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BASIC SIGNAL HEARDING MODEL

Banerjee’s (1992)
restaurant herding model with sequential
moves and publicly observable signals:

e Unique Decision Variable

e Sharp Changes in Decision Probabilities

e Almost Immediate Decision Herds

Too restrictive?




OUR APPROACH

Generalization of Banerjee’s Model

Two Decision Variables

Signals received on the probability density function of
the second variable

Bayesian Learning based on received signals
Decision based on signals and observed first variables
Smooth Decision Probabilities

Different Risk Attitudes

+» Immediate Decision Herds

MAIN ASSUMPTIONS
GOODS, UTILITIES AND PROBABILITIES




GOODS AND ADDITIVE UTILITIES

V{1, ..., a) € H‘\',, ul({ry, .o )) = u () 4 - -+ g (ag).

i<n

PROBABILITY DENSITY FUNCTIONS

For every i < n, pu; + X; — [0,1] is either a continuous probability

density or a non-degenerated discrete probability density on X.

CERTAINTY EQUIVALENT VALUE

For every i < n, let E; denote the expected value of u;

E, = / i (g e () dxy
Jx;
For every i < n, ce; is the element of X; whose utility w;(ce;)

equals the expected value of u,;, that is:

ce; = N:l (E5) .

EXPECTED SEARCH UTILITIES




THE F(X;) FUNCTION

F(a1) describes the decision maker’s expected utility derived from checking the second
characteristic o of good A after observing that the value of the first characteristic is given hy ;.

\ de. ' . a )
P(ay) kef / pta (2 (g () + 1o (0] ) g + / pa(wa) (Ey + Fa)dig
S P ) S P ()
where

Pr(xy) ={ag € XoNsupp(pa) s uslan) > Ey 4 Ey — uy(2)}
P~ () = {9 € Xo N supp(pia) : ualwa) < By + g — uy(17)}
FP7(x1) and P~ () deline the set of values for the second i characteristic from good A

such that their combination with the observed first 2 characteristic delivers a respectively
higher or lower-equal utility than a randoemly chosen good from G.

THE H(X;) FUNCTION

H(xy) describes the decision maker’s expected utility obtained from checking the first
characteristic ¢, of good B after having observed the value of the first characteristic 2, from good A.

def " . ' . .
Hir) = / o () o (30 ) + )y, + / g (1) (ma{u (), By} + Ep)dy,.
JQTT) JQ(31)

where
Q7 () = {yn € Xy Ovsupp(pr) = ug(y) > masu (), Br})
Q7 (1) = {mn € Xy nosupplpr) = wy(yr) < maxuy (), £}

Q" (21) and Q7 (1), define the set of values for the first 41 characteristic
from good B such that they deliver a respectively higher or lower-equal utility than the
maxinmm between the observed first 2, characteristic from good A and a randomly chosen good from G|




ADDING SIGNALS AND LEARNING

SIGNALS ON THE UNIFORMLY DISTRIBUTED SECOND CHARACTERISTIC
L
TR B = N 1B

J(waler, B) = { 0 otherwise.

DOUBLE THE PROBABILITY MASS OF A SIGNAL
ON THE UPPER HALF OF THE DENSITY FUNCTION

2 ifa, e85,
Tr(().rzj—{ Ba 2 €[5 I
2

sa—ay a2 € [ev, 5.

BAYESIAN BELIEFS UPDATE AFTER 1 SIGNAL

?F(0|J’2]f(-f’2]
x|l =1)=
,[(12.‘ l] ‘J:\v_‘ TT(0|J:2]_f(-J-IZ]ri-!-'Z

BAYESIAN BELIEFS UPDATE AFTER 2 SIGNALS

o oy FT(0|.J.'2]I(;J:Z|0 =1)
flag|f=2)= ‘Jﬂ,\'_, w(0|22) f(2]0 = 1)das




ABSENCE OF LEARNING

RISK NEUTRALITY

Utility functions: (oo 11y
Probability densities: both continuous and uniform
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RISK AVERSION

Characteristic spaces: X, =[5.10], X, =[0.10]
Utility functions: 2, (x,) = fx; ; w,(x,) = .fx,
Probability densities: both continuous and uniform
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A NATURAL HERD?
Charmacteristic spaces: X, = [:'-_,10] XL = [O_,IO]
Utility functions: wu,(x, )= ol Doua(xs) ?
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ENTER LEARNING

NO SIGNAL AND RISK NEUTRALITY

Characteristic spaces: X, = [5,10], X, =[0,10]
Utility functions: (0 ) =20 u.(x, ) =x,
Probability densities: both continuous and uniform
1.

=X, uix)= Vx, € X,, f(x)=—

1
10

|

15.5

14.5

13.5

F (1 M)

Hxl M)

H(x 1)

Faolm)

cel




ONE POSITIVE SIGNAL AND RISK NEUTRALITY

Utility functions:
Probability densities: both continuou
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TWO POSITIVE SIGNALS AND RISK NEUTRALITY
Characteristic spaces: &
Ttility functions: 2y (x; R oY |
Probabilitv densities: both continuous
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COMPARING SIGNAL EFFECTS

Characteristic spaces: X, = [5_,10] XL = [O_,'LO]
Ttility functions: (30 = 3 2,(x.) = x5
Probability densities: both continuous and uniform
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CONCLUSIONS

» A principal can easily issue signals so as to manipulate the
choice of uninformed but perfectly rational agents.

» A positive relationship is obtained between the number of
signals issued by a principal and the induced bias on the
choice probability of agents.

» Agents seem to become less risk averse as the number of
signals on a given good increases.

» A set of single signals issued by a subset of principals
suffices to generate the herding mechanism described by
Banerjee within the entire set of agents.




