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Outline

Literature on price dispersion
Search externalities
The digital divide

The model
n firms competing on prices
consumers are heterogeneous in searching
possibilities
they buy one good at lowest price

Price dispersion is a characteristic of equilibrium

Comparative statics
more search from partially informed consumers may
have negative externalities on low–informed ones
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Price dispersion

Stigler (1961) “The Economics of Information”:

firms exogenously price randomly

optimal strategy for buyers is to sample only some firms

comparative statics changing the pricing random distribution

Wilde & Schwartz (1979) and Varian (1980) (WSV):

buyers are either uninformed or fully informed

firms compete on prices

there are no equilibria in pure strategies

there is a symmetric equilibrium in mixed strategies
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A growing literature

Baye & alii (2006): ≃120 papers building on Stigler (1961)
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Empirical literature on price
dispersion(1/3)
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Empirical literature on price
dispersion(2/3)
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Empirical literature on price
dispersion(3/3)

Morgan & alii (2006): experimental evidence
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Search externalities

In the WSV model:

as uninformed customers become informed

lower expected prices for all

Received conclusion

there is a positive externality

more search increase consumers’ welfare

the promotion of internet access increases social welfare

Our point:

the externality may be negative if we include partially

informed buyers
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The digital divide

Rosenthal (1980) on the WSV model:

more firms ⇒ increase of expected charges

more competition is bad

Morgan & alii (2006) (Digital divide):

more firms ⇒ decrease expected price for informed buyers

competition is bad for uninformed but good for informed

Our point:

it is not competition per se that creates digital divide

if the sampling set of already partially informed buyers increase it is bad for
low–informed buyers, good for high–informed ones
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The model: a one–shot game

one good, n homogeneous firms,
constant marginal cost (c = 0)

mass 1 of buyers, one unit of good per capita
q1 of them see a single price at random
q2 of them sample two prices, . . .
qn are totally informed
∑n

i=1 qi = 1, ~q is the search distribution

consumers buy at lowest price, if not above r

firms compete on prices
they know only distribution ~q (marketing surveys)
any p ≥ 0 is in the strategy profile
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A network interpretation

An alternative interpretation of the model:

buyers and sellers are on a fixed exogenous bipartite
network

sellers know only the degree distribution
Bayesian Nash equilibrium as in Galeotti & alii
(2007)

Kranton & Minehart (2001), Corominas–Bosch (2004)
and Blume et al. (2008):

bargaining with full information
soon very complex
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Bertrand competition and monopoly

Lemma 1 (Bertrand competition)
If q1 = 0, each firm will set p = 0.

Idea of the proof

to charge alone maximal price p̄ gives null profit

at least two charge the same price p

suppose p > 0 ⇒ p − ǫ is better

Lemma 2 (Monopoly) If q1 = 1, each firm will set p = r.

The interesting case is 0 < qi < 1
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Price distribution

Proposition 3 Take ~q with q1 ∈ (0, 1):

no equilibrium in pure strategies

unique symmetric equilibrium in mixed strategies
price distribution function f~q(p)

cumulative distribution F~q(p) =
∫

f~q(p) dp

support on [pmin, r]

pmin =
q1r

∑n

j=1 jqj

F~q(p) = 1 − Φ−1
~q

(

q1r

p

)

, with Φ~q(x) ≡
n

∑

i=1

iqix
i−1.
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Idea of the proof

no equilibrium in pure strategies

any point of mass in the distribution is dominated by
a small shift above or below

there exist an equilibrium in mixed strategies

check that the proposed one works
same expected profit as r for any price in the
support

p

n
∑

j=1

jqj [1 − F (p)]j−1 = q1r

that is Φ~q (1 − F (p)) = q1r

p

Φ~q monotonically increasing: F~q(p) = 1 − Φ−1
~q

(

q1r

p

)
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Expected payments

Lemma 4 The expected price paid by a buyer sampling i sellers is (i.i..d. distributions)

pi = i

∫ r

pmin

p (1 − F (p))i−1 dF (p) = q1r

∫

1

0

ixi−1

Φ~q(x)
dx .

It is clear from the definition that p1 > p2 > · · · > pn.
Average expected payments equal expected profits

n
∑

i=1

qipi = q1r

∫

1

0

n
∑

i=1

qi
ixi−1

Φ~q(x)
dx = q1r

∫

1

0

Φ~q(x)

Φ~q(x)
dx = q1r

Search distribution ~q determines expected payments, but only q1 influences the average.

Global welfare is trivial

the goods sold in equilibrium are constant
(one for each consumer, normalized to 1)
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A tractable example

Logarithmic search distribution: qi ∝
αi

i

setting n → ∞ and normalizing:

qi =
αi

−i log(1 − α)

F (p) =
p

αr
−

1 − α

α

uniform distribution for p ∈ [(1 − α)r, r]:

pi = r

(

1 −
i

i + 1
α

)

the effect of a change in α is clear
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Comparative statics (1/2)

Proposition 5

take a search distribution ~q

consider ~q′ where q′
1

= q1 − ∆ and q′m = qm + ∆

then f~q(p) FOSD f~q′
(p) and p′i < pi for any i.

Idea of the proof Fq′(p) > Fq(p) for p ∈ (p′min, r] because

p′min < pmin = q1r
∑

jqj
⇒ OK for p ∈ (p′min, pmin]

for p > pmin we have

n
∑

j=2

jqj [1 − F (p)]j−1 = q1

(

r

p
− 1

)

moving ∆ from q1 to qm ⇒ LHS ↑ and RHS ↓

⇒ OK also for p ∈ (pmin, r]
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Positive search externality

Prop. 5: if we let some uninformed buyers search more

more search is beneficial for all other buyers

more competition → smaller expected prices

expected profit of firms decreases ( q′
1
r

n
< q1r

n
)
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Example: The WSV model

The case of either uninformed or fully informed buyers is

q1 + qn = 1, so that

p1 = q1r

∫ 1

0

1

q1 + nqnxn−1
dx , pn = q1r

∫ 1

0

nxn−1

q1 + nqnxn−1
dx

By Prop.5 a shift from q1 to qn lowers both p1 and pn

Morgan & alii (2006):
increasing firms leads to p′n+1 < pn but p′1 > p1

the aggregate expected profit of firms does not change

q1r = q1p1 + qnpn = q1p
′
1 + q′n+1p

′
n+1

On Price Dispersion, Search Externalities, and the Digital Divide – p. 19/25



Comparative statics (2/2)

Proposition 6

take a search distribution ~q

consider ~q′ where q′m = qm − ∆ and q′m+1 = qm+1 + ∆

(m ≥ 2)

there is a i∗ ≥ 2
such that p′i > pi for i < i∗, and p′i ≤ pi for i ≥ i∗.

Idea of the proof there is no stochastic dominance

we apply Riemann definition of integrals

p′1 > p1, p′i − pi decreases in i

and limi→∞ p′i − pi is negative
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The digital divide

From Prop. 6, if we let some already informed buyers search more

firms will simultaneously move probability weight on extrema

monopoly price p = r and competitive price p = pmin

even if the average of charged prices increase, more sampling is beneficial from a
certain point on

the externality of more search is bad for low–informed and good for
highly–informed

the aggregate expected profits of firms will not change
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The digital divide

‘The Economist’, January 31st 2009
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Negative externalities to all

It is possible that i∗ > n

Simpson paradox:
it can be that p′i > pi for all i such that qi > 0

even if
∑n

i=1 qipi =
∑n

i=1 q′ip
′
i

because ~q′ has shifted weight on smaller prices

Example q1 + q2 + q3 = 1 and r = 1

~q =
(

1
4
, 1

4
, 1

2

)

: p1 ≃ 0.3761, p2 ≃ 0.2408 and p3 ≃ 0.1915

~q′ =
(

1
4
, 1

5
, 11

20

)

:
p′1 ≃ 0.3832 > p1, p′2 ≃ 0.2434 > p2 and p′3 ≃ 0.1919 > p3

p′4 < p4 but q4 = 0
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Increasing search may not be enough

Example n ≥ 4 and r = 1:

~q =
(

1
20

, 9
10

, 1
20

)

:
p1 =≃ 0.0895, p2 =≃ 0.0470 and p3 =≃ 0.0376

suppose that all the non–uninformed agents start
sampling 4 firms

~q′ =
(

1
20

, 0, 0, 19
20

)

: p′1 ≃ 0.2789 and p′4 ≃ 0.0380 > p3

the negative externality from q2 → q4 affects heavily q1

but also q3 → q4
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Open questions

Can we endogenize non–trivially buyers’ types?

Buyers sample a fixed number of random firms
what if they were sampling always the same firms?
what would happen if firms could somehow learn
buyers’ type?
we would need a network environment

In the model the demand function is constant:
would it be tractable otherwise?
could we consider welfare issues?

On Price Dispersion, Search Externalities, and the Digital Divide – p. 25/25


	Outline
	Price dispersion
	A growing literature
	Empirical literature on price dispersion(1/3)
	Empirical literature on price dispersion(2/3)
	Empirical literature on price dispersion(3/3)
	Search externalities
	The emph {digital divide}
	The model: a one--shot game
	A network interpretation
	Bertrand competition and monopoly
	Price distribution
	Idea of the proof
	Expected payments
	A tractable example
	Comparative statics (1/2)
	Positive search externality
	Example: The WSV model
	Comparative statics (2/2)
	The digital divide
	The digital divide
	Negative externalities to all
	Increasing search may not be enough
	Open questions

