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Abstract　Metaphor is pervasive in everyday life, and it not only serves as a linguistic 
rhetoric but also functions as a vital cognitive mechanism. Relevance theory (RT), grounded 
in the ad hoc concept and the principle of relevance, provides an illuminating approach to 
analyzing linguistic metaphors. However, challenges persist in achieving its formal analysis. 
Game-theoretic pragmatics (GTP) introduces mathematical models and solution approaches 
to analyze interactive decision-making among multiple participants in language use. The 
Iterated Best Response (IBR) model, within this domain, effectively illustrates from an 
internal perspective how communicators achieve equilibrium (the correct understanding of an 
expression), thus providing advantageous conditions for systematic and comprehensive formal 
analyses of RT. This article employs the IBR model as a fundamental tool to investigate 
the interaction processes among various elements in metaphor usage. It constructs a holistic 
formal analysis framework, offering innovative approaches for the formal interpretation of 
metaphors.

Keywords　relevance theory (RT); linguistic metaphor; game-theoretic pragmatics (GTP); 
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1　Introduction 
Since Aristotle’s era, metaphors have been highly valued for their unique rhetorical functions. 
Traditionally, it has been believed that metaphor represents an ornamental linguistic 
phenomenon and a commonly utilized literary technique. However, metaphor research has 
undertaken a cognitive shift since the 1980s. With the progressive empirical investigations 
and theoretical inquiries by scholars, our perception of metaphors has fundamentally evolved. 
Metaphor is pervasive in everyday life, not just in language but in thought and action. Our 
ordinary conceptual system, in terms of which we both think and act, is fundamentally 
metaphorical in nature (Lakoff & Johnson 1980). Among the numerous theories explaining 
metaphorical phenomena, Relevance theory (RT) offers a notably competitive perspective on 
metaphor usage. This framework, built upon the critical conceptual tools of “ad hoc concept” 
and “principle of relevance,” underscores that the comprehension of metaphors involves lexical 
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broadening inference informed by relevance. While RT analyzes the inference processes 
and constraints involved in understanding metaphors, it remains predominantly descriptive 
or represents a localized formalized methodology from its overall perspective. This article 
aims to apply the increasingly sophisticated field of game-theoretic pragmatics (GTP), 
utilizing the Iterated Best Response (IBR) model, to provide a systematic and comprehensive 
formalization of the explanatory framework.

Part 2 of this article reviews the fundamental views of RT on linguistic metaphors. It 
provides a detailed explanation of the “ad hoc concept” and “principle of relevance,” analyzes 
how RT interprets linguistic metaphors using specific examples and discusses its limitations 
in the formal analytical characterization of metaphors. Part 3 explores various critical 
communicative factors included in the signaling game analysis framework. It introduces the 
solution strategy of the IBR model and demonstrates the feasibility by using GTP methods 
and tools to formalize the descriptive analysis process of RT. Part 4 analyzes linguistic 
metaphors using the IBR model, grounded in the RT discussed in Part 2, constructing and 
solving them formally. Furthermore, it employs this formal analytical tool to systematically 
illustrate how senders of metaphors leverage receivers’ probabilistic beliefs in various 
contexts to achieve specific communicative objectives. The final part summarizes the primary 
insights of this article, highlights its limitations, and offers recommendations to direct further 
research efforts.

2　An Interpretation of Linguistic Metaphors Based on RT
The RT suggests that linguistic metaphors arise from language communication and are 
extensively utilized within linguistic interactions (Wilson 2011). As noted by Dan Sperber 
and Deirdre Wilson (2008), we see metaphors as simply a range of cases at one end of 
a continuum that includes literal, loose, and hyperbolic interpretatioins. Metaphorical 
interpretations are arrived at in exactly the same way as these other interpretation, not 
requiring distinct mechanisms or exclusively unique generalizations. To provide a unified 
explanation for various linguistic phenomena within the continuous system, RT combined 
with lexical pragmatics offers two essential analytical tools: “ad hoc concept” and “principle 
of relevance.” The following text will delve into how RT interprets linguistic metaphors by 
elaborating on these two concepts with specific metaphorical instances.

2.1　Ad Hoc Concept and Principle of Relevance
Understanding language inherently involves the interwoven processes of decoding and 
inference. In terms of vocabulary usage, the process can be outlined as follows: Upon 
receiving a term, the listener decodes its lexical meaning and uses this interpretation as a clue 
to deduce the speaker’s intended message. Consequently, the goal of lexical pragmatics is 
to explain how lexical meanings are dynamically adjusted in the course of communication 
(Wilson 2011, 184). This analysis predominantly concerns two primary forms of semantic 
adjustments: lexical narrowing and lexical broadening. Lexical narrowing describes a 
scenario where a word conveys meaning more specific than its encoded definition, thereby 
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producing a narrowed semantic scope. Lexical broadening pertains to a word conveying a 
more generalized meaning than its decoded sense, thereby extending the range of specifics it 
encompasses (Wilson & carston 2007, 238). Whether lexical narrowing or lexical broadening 
occurs, it can be represented using the following equation:

WORD → [CONCEPT] → [CONCEPT*]
In the equation above, a word undergoes decoding to form a [CONCEPT] reflecting its 

literal meaning. This [CONCEPT] acts as a catalyst for further inference. Influenced by 
context, vocabulary may undergo narrowing or broadening to develop a suitable [CONCEPT*] 
tailored to a specific situation, identified as the ad hoc concept. Wilson and Carston noted 
that understanding vocabulary particularly involves constructing an ad hoc concept or 
specific contextual meaning derived from encoded definitions, contextual data, and pragmatic 
expectations (Wilson & Robyn 2007, 246). 

In lexical pragmatics, ad hoc concepts are analytical tools with strong psychological 
underpinnings. In his research on categorization phenomena, American cognitive 
psychologist Lawrence Barsalou (1987) noted that prototypical narrowing exhibits flexibility 
and context-dependency beyond prior expectations. Psychologist Sam Glucksberg discovered 
a phenomenon resembling lexical broadening during his metaphor research (Glucksberg & 
McGlone 1999). He proposed that a metaphor acts as a category-inclusion assertion, with 
two referents: one being the literal meaning and the other representing a category or situation 
exemplified by the literal meaning. Metaphor comprehension is highly context-dependent. 
From the perspective of RT, the entities or scenarios typically represented by the literal 
meaning form an ad hoc concept that describes the essence of the metaphor and attributes 
specific qualities to it (Glucksberg & McGlone 1999; Hong & Huang 2021). 

The goal of pragmatics is to explain how listeners infer speakers’ intended meaning from 
clues provided by the utterance and context (Wilson 2011, 184). Although the ad hoc concept 
describes how individuals activate and select encyclopedic knowledge during vocabulary 
comprehension, it does not clarify what triggers the construction of such concepts, what 
determines the direction of this construction, or at what point this process concludes. RT 
posits that the principle of relevance provides a specific solution to the aforementioned 
questions. According to RT, there are two general claims about the role of relevance in 
cognition and communication (Sperber & Wilson 1995; Wilson 2000; Wilson 2011; Wilson &  
Sperber 2004):

(1) The principle of cognitive relevance states that human cognition tends to be geared 
toward the maximization of relevance.
(2) The principle of communicative relevance suggests that every act of overt intentional 
communication conveys a presumption of its own optimal relevance.
Under the cognitive principle of relevance, maximizing relevance implies that human 

cognitive evolution enhances efficiency in utilizing cognitive resources under evolutionary 
selection pressures, consistent with the general economic principle guiding human behavior. 
As a universal principle governing the operation of the human cognitive system, human 
perception, memory, and inference mechanisms inherently observe this principle. They 
strive to enhance cognitive effects continually while minimizing processing effort. Since 
the human cognitive system operates under the principle of maximizing relevance, during 
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human communication, a speaker can attract a listener’s attention solely by providing stimuli 
that hold sufficient relevance for the listener. This focus forms the foundation for successful 
communication (Wilson 2011, 185). 

Based on RT, whether a specific stimulus in communication holds optimal relevance 
for an individual depends on two criteria: First, the stimulus must have sufficient relevance 
to warrant the listener’s processing effort; second, the stimulus must represent the most 
relevant choice consistent with the speaker’s abilities and preferences (Wilson & Dan 2004, 
256). In communication, speakers, based on their preferences and abilities, select an explicit 
stimulus with optimal relevance. Upon receiving the explicit stimulus, listeners initially 
assume it possesses optimal relevance, then decode it to obtain lexical meanings. They use 
these meanings as clues to infer a comprehensive explanation along the path of least effort to 
satisfy the expectation of relevance. Because speakers often express interconnected and holistic 
schemas via metaphors, it is often difficult to find a single literal expression that corresponds to 
the metaphors. This characteristic demonstrates the efficiency of language usage (Huang 2020, 
185). This comprehensive interpretation constitutes the information intended to be conveyed by 
the speaker. This inferential process exemplifies a relevance-guided heuristic for understanding:

a. Follow a path of least effort in constructing an interpretation of the utterance (e.g., 
in resolving ambiguities and referential indeterminacies, adjusting lexical meanings, and 
supplying contextual assumptions, deriving implications).

b. Stop when your expectations of relevance are satisfied. (Wilson 2011, 185)

2.2　Case Analysis of Linguistic Metaphors
The heuristic for understanding guided by relevance combines the “ad hoc concept” and 
“principle of relevance,” answering questions about what triggers the construction of such 
concepts, what determines the direction of this construction, or at what point this process 
concludes. The response provided by RT is as follows: Firstly, the expectation of discourse 
relevance prompts lexical adjustments; secondly, this adjustment occurs along the most 
efficient pathway, beginning with the most accessible contextual assumption, broadening 
or narrowing, as well as meanings; thirdly, through the iterative refinement of numerous 
provisional hypotheses, a comprehensive explanation emerges to accommodate relevance 
expectations; and finally, the adjustment process concludes once these expectations 
are satisfied (Wilson 2011, 186). Below, this article examines how RT elucidates the 
comprehension of metaphors through specific examples.

Peter: Is Robert a good accountant?1 
Mary: Robert is a computer.
In the above dialogue, Mary did not respond directly to Peter’s query with a “yes” or 

“no” but instead employed a metaphor. According to RT, upon hearing this statement, Peter 
initially assumed it exhibited optimal relevance. To meet the expectation of relevance, Peter 
began decoding the word “computer” through the most effortless approach, forming its 
lexical meaning [COMPUTER]. He might formulate the following assumptions regarding the 

1 This case is cited from Deirdre Wilson’s paper “Paralles and Differences in the Treatment of Metaphor in Relevance Theory 
and Cognitive Linguistics.”
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encyclopedic knowledge associated with [COMPUTER]:
[COMPUTER]: a type of electronic machine processing large amounts of numerical 

information well …
If Mary’s statement addressed Peter’s query, his expectation for relevance would 

be satisfied. However, the assumptions activated by [COMPUTER] as a whole do not 
straightforwardly satisfy the listener’s expectation for relevance. In a specific context, the 
listener Peter might construct an ad hoc concept [COMPUTER*]:

[COMPUTER*]: a kind of object that can process large amounts of numerical information 
well.

This ad hoc concept [COMPUTER*] contrasts with the lexical concept [COMPUTER] by 
suppressing the encyclopedic knowledge of “an electronic machine.” In other words, when 
Mary says, “Robert is a computer,” she actually implies that Robert is a [COMPUTER*]. 
If Peter comprehends correctly, the conveyed message is that Robert is an accountant who 
can process large amounts of numerical information well. The above dialogue introduces 
an implicit premise2: If an accountant is capable of effectively managing large volumes of 
numerical data without errors, then they are considered a good accountant. By affirming the 
antecedent according to sufficient conditions, Peter deduces that Robert is a good accountant, 
thus meeting Peter’s expectation of relevance and concluding his search for conversational 
significance. The inference process presented in the example can be depicted in Figure 1.

OBJECT
Processing large amounts of
numerical information well

MACHINE
Electronic

Robert Computer

2
1

Figure 1　Inference Process of “Robert Is a Computer”

Figure 1 illustrates two possible interpretations of the given example sentence:
(1) Robert is a [COMPUTER]: Robert is a type of electronic machine that can process large 
amounts of numerical information well.
(2) Robert is a [COMPUTER*]: Robert is an object that can process large amounts of 
numerical information well, but he is not an electronic machine.
According to RT, the listener’s expectations for relevance initiate the development of these 

two distinct understandings. Moreover, guided by the principle of relevance, the listener 
appropriately selects from them. From the analysis above, it is apparent that the employment 
of linguistic metaphors engages various participants, particularly the speaker and the listener. 
The speaker complies with the principle of relevance, selecting a linguistic expression of 

2 As a part of the cognitive context.
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maximum relevance while minimizing the effort exerted. Upon receiving the utterance, the 
listener initially assumes the utterance holds optimal relevance. Subsequently, they deduce its 
meaning within relevant contextual assumptions by following an efficient cognitive path. This 
process incorporates not only decoding but also elements of inference. When the listener’s 
anticipation of relevance is fulfilled, the specific understanding consolidates, effectively 
concluding the search for meaning.

Based on the aforementioned analysis, this article posits that if there exists a tool for 
formal representation capable of comprehensively understanding linguistic metaphors, 
it must possess the following capabilities: Firstly, it should thoroughly encompass the 
essential constituents of communication, including the speaker and listener participating 
in communicative activities, along with their mutual dynamics and shared information. 
Secondly, it should integrate the encoding-decoding processes and the non-demonstrative 
inference involved in communication. The lexical concepts in metaphorical language 
predominantly provide relevant encyclopedic knowledge through decoding processes. The 
encyclopedic knowledge triggered by metaphorical expressions does not always align with 
the speaker’s intended content, requiring the listener to suppress or omit certain aspects 
within a specific context (Huang & Ma 2021). Lastly, it should demonstrate how the principle 
of relevance guides and constrains inference. Inference begins with expectations of relevance 
and concludes when these expectations are satisfactorily met. According to RT, the relevance 
(R) is proportional to the contextual effect (E) and inversely proportional to cognitive effort 
(C). The first question that arises is how to measure E and C, followed by the second question 
of how the anticipation of R plays a role in inference.

GTP, which has gained traction in recent years, can partially meet the aforementioned 
requirements. In the following discussion, signaling games and the IBR model will be 
introduced to analyze how the essential concepts of RT are presented within the analytical 
framework of GTP, covering modeling and quantitative evaluation concerning the analysis of 
linguistic metaphors in RT.

3　Signaling Games and Analysis of the IBR Model
GTP is a notable formal approach to pragmatic analysis that has advanced in recent years. 
Based on game theory established in the fields of mathematics and economics, it aims to 
construct a theory capable of explaining and predicting the communicative activities and their 
dynamics between participants. The American philosopher David Lewis was the pioneer in 
applying game theory to linguistic research. The original intent was to address a philosophical 
inquiry proposed by figures such as Russell and Quine: “Where does conventional meaning 
originate?” Using language as an example, if language itself requires conventions, then the 
conventions governing that language must also be governed by prior conventions, resulting 
in an infinite regress where the establishment of conventions becomes infeasible. Such 
reasoning would lead to an endless recursive cycle. In order to resolve this question, Lewis 
(1969) applied the concepts of signaling games and equilibrium, providing a non-circular 
explanation for the development of conventional meaning and laying the foundation for later 
analyses of human communication behavior using signaling games.
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A basic signaling game consists of two participants: a signal sender and a signal receiver. The 
sender, aware of their own state, transmits a signal to the receiver. Since the receiver cannot 
observe the sender’s state directly, they must infer it from the received signal. This results 
in the sender holding private information. Thus, signaling games belong to the category of 
games with incomplete information. A signaling game can be transformed into a “complete 
but imperfect information game” through the “Harsanyi Transformation” by introducing a 
hypothetical speaker identified as “Nature,” also referred to as “Game Participant 0” (Xie 
2017). The processes and related components of the game can be represented by the game 
tree shown in Figure 2.

(1 1) (0 0)

R R

a1 a2

(1 1) (0 0)

S

N

a1

m1

a2

m2

t2t1

m1

ρ 1 ρ

m2

(0 0) (1 1)

R

a1 a2

(0 0) (1 1)

R

a1 a2

S

Figure 2　Lewis’ Signaling Game

Figure 2 depicts a signaling game comprising three stages: (1) Nature, marked as N, 
uses a probability distribution P to decide the state t1 or t2 of the sender, referred to as S;  
(2) Given its determined state, the sender selects a signal m1 or m2; and (3) Upon receiving 
the signal, the receiver, referred to as R, updates their belief about the sender’s state using this 
information and bases their choice a1 or a2 on it. The dashed line in the diagram illustrates 
that when R receives m1, they cannot ascertain whether m1 was sent by S in state t1 or state 
t2. The digits within the box at the bottom of the diagram represent the different utility 
values resulting from the receiver’s choices, influenced by the sender’s signals, as expressed 
by utility functions in game theory. In this basic signaling game, we assume that both 
participants receive a benefit of 1 unit if the receiver chooses correctly; otherwise, the benefit 
is 0.

Lewis’ signaling game can be depicted as a tuple <{S, R}, T, Pr, M, A, US, UR>. In this 
context, {S, R} indicates the joint participation of the sender and receiver in the game; 
T, M, and A denote the state set, signal set, and action set, respectively; Pr represents the 
probability distribution function that determines the likelihood of various states; US,R is the 
utility function [T × M × A → ℝ] representing the utility values produced by different strategy 
combinations of the sender and receiver. In the signaling game, the sender is required to 
establish a strategy for signal transmission based on differing states, which can be defined 
as a function mapping T to M: S ∈ [T → M]. Similarly, the receiver must determine the 
response strategy upon receiving various signals, represented as a function mapping M to A: 
R ∈ [M → A]. Additionally, a function f is required to assign the appropriate action that each 
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participant in communication aims to accomplish within each specific context. Based on this, 
we can determine the utility function values in different scenarios: If Rk(mj) = f (ti), then Us(ti, 
Rk(mj)) = 1=UR(ti, Rk(mj)) , 0 otherwise (Benz et al. 2006, 28). 

The signaling game presents a relatively complex communication scenario: The sender 
observes an object, develops a specific thought or emotional state, and has multiple signals 
at the sender’s disposal to express it. Since there is not a one-to-one correspondence 
between signals and thoughts, the receiver needs to select an appropriate option from several 
potential signals. If the selected option aligns with the content the sender intends to express, 
communication succeeds, thereby producing a specific communicative effect. Otherwise, the 
communication fails.

Generally speaking, a comprehensive analysis in game theory should provide, besides a 
model that integrates all critical contextual factors, a solution concept to identify the ultimate 
choices of the speaker and listener (Franke 2013). This article’s analysis primarily employs 
the IBR model proposed by Michael Franke (2009). This model incorporates two significant 
findings from behavioral game theory: First, individuals’ inference consistently relies on 
certain focal points3 (Rubinstein et al. 1996), whose identification is significantly influenced 
by the non-demonstrative inference of game participants (Huang 2020); second, participants 
reference the player-type to derive best responses during inference (Camerer et al. 2004). Its 
foundational basis is a meaningful signaling game: 〈{S, R}, T, Pr, M, 〖·〗, A, Us, UR〉. Here, 

〈{S, R}, T, Pr, M, A, Us, UR〉 represents a standard signaling game; 〖·〗 is a meaning function 
assigning semantics to the signal, providing a focal point for participants’ inference. Based 
on this, the IBR model defines participants at various levels and their respective actions: 
Level-0 senders consistently adopt strategies where signals represent semantic truth; Level 
k+1 receivers optimally react to the strategies employed by senders at the previous level. 
Certainly, the inference process may also begin with a Level-0 receiver. Ultimately, the 
described inference process will converge into a stable cyclic state. The specifics of the 
process can be illustrated with Figure 3 (Franke 2009, 55):

S0

R1

S2

R0

S1

R2

Send any true message

Provide best response to S0

Provide best response to R1

Interprets messages literally

Provide best response to R0

Provide best response to S1

... ... ... ...

Figure 3　IBR Inference Pattern

3 The concept “focal point,” initially introduced by Nobel Laureate Thomas Crombie Schelling, fundamentally describes a 
unique Nash equilibrium solution reached through non-mathematical factors such as experience, culture, and cognition, 
especially when mathematical deduction fails to identify it among multiple game choices.
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Figure 3 displays two distinct IBR inference pathways. The left path originates from a 
naїve sender S0, while the right path originates from a naїve receiver R0. S0 constantly sends 
signals that are semantically accurate; R1 optimally responds to the signals from S0, and then 
S2 consequently provides its best response to R1’s actions. Moreover, when inference starts 
from R0, initially, R0 interprets the signal literally, and then S1 generates a best response 
based on R0’s interpretation, continuing in this manner. Ultimately, in certain situations, 
both the sender and the receiver settle on specific strategic actions (Franke 2009, 58). 
These established strategies essentially represent the commonly observed conventions in 
communication. When compared with the solution methodology of Prashant Parikh’s (2001) 
game theory model, the IBR model displays clear benefits. It offers an internal perspective 
based on the communicator’s beliefs, rationality, and potential psychological factors, detailing 
step-by-step how equilibrium is achieved by the communicator. It provides a more insightful 
epistemological framework for resolving equilibrium selection in online pragmatic inference 
and is thus also referred to as cognitive GTP.

The IBR model, based on signaling games, provides an analytical framework that 
includes several crucial elements of communication. Primarily, it emphasizes the interactive 
relationships between communication participants. The signal sender emits a signal reflecting 
the sender’s state, while the receiver interprets and selects responses based on the received 
signal diversity. Moreover, the sender and receiver share certain informational contexts. 
This indicates that participants comprehend the nature of the game environment they are 
engaged in. The game model specifies the information that participants jointly acknowledge. 
Additionally, receivers must make informed choices based on received signals. The extent of 
shared information enhances the rationality of such choices (Van Benthem 2014, 53). Within 
the model, the signal set M and the meaning function 〖·〗 offer choice-making parameters. 
Receivers adjust beliefs through inference from the signals observed. This concurs with the 
code-inference communication model proposed in RT. Finally, the choice-making mechanism 
is driven by principles of rational choice. Rational choice refers to the process of maximizing 
utility based on individual preferences. This concept is similarly aligned with the notion of 
relevance within RT. The utility function provides a framework to measure the cognitive 
effect E and cognitive effort C in comparative terms. According to the computational formula 
for relevance, if cognitive effort C remains constant, then the endeavor to maximize relevance 
R can be equated to striving to maximize the cognitive effect E. The utility value derived 
from the game model signifies the ultimate cognitive effect E. Consequently, it indirectly 
suggests the relevance R. This allows for the quantification of the three most intricate blurred 
concepts within RT as needed.

4　Game-Theoretic Analysis of Linguistic Metaphors
According to the IBR model (Franke 2011, 5), performing a game-theoretical pragmatic 
analysis of a linguistic phenomenon involves the following steps: First, identify the discourse 
to be analyzed and take it as input into the model; second, use the essential framework of 
signaling games to model the critical contextual factors concerning the discourse; third, 
describe the inference process of speakers and listeners during language use utilizing IBR 



XU Cihua, YAN Xiaoshan168

inference; finally, determine the model’s output, namely the predicted optimal behavior, and 
if necessary, compare it with empirical data to ensure alignment.

Now, let us examine this conversation analyzed earlier from the perspective of RT. In 
this instance, the conversational meaning conveyed by the linguistic metaphor “Robert is a 
computer” is interpreted as, “Robert is an object that can process large amounts of numerical 
information well, but he is not an electronic machine.” If we define proposition ϕ as “Robert 
is an object that can process large amounts of numerical information well” and proposition 
ψ as “Robert is an electronic machine,” then within the analytical framework of signaling 
games, we can distinguish two distinct states:

• tϕ∧ψ: Robert is an object that can process large amounts of numerical information well, 
and he is an electronic machine.

• tϕ∧¬ψ: Robert is an object that can process large amounts of numerical information well, 
but he is not an electronic machine.

Whether in tϕ∧ψ or tϕ∧¬ψ, the speaker may use the expression mM: “Robert is a computer,” 
and the speaker can also use a more precise expression mL: “Robert is a type of electronic 
machine that can process large amounts of numerical information well.” Under certain 
contextual interpretations, we further assume Cost(mM) = 0.1 and Cost(mL) = 0.2. 
Metaphorical expressions, as a form of loosely structured communication, rely on the level 
of similarity between the listener’s mental representation and the speaker’s intended concept 
for successful understanding. Thus, we use the function Sim( · ) to represent this similarity 
measurement. Represented by aϕ∧ψ: The best response of the listener to the speaker’s true 
signal in the tϕ∧ψ state is illustrated here. Represented by aϕ∧¬ψ: The listener’s best response to 
the speaker’s true signal emitted in the tϕ∧¬ψ state is delineated. Assume that communication 
benefits Benefit = Sim(tϕ∧¬ψ, aϕ∧¬ψ) = 1, Benefit = Sim(tϕ∧¬ψ, aϕ∧ψ) = 0.3. Considering the 
factors above, we can model metaphorical discourse using the framework of signaling games.

Table 1　Discourse Modeling Variables for Metaphor Use

Pr(t ) αϕ∧¬ψ αϕ∧ψ mM mL

tϕ∧¬ψ p (1, 1) (0.3, 0.3) √ —

tϕ∧ψ 1−p (0.3, 0.3) (1, 1) √ √

Cost 0.1 0.2

The “√” sign in Table 1 gives the semantics of different signals, that is, mM is true in both 
states, while mL is only true in tϕ∧ψ. Based on the above semantics, a Level-0 sender issues 
signals true in all given states; the feasible strategies are:

	 S0 = 
tϕ∧¬ψ  mM

tϕ∧ψ  mM, mL
� (1)

For the strategy employed by Level-0 senders, Level-1 receivers should determine the best 
response. First, based on the principle of consistency, one must calculate the posterior beliefs 
updated from different signals received. The principle requires that the signal receiverʼs 
posterior beliefs align with their prior beliefs and the senderʼs actions. This can be calculated 
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using the following Bayesian belief updating formula:

	 P(t | m) = 
t′∈TP(t′) × P(m|t′)

P(t) × P(m|t) � (2)

When the signal mM is received, the senderʼs actual type cannot be identified, as the signal 
holds true in both cases. In the context of the conversation, assuming tϕ∧¬ψ is more probable, 
it is appropriate to set P = 0.6. Within the IBR model, R1 = BR(µ1): The listener uses the 
Bayesian belief updating formula to compute posterior beliefs:

	

  μ1(tϕ∧¬ψ | mM)

= 
t′∈TPr(t′) × σ1(mM | t′)

Pr(tϕ∧¬ψ) × σ1(mM | tϕ∧¬ψ)

= 
Pr(tϕ∧¬ψ) × σ1(mM | tϕ∧¬ψ) + Pr(tϕ∧ψ) × σ1(mM | tϕ∧ψ)

Pr(tϕ∧¬ψ) × σ1(mM | tϕ∧¬ψ)

= 
0.6 × 1 + 0.4 ×0.5

0.6 × 1  = 0.75

� (3)

If a Level-1 receiver gets the signal mL, the receiver can infer that the senderʼs type aligns 
with tϕ∧ψ, because the sender can issue the signal mL only under the condition tϕ∧ψ. Hence, the 
posterior beliefs under various conditions of signals can be represented as Table 2:

Table 2　The Posterior Beliefs under Various Signal Conditions-1

µ1(t /m) tϕ∧¬ψ tϕ∧ψ

mM 0.75 0.25

mL 0 1

Based on the aforementioned posterior beliefs, the receiver can calculate the expected 
utility resulting from various interpretative choices. When the listener receives the signal 
mM, they may choose aϕ∧¬ψ, or alternatively aϕ∧ψ, but the expected utilities for these different 
choices vary.

	 EU(aϕ∧¬ψ) = Sim(tϕ∧¬ψ, aϕ∧¬ψ) × 0.75 + Sim(tϕ∧ψ, aϕ∧¬ψ) × 0.25

	 = 1 × 0.75 + 0.3 × 0.25 ≈ 0.8� (4)

	 EU(aϕ∧ψ) = Sim(tϕ∧¬ψ, aϕ∧ψ) × 0.75 + Sim(tϕ∧ψ, aϕ∧ψ) × 0.25

	 = 0.3 × 0.75 + 1 × 0.25 ≈ 0.5� (5)
According to the above calculation, upon receiving signal mM, if the listener opts for 

aϕ∧¬ψ, then the expected utility they obtain is EU ≈ 0.8. Should the listener select aϕ∧ψ, 
then the expected utility becomes EU ≈ 0.3. Consequently, to maximize utility, the listener 
should opt for aϕ∧¬ψ. In a similar manner, when the listener receive mL, it is necessary to 
compute the expected utilities of different options. However, this instance is comparatively 
straightforward, as the sender can only send mL under tϕ∧ψ. Hence, the listener can infer that 
the speaker is in the state tϕ∧ψ. Therefore, upon receiving mL, to maximize the expected utility, 
the listener should select aϕ∧ψ. In this manner, we can derive R1’s strategy.
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	 R1 = 
mM  aϕ∧¬ψ

mL  aϕ∧ψ
� (6)

Next, let us analyze S2’s strategy selection. According to the IBR model, S2’s strategy 
represents the best response to R1. When the speaker is in the state of tϕ∧ψ, they can send the 
signals mM and mL. Considering the receiver’s strategy R1, the listener’s distinct signal choices 
result in the respective utilities as follows:

	 U(mM) = Sim(tϕ∧ψ, aϕ∧¬ψ) − Cost(mM) = 0.3 − 0.1 = 0.2� (7)

	 U(mL) = Sim(tϕ∧ψ, aϕ∧ψ) − Cost(mL) = 1 − 0.2 = 0.8� (8)

As the speaker is confined to sending signal mM in state tϕ∧¬ψ, their best response strategy to 
R1 is determined as follows:

	 S2 = 
tϕ∧¬ψ  mM

tϕ∧ψ  mL
� (9)

Finally, the IBR model predicts that for all participants at level K(≥2), identical strategic 
choices can be obtained (Franke 2009, 61). This indicates that the strategy selection reaches 
an equilibrium, which serves as the final output of the model.

	 SK = 
tϕ∧¬ψ  mM

tϕ∧ψ  mL
� (10)

	 RK = 
mM  aϕ∧¬ψ

mL  aϕ∧ψ
� (11)

Based on the case analysis above, we can see that the approach of GTP to formally describe 
linguistic metaphors aligns significantly with the analysis provided by RT. In terms of the 
elements of communication, RT states that communication consists of speakers and listeners, 
while the GTP framework identifies these roles as senders and receivers. RT suggests that 
understanding linguistic metaphors involves extending lexical meaning, requiring the listener 
to decide between “Robert is a [COMPUTER]” and “Robert is a [COMPUTER*].” In the 
framework of GTP, this choice is represented by the notion that the expression “Robert is 
a computer” may be true under two different conditions. This means the expression carries 
ambiguity. According to RT, language communication follows the principle of relevance, 
aiming to derive sufficient cognitive effects with the least cognitive effort. GTP assumes that 
both speakers and listeners are rational. In this context, rationality implies that speakers and 
listeners aim to maximize their own benefits. This foundational concept closely resembles 
the core proposition of the principle of relevance. The consistency observed in these various 
aspects demonstrates that the analysis of linguistic metaphors within RT corresponds well to 
the quantitative models offered by GTP.

In the analysis using GTP, the listener’s prior beliefs about different states significantly 
determine their final choices. In the previous analysis, assuming P= 0.6, upon hearing mM, the 
listener’s optimal choice is aϕ∧¬ψ. However, if the value of P changes to 0.2 while all other 
conditions remain constant, the listener’s posterior beliefs under various signal conditions are 
presented in Table 3:
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Table 3　The Posterior Beliefs under Various Signal Conditions

µ1(t/m) tϕ∧¬ψ tϕ∧ψ

mM 1/3 2/3

mL 0 1

Based on the above posterior beliefs, when the listener receives the signal mM, they can 
choose the aϕ∧¬ψ option or the aϕ∧ψ choice, with the resulting expected utility being expressed 
as:

	 EU(aϕ∧¬ψ) = Sim(tϕ∧¬ψ, aϕ∧¬ψ) × 1/3 + Sim(tϕ∧ψ, aϕ∧¬ψ) × 2/3

	 = 1 × 1/3 + 0.3 × 2/3 ≈ 0.5� (12)

	 EU(aϕ∧ψ) = Sim(tϕ∧¬ψ, aϕ∧ψ) × 1/3 + Sim(tϕ∧ψ, aϕ∧ψ) × 2/3

	 = 0.3 × 1/3 + 1 × 2/3 ≈ 0.8� (13)
According to the calculations above, upon receiving the signal mM, the listener, aiming to 

maximize expected utility, should choose aϕ∧ψ. This result distinctly differs from the choice 
observed when P = 0.6. This raises the question: In the context of real-world language 
comprehension, which factors does the P value reflect, and how does the listener determine 
the P value?

According to RT, lexical concepts activate an organized set of encyclopedic knowledge, 
whose accessibility varies depending on the context, thereby influencing the relevance of 
discourse (Wilson 2011, 287). In the example “Robert is a computer,” contextual influences 
increase the accessibility of the encyclopedic knowledge entry “can process large amounts 
of numerical information well” while decreasing the accessibility of the entry “electronic 
machine.” The accessibility of encyclopedic knowledge entries discussed here essentially 
reflects our judgments about the plausibility of certain encyclopedic entries in given 
contexts. The discourse itself and the context in which it occurs interact to jointly determine 
which entries are more likely. Thus, in the game-theoretic analysis model, the listener’s 
prior and posterior beliefs serve as key metrics that comprehensively reflect the interaction 
between discourse components and contextual elements. Accessibility, a concept rooted in 
psychological reality, plays a significant role in RT. The GPT framework can also incorporate 
this crucial concept through the application of probabilistic belief approaches.

Probabilistic beliefs provide explanations for metaphor usage’s cognitive aspects at the 
individual level and its communicative roles at the group level. Ted Cohen noted that in 
addition to their cognitive and aesthetic functions, metaphors contribute to enhancing intimacy 
(Cohen 1978, 8). By using a metaphor, the speaker issues a concealed invitation, which the 
listener accepts through a special effort; this transaction constitutes the acknowledgment of a 
community. Additionally, Cohen observed that the sense of close community results not only 
from the shared awareness that a special invitation has been given and accpeted, but also from 
the awareness that not everyone could make that offer or take it up (Cohen 1978, 9). In daily 
life, metaphors are often communicated through public channels. Why can some individuals 
comprehend them promptly while others remain unable to grasp their essence? Cohen 
proposed that a figurative use can be inaccessible to all but those who share information 
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about one another’s knowledge, beliefs, intentions, and attitudes (Cohen 1978, 9). We may 
reinterpret Cohen’s findings within the analysis framework provided by GTP. Because certain 
listeners share particular elements of knowledge, beliefs, intentions, and attitudes with the 
speaker, they can form relatively accurate prior beliefs, known as P-values. On the other 
hand, listeners lacking the required shared knowledge, beliefs, intentions, and attitudes fail 
to form accurate prior beliefs, resulting in misinterpretation. This phenomenon also explains 
why metaphorical expressions can achieve directional dissemination through public channels, 
serving their distinct social roles effectively.

5　Conclusion
Relevance theory (RT), grounded on essential conceptual tools such as ad hoc concept and 
principle of relevance, provides a highly effective framework for the analysis of linguistic 
metaphors. Nonetheless, concepts within RT like “mutual manifestness,” “non-demonstrative 
inference,” “relevance,” “cognitive effects,” “cognitive effort,” and “cognitive context” 
introduce substantial challenges for the formalization of theoretical explanations. The IBR 
model in GTP takes into account variables, such as “shared information,” “signal strategy,” 
“rational choice,” “utility,” and “probabilistic belief” of communication participants when 
constructing models. Its solution methodology adopts an internal perspective, systematically 
demonstrating how communicators achieve a balanced equilibrium—a correct interpretation 
of the meaning of expressions. Consequently, this model provides favorable conditions for 
conducting a comprehensive formal analysis of RT. This study reveals a notable alignment 
between the analytical approaches of RT and GTP for linguistic metaphors through 
comparison, supporting the feasibility of employing GTP’ methodologies and tools to 
holistically formalize the descriptive analyses of RT. Based on this foundation, employing 
the IBR model as a fundamental tool, complemented by the analytical approach to linguistic 
metaphors under RT and supported by specific examples, this systematically illustrates the 
interactive dynamics of various factors influencing metaphor usage, thereby establishing 
a holistic and formal analytical framework that addresses the shortcomings in linguistic 
metaphor formalization. Additionally, we further apply this inclusive formal analytical 
framework to explain how senders of linguistic metaphors utilize the probabilistic beliefs 
held by receivers in diverse contexts to achieve certain social functions. However, this study 
focuses solely on analyzing a typical linguistic metaphor and does not extend to cover other 
diverse categories of linguistic metaphors. Furthermore, GTP is a formal pragmatic analytical 
method that continues to evolve and improve. Consequently, we believe that as more game 
models and solving methodologies are proposed, GTP can provide better formal descriptions 
of metaphorical phenomena.
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