of σ(m’|X⋂, XΩ) is effectively what working memory does. So long as Alice 
has kept track of the discourse, she has a measure of σ – or at least a reasonable 
approximation thereof. We may interpret Alice’s choice between u and u’ as a 
probability distribution with a sigmoid curve: , 
which gives the following distribution (for k = 25, θ = 0.5): 

  
 
 
 
 
 
 
 
 
 
 
 

G now plays out as follows: πA(m’) > πA(m’’), so Alice selects m’. Alice is aware that 
σ(m’|X⋂, XΩ)  ≥ θA, and chooses u with probability W. Bob hears u, indicating that G is 
arbitrarily close to symmetry. Bob chooses max[πB(m’), πB(m’’)].  
 
It is possible that Alice will misjudge the similarity of the information sets; such 
miscommunication is hardly uncommon. If there is a miscommunication, then it will 
likely be caught in a subsequent round, and repaired (cf. Benz, 2011). If σ(m’|X⋂, XΩ) is 
sufficiently high, then it is also possible that Bob will not even be aware of m’’, and 
simply default to m’. 
 
3. Conclusion 
Sasidevan and Sinha’s (2015) Co-Action Equilibium relies on players being in a 
symmetric game; we have argued that a speaker is aware of the degree of information 
asymmetry between herself and her audience, and if the asymmetry is sufficiently small, 
can behave as if it does not exist. Hearing an ambiguous utterance thus indicates to the 
hearer that he is in a symmetric game, and allows him to maximise his own payoff. This 
predicts both successes and failures in communication, and offers a principles position 
from which to analyse such breakdowns. 
 
As a final example, consider Romeo and Juliet: Lady Capulet informs Juliet that her 
cousin, Tybalt, has been killed by Romeo. Juliet says, 
 

“O, how my heart abhors 
To hear him named, and cannot come to him. 

To wreak the love I bore my cousin 
Upon his body that slaughtered him.” (Act III:IV) 

 
Juliet knows that her love for Romeo is still a secret, and she allows her mother to 
interpret the ambiguous phrasing as a cry for revenge. Shakespeare knows that his 
audience has seen the love story unfold, and can be sure that the audience will interpret 
Juliet’s words as desire to grieve with her lover, while rejoicing that he was unharmed. 
Shakespeare also knows that the audience knows the information partition of Lady 

W= (1+exp [k (θ− σ(m'∣X ∩ , XΩ))])− 1
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Capulet, so that the audience is privy to both interpretations, and is also aware of how 
much Lady Capulet is misinterpreting. 
 
Clark (2012) analyses the interpretation of sarcasm; we shall leave the interpretation of 
dramatic irony for another paper. 
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