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Methodologies in game theory

Philosophical/Scientific questions

@ Why is signaling stable?
© How can reliable signaling come to emerge?
e Under what conditions?
e What learning/evolutionary processes?
e Is there a difference in efficiency among different
situations/processes?
© What is the correct methodology?
© What constitutes signaling?
e How can it be distinguished from other phenomena?
© Is there continuity (or similarity) between human language
and this type of signaling?
e Do animal signals have meaning?
e Can animals have {grammar, pragmatic distinctions,
reference, etc.}?
o Is there deception?
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Signaling and Game Theory

Introduction
Methodologies in game theory

The static methodology

@ Construct a game
@ Find its equilibria

Cooperate Alone

Cooperate

Alone




Signaling and Game Theory

Introduction
Methodologies in game theory

The dynamic methodology

@ Construct a game

@ Describe a mechanism for
strategy revision

@ Find the long run
outcomes of this system

Cooperate Alone
o« @ >®
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The Lewis signaling game

Pure Common Interest S
Analysis of common interest
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The Lewis signaling game

Pure Common Interest =
Analysis of common interest

Lewis signaling game

Sender Receiver
States Signals Acts
1 > | > 1
2 2 2
3 > 3 > 3

Y

Y

N

Y

N

Y

N

Kevin J.S. Zollman Signaling



The Lewis signaling game

Pure Common Interest . :
Analysis of common interest

Multiple potential end points

@ Signaling systems [2°l

Sender Receiver

e Unique ESS [0 States Signals Acts
: . I ! i
@ Total pooling equilibria 4! 2 > 2
3 3 3

@ Partial pooling
equilibria (38!

@ Which are likely end points N N N
of evolution or learning?
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The Lewis signaling game

Pure Common Interest . :
Analysis of common interest

Dynamic approaches

@ Population dynamics (evolutionary processes)

e Replicator dynamics 7]

e Replicator mutator dynamics ['4
Frequency dependent Moran process 26

e Spatial evolution [0
@ Learning dynamics (individual learning)
Win-stay/Lose-switch or Win-stay/Lose-randomize 311271 [5]
Imitation dynamics (€]
Herrnstein reinforcement dynamics (and variations) ['}-[32]
Best response dynamics
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The Lewis signaling game

Pure Common Interest . :
Analysis of common interest

A special case

@ Two states, two signals, two acts; states equiprobable
@ Signaling is guaranteed to emerge in the replicator
dynamics ['8]
e Other evolutionary models seems similar 2% [44]
@ Signaling is guaranteed in Herrnstein reinforcement
learning [11[35]
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The Lewis signaling game

Pure Common Interest . :
Analysis of common interest

Evolutionary models (general case)

@ Without mutation 201 [19]:[29]

e Sometimes perfect languages evolve
@ In some cases no information emerges
e Sometimes imperfect languages evolve

@ With mutation [13}-[161.[19]. [28]

e Inefficiencies reduced, but not eliminated
@ With population structure [39)[44]

o Helps, details to follow...
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The Lewis signaling game

Pure Common Interest . :
Analysis of common interest

Learning (general case)

@ Win-stay/Lose-switch and Win-stay/Lose-randomize %]
e Extremely unstable to errors

@ Herrnstein reinforcement learning — like replicator
dynamics [11[21135]
@ Persistent randomness helps °!

e Forgetting the past
o Persistent shocks

@ Learning and evolution interact to improve efficiency 3!
@ High rationality dynamics — little is known
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The Lewis signaling game

Pur mmon Interest . 3
ure Co Analysis of common interest

Extending Lewis’ game

@ Additional actions or information [19][4°]
e Indicative/Imperative
@ Multiple senders and/or receivers [31:[4].[34]. [35]

e Syntax
o Natural kinds
e Information transmission
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The Lewis signaling game

Pure Common Interest . :
Analysis of common interest

Philosophical/Scientific questions

@ Why is signaling stable?
@ How can reliable signaling come to emerge?

e Under what conditions?

e What learning/evolutionary processes?

o Is there a difference in efficiency among different
situations/processes?

© What is the correct methodology?
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Partial Common Interest eception and mate signaling

Conflict of interest




Cost
The Sir Philip Sidney game
Partial Common Interest Deception and mate signaling

Three canonical cases

@ Signaling between relatives
© Signaling between potential mates
© Signaling between potential rivals
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Cost
The Sir Philip Sidney game
Partial Common Interest Deception and mate signaling

The problem of honesty...

@ All these circumstances feature
some conflict of interest

@ Here the question of stability has
bite
@ The standard answer is cost




Cost
The Sir Philip Sidney game
Partial Common Interest Deception and mate signaling

Spence and Zahavi

@ Why major in philosophy?
@ Why does it function as a
signal? [36]
o Cost varies with type

@ Similar problems/answers in wot €
biology [41],]42] - e .

©C.J. Richey
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The Sir Philip Sidney game
Partial Common Interest Deception and mate signaling

Grafen and Hurd

@ Cost need not vary with
type, benefit can too [13]

@ Gain from lying
outweighed by cost ['7]
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Partial Common Interest Deception and mate signaling

Chick begging

@ The phenomena of chick
begging

@ This can generate a
conflict of interest

@ Why should
communication be honest?

©ldaj
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The Sir Philip Sidney game
Partial Common Interest Deception and mate signaling

The game

@ Two players: the parent
and the chick

@ The chick has two states of
need healthy or needy

@ The chick has four
strategies: beg (or not)
dependent on state

@ The parent has four
strategies: transfer some
good to the chick (or not)
dependent on the chick
begging (or not)
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Cost
The Sir Philip Sidney game
Partial Common Interest Deception and mate signaling

The game

@ Begging may entail some
energetic cost

@ This is often the
explanation for stability in

situations of
conflict [24:[25],[33]
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The Sir Philip Sidney game
Partial Common Interest Deception and mate signaling

A few problems

@ Experiments rarely demonstrate significant cost [3°!
@ Non-signaling equilibria may be Pareto-superior [6]:[22].[7]
@ |t can be very hard to evolve to signaling equilibria

@ An odd explanation
e The stability question is answered...
e ... at the cost of introducing a mystery to the evolutionary
question.
@ A few potential alternatives
@ No conflict of interest
e Partial pooling (6122} [7]
e Spatial structure 2]
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Partial Common Interest Deception and mate signaling

Mate signaling, three stories

@ Sensory manipulation [0]
@ Sexual selection (the sexy son)[12]
@ Signaling
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Partial Common Interest Deception and mate signaling

Coloration in fish

@ Could be sensory manipulation
@ Could be sexual selection
@ Could be signaling
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Deception?

e 04 °
o
g L
. . B o2
© Low quality males signalas much ¢ |
as high quality males [°] g .
S oo}
@ Appears to be a case of “bluffing” & |
@ Similar to mimicry ? o2

Lipid (%)

From [
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Philosophical/Scientific questions

@ Why is signaling stable?
@ How can reliable signaling come to emerge?

e Under what conditions?

e What learning/evolutionary processes?

o Is there a difference in efficiency among different
situations/processes?

© What is the correct methodology?
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The Sir Philip Sidney game
Partial Common Interest Deception and mate signaling

More questions...

@ What constitutes signaling?
e How can it be distinguished from other phenomena?
© Is there continuity (or similarity) between human language
and this type of signaling?

e Do animal signals have meaning?

e Can animals have {grammar, pragmatic distinctions,
reference, etc.}?

o Is there deception?
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Much to do

@ Questions of methodology
@ Formal questions
@ Empirical questions
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Partial Common Interest
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