PRICE COMPETITION UNDER LIMITED COMPARABILITY*

MICHELE PICCIONE AND RAN SPIEGLER

This article studies market competition when firms can influence consumers’
ability to compare market alternatives through their choice of price “formats.”
In our model, the ability of a consumer to make a comparison depends on the
firms’ format choices. Our main results concern the interaction between firms’
equilibrium price and format decisions and its implications for industry profits
and consumer switching rates. In particular, market forces drive down the
firms’ profits to a “constrained competitive” benchmark if and only if the com-
parability structure satisfies a property that we interpret as a form of “frame
neutrality.” The same property is necessary for equilibrium behavior to display
statistical independence between price and format decisions. We also show that
narrow regulatory interventions that aim to facilitate comparisons may have an
anticompetitive effect. JEL Codes: C79, D03, D43.

I. INTRODUCTION

Standard models of market competition assume that
consumers rank all the alternatives they are aware of. Their
preferences may reflect informational constraints, but are
complete nonetheless. In reality, consumers are often unable to
compare alternatives. Moreover, whether consumers are able
to make comparisons often depends on how alternatives are
described, or “framed”:

e Prices and quantities may be stated in units of measure-
ment that consumers find difficult to compare. For example,
interest on a bank deposit can be presented for different time
units, nutritional contents of a food product can be specified
for various units of weight or volume, and so on.

e Price schedules in certain industries contain a large number
of contingencies. For instance, a fee structure for banking
services specifies different fees for different classes of trans-
actions. Similarly, a calling plan conditions rates on the
destination, according to some classification of all possible
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destinations. When different providers define prices in terms
of different classifications, comparisons are difficult.

Marketers and regulators have long recognized the im-
portance of comparability for market competition. Nutritional
information on food product labels is required to conform to rigid
formats that include standardized units of measurement. As to
the regulation of retail financial services, the following quotes
from recent consumer protection reports are representative of the
views of regulators:

The possibility to switch providers is essential for
consumers to obtain the best deal. However, the Con-
sumer Market Scoreboard 2009 showed that only 9% of
consumers had switched current bank account during
the previous two years. The causes again relate among
others to difficulties to compare offers on banking
services.... In order to achieve the aims of compa-
rable and comprehensible product information, the
Commission approach has been, for some products
and services... to promote the standardization of pre-
contractual information obligations within carefully
designed and tested formats. (European Commission
2009, 4, 10)

When deciding whether to switch to another bank,
consumers need clear, readily available information
that they can understand, as well as the financial capa-
bility and desire to evaluate it. Ease of comparison will
be affected by the structure of current account pricing.
The ease with which consumers are able to compare
current accounts is likely to affect their desire to do
so and thus feed through to the competitive pressures
that banks face. (Office of Fair Trading 2008, 89)

This article develops a model of market competition under
limited comparability. In our model, firms choose both how to
price their product and how to frame pricing, so that consumers’
“ease of comparison” is a function of the firms’ framing deci-
sions. Our aim is to address the following questions. What are
the implications of limited comparability for the competitiveness
of the market outcome? Do regulatory interventions aimed at
enhancing comparability necessarily increase competitiveness?
What determines the relation between the firms’ pricing and
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framing decisions? What is the relation between comparability
and the intensity of consumer switching?

Our model takes Bertrand competition as a starting point
and adds limited comparability as a new dimension. Two profit-
maximizing firms facing a single consumer produce perfect
substitutes at zero cost. They play a symmetric simultaneous-
move game in which each firm chooses a price and a pricing
structure—referred to as a format. The price is the actual
payment the consumer makes to the chosen firm, whereas the
format is the way the price is presented to the consumer. For
example,a format can be a measurement unit in which prices are
denominated. The consumer wishes to consume one unit and has
a reservation value that is identical for both firms, regardless of
their format decisions.

Given the firms’ price and format decisions, the consumer
chooses as follows. He is initially assigned to one firm at random.
We interpret the consumer’s initial firm assignment as a default
option arising from previous consumption decisions. With a proba-
bility that is a function of the firms’ chosen formats, the consumer
is able to make a price comparison and chooses the cheaper firm.
If the consumer is unable to make a price comparison, he buys
from his default firm.

The set of available formats and the matrix of format-
dependent comparison probabilities constitute what we call a
comparability structure. It describes the consumers’ ability to
compare formats. For most of the article, we assume that the
probability of comparing two formats is independent of which of
them is employed by the default firm. We dub this property order
independence because the comparison probability is independent
of the order in which the consumer considers market alternatives.
When all format pairs are compared with probability 1, the model
collapses to Bertrand competition.

The consumer’s decision procedure in our model exhibits
prudence, or inertia, because the default is chosen whenever
a comparison cannot be made. This feature of the model has
some experimental support (e.g., Iyengar and Lepper 2000; Choi,
Laibson, and Madrian 2009) and chimes with the above-cited
consumer protection reports, which emphasize inertia driven by
limited comparability as a major cause of low switching rates and
weak competition in some industries.

Equilibrium analysis hinges on whether it is possible for a
firm, by an appropriate choice of formats, to nullify the relevance
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of format choice for the rival. When a comparability structure has
this feature, we say that it satisfies weighted regularity. Specifi-
cally, an order-independent comparability structure is weighted-
regular if there exists a probability distribution over the set of
available formats such that, if one firm randomizes over formats
according to this distribution, the probability of a price compari-
son is independent of the other firm’s format choice. For example,
suppose that prices can only be denominated in two currencies:
dollars or pounds. Assume further that the consumer makes a
price comparison if and only if both firms denominate their prices
in the same currency. Then, if one firm chooses to price its product
in dollars or pounds with probability % each, the comparison
probability is 1, regardless of the other firm’s currency choice. This
comparability structure thus satisfies weighted regularity.

Our yardstick for the competitiveness of the market outcome
is equilibrium profits. In particular, we ask whether market forces
drive profits down to the minimal level that firms can secure
given the comparability structure, namely the max-min profit.!
Our main result is that in any symmetric equilibrium, firms
earn max-min profits if and only if the comparability structure
is weighted-regular. In the limit case of Bertrand competition,
weighted regularity trivially holds (the comparison probability
is always 1), max-min profits are equal to 0 and obtained in
equilibrium. When the consumers’ ability to make comparisons
is limited, firms can typically secure positive profits, so that
the market outcome cannot be strictly competitive. However, a
market outcome that induces max-min profits is competitive in
a “constrained,” second-best sense: no extra rents are gained in
addition to the minimum caused by the consumer’s bounded ratio-
nality. Our result establishes a tight link between the emergence
of a “constrained competitive” outcome and the comparability
structure’s potential “format neutrality.”

This result is also useful for deriving an equilibrium char-
acterization for specific classes of comparability structures. For
instance, bisymmetric structures partition the set of formats into
two categories, so that comparability depends only on the category
to which formats belong. We obtain a closed-form characteriza-
tion of the (unique) symmetric Nash equilibrium. We use this

1. The max-min payoff is the maximal profit that one firm can attain under
the hypothesis that for any strategy it chooses, its payoff is minimized by the
opponent’s choice of strategy.
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characterization to convey two important lessons: first, regulatory
interventions that enhance comparability may lead to a [less
competitive market outcome; second, the relationship between
comparability and consumer switching is subtle.

Throughout the article, we follow a complexity-based inter-
pretation of the comparability structure, and interpret formats
as ways of describing prices, so that a comparability structure
measures the “ease of comparison” between price formats. How-
ever, we could interpret formats more broadly, as any utility-
irrelevant aspect of the product’s description that affects the
consumers’ propensity to form a preference: an advertising mes-
sage, a package design, a positioning strategy, and so forth.
Saying that two formats are comparable could mean that one
creates mental associations that eventually lead the consumer
to pay attention to the other. This suggests a novel approach to
the phenomenon of product differentiation. Conventional models
regard product differentiation as a market response to consumers’
heterogeneous tastes. In contrast, our approach suggests that
differentiation is partly in utility-irrelevant formats, the sole
function of which is to lower the probability of a price com-
parison. We compare these two approaches in the concluding
section.

L. A. Related Literature

Our article joins recent attempts to formalize “frame-
sensitive” choice. Salant and Rubinstein (2008) introduce the
notion of an extended choice problem, consisting of a choice set
and a frame. A choice function assigns an element in the choice
set to every extended choice problem. Salant and Rubinstein con-
duct a choice-theoretic analysis of such extended choice functions
and identify conditions under which extended choice functions
are consistent with utility maximization.2 Ahn and Ergin (2010)
axiomatize frame-dependent preferences over acts, where a frame
is defined as a partition over the state space and the act is required
to be measurable with respect to that partition. In contrast to
these works, we focus on market implications of frame dependence
rather than on axiomatic decision-theoretic analysis. Also, in our
model framing creates preference incompleteness but never leads
to preference reversal.

2. Bernheim and Rangel (2009) use a similar framework to extend standard
welfare analysis to frame-sensitive choices.
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Eliaz and Spiegler (2011) formalize the notion that marketing
activities influence the set of alternatives that consumers subject
to a preference ranking. Two major features distinguish this work
from our article. First, Eliaz and Spiegler mostly interpret a frame
in terms of advertising content and assume that the consumer’s
propensity to consider a new market alternative is a function of
its frame and the default option’s payoff-relevant details. Second,
they ignore price setting and assume that framing decisions are
costly. The resulting market game is substantially different from
ours, emphasizing the firms’ trade-off between increasing their
market share and lowering their advertising costs.3

Our article contributes to a growing theoretical literature
on the market interaction between profit-maximizing firms and
boundedly rational consumers. Spiegler (2011) provides a text-
book treatment of the subject. Within this literature, Spiegler
(2006) and Gabaix and Laibson (2006) share the present work’s
preoccupation with firms’ strategic use of “confusing” pricing
schemes to enhance consumers’ decision errors. In Spiegler (2006),
obfuscation is modeled as the introduction of noise, whereas in
Gabaix and Laibson (2006) it is modeled as the shrouding of
product attributes. Other papers (Ellison and Wolitzky 2008;
Wilson 2010) stay closer to the rational-consumer paradigm
and model obfuscation as a deliberate attempt to increase
consumers’ search costs.

Two papers in this literature study many-firms models of
price competition with boundedly rational consumers that col-
lapse to special cases of our model in the two-firm case. Chioveanu
and Zhou (2009) analyze a variant on our model in which the
comparability structure is a special case of our bisymmetric class,
consumers are not initially assigned to default firms, and a firm
is eliminated from the consumer’s consideration set whenever
it is comparable to a cheaper firm. They show that the market
equilibrium need not converge to the competitive outcome as
the number of firms tends to infinity. Carlin (2009) analyzes a
model in which firms choose prices as well as a scalar variable
interpreted as “complexity,” and the fraction of consumers who
are able to identify the cheapest firm is a separable, decreas-
ing function of the firms’ complexity decisions. He shows that
as the number of competitor increases, the equilibrium amount

3. Masatlioglu and Nakajima (2010) axiomatize a larger family of choice
functions that involve such a formation of consideration sets.
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of complexity increases, which may cause prices to increase
as well.

Our model can be viewed as an extension of a well-known
model of price competition due to Varian (1980), in which
consumers are divided into two groups: those who make perfect
price comparisons, and those who are loyal to the firm they are
initially assigned to and thus make no comparison with other
market alternatives. In Varian’s model, the fraction of loyal con-
sumers is exogenous, whereas in our model it is a function of
the firms’ endogenous format decisions. Indeed, if the comparison
probability of formats is constant, format decisions are entirely
irrelevant: the probability that the consumer will make a price
comparison is independent of the firms’ format choices, and so our
model collapses into Varian’s.

II. THE MODEL

A market consists of two identical, expected-profit maximiz-
ing firms and one consumer. The firms produce a homogeneous
product at zero cost. The consumer wishes to buy one unit of
the product. His willingness to pay for the product is 1. The two
firms play a simultaneous-move game with complete information.
A pure strategy for firm i is a pair (x;, p;), where x; € X is a format
and p; € [0,1] is the price of the product. A format is a way of
describing the price. The set X is finite.

Given a profile (x;,p;)i-12 of the firms’ strategies, the con-
sumer chooses a firm according to a procedure based on one
primitive: a function 7:X x X — [0,1] that measures the com-
parability of formats. Specifically, w(x,y) is the probability that
the consumer is able to compare the format y to the format x. The
pair (X, 7) is called a comparability structure (CS). Throughout the
article, we assume that =(x,x) =1, that is, each format is perfectly
comparable to itself.*

The choice procedure is as follows. The consumer is randomly
assigned to a firm, say firm i, each firm being selected with
equal probability. We interpret this assignment as the consumer’s
default. With probability =(x;,x;), the consumer makes a price
comparison, and switches from firm i to firm j #: if p; <p;.
Otherwise, he chooses the default option. Thus, the consumer

4. This assumption is made for expositional simplicity. All our results con-
tinue to hold—subject to minor adjustments in Section IV—if we assume instead
that w(x,x) > 0 for all x € X.
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stays with the default firm in two cases: either no price
comparison is made, or it is made and the consumer realizes that
the default is not more expensive than the alternative.

When 7(x,y) = n(y,x) forall x,y € X, we say that (X, 7) is order-
independent. When the CS is order-independent, the probability
that the consumer buys from any given firm is independent of the
identity of the firm to which he is initially assigned (hence the
term “order independence”). When =(x,y) is either 0 or 1 for every
x,y € X, we say that (X, ) is deterministic. Nondeterministic
structures allow for heterogeneity in the population from which
our consumer is drawn, in that 7(x,y) can be interpreted as the
fraction of consumers in this population who are able to compare
y to x.

This procedure generates the payoff function for the firms
found in Table I. For example, let X ={a,b}, w(a,b) = n(b,a) = q.
Suppose that p1 < ps. If x1 =x9, firm 1 earns p; and firm 2 earns 0,
because by assumption, 7(x1,x2) = 1. If x1 £x9, firm 1 earns p; - 1%

and firm 2 earns p - l%q.

II.A. Remarks on the Consumer’s Choice Procedure

Formats represent the language that firms choose to de-
scribe their prices. They are utility-irrelevant: the consumer’s
willingness to pay for a product is independent of its format.
For instance, a format could be a particular unit of volume
(e.g., metric or British) per which prices are displayed. In this
case, w represents the consumer’s ability to convert one unit into
another. The assumption of order independence appears to be a
good approximation here: converting one measurement unit to
another should be equally hard to perform in either direction.
When the product is a savings plan, a format can be a time unit
for which the implicit interest rate is defined. When the product
is a mortgage, a format can be a particular way of separating a

TABLE I

Firms’ Payoff Functions

p1<p2 p1>p2 pP1=p2
1 1-
frm 1 +m(xg,x1) p1 m(x1,x2) p1
2 2 2
1— 1+
firm 2 s m(xg,x1) s m(x1,22) p2

2 2 2

ZT0Z ‘T YN U0 A LISHIAINN AIAY T3L R /Bio'seuinolpiosxoelby/:dny wouy pepeojumoq


http://qje.oxfordjournals.org/

PRICE COMPETITION UNDER LIMITED COMPARABILITY 105

given cash flow into principal and interest payments. In these
cases, m represents the consumer’s financial numeracy (e.g., his
understanding of compounding—see Banks and Oldfield 2007 for
a related empirical study).

The assumption that comparability of market alterna-
tives depends only on their formats, and not on the actual prices,
is quite strong. Since the modeler can always incorporate prices
into the definition of formats, the real assumption made here
is that a firm’s choice of format does not restrict the set of
prices it can charge. This assumption clearly entails a loss
of generality. Suppose, for example, that firms sell a product
with attributes A and B; a format is a price pair (pa,ps),
and the price paid by the consumer is ps + pg. Then, a firm’s
choice of format uniquely determines its price, contrary to our
assumption.

Firms in our model cannot use their format decisions to fool
the consumer into paying a price above the reservation value 1,
even when he is unable to compare formats. One could argue
that if consumers have limited ability to understand the prices
they are facing, firms should be able to charge prices above
their willingness to pay. One justification for our assumption
is the possible presence of an implicit ex post participation
constraint: once the consumer realizes he has been fooled, he
can opt out without paying anything. The presence of a default
option makes this justification particularly sensible. Even if a
consumer does not understand the price structure of his default
option, he can appreciate whether he actually pays more than his
reservation value; he will never pay in excess of his reservation
value for the alternative, because the choice procedure implies
that he can switch to it only after comparing its price to the
default.

II.B. Graph Representations

It will often be convenient to represent CSs as random di-
rected graphs, where X is the set of nodes and n(x,y) is the
probability of a directed link from x to y. Order-independent
CSs will be represented as random nondirected graphs, where
w(x,y) = w(y,x) is the probability of a link between x and y. A
graph representation entails no loss of generality: its main role
is to visualize CSs that involve many formats and suggest fruitful
notions of comparability.
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II.C. Mixed Strategies

Mixed strategies play an important role in the analysis. A
mixed strategy is a joint probability measure over all feasible
pairs (x,p). Let A(X) denote the set of probability distribu-
tions over X. We usually represent mixed strategies as a pair
(A, (F)ex), where A € A(X) is referred to as the (marginal)
format strategy, and F* is the pricing cdf conditional on the
format x.° The marginal pricing cdf induced by this mixed
strategy is then F = ) _x AMx)F*. Given a probability dis-
tribution ¢, Supp (¢) denotes its support. For every interval
I =a,b], a < b, in Supp(F), let X denote the format strat-
egy conditional on the event that the price realization lies
in I. Given a cdf F?, let F’~ denote its left limit - that is,
F~(p) = lim,, ).

D' —p~
When firm j plays the mixed strategy ()\j, (FJ’F)xeX), firm
i’s expected payoff from the pure strategy (x;, p;) is

D1+ A0 [0 - Fo) w00 — F (o)) - nlai, )]

yeX

This expression makes clear that a firm’s market share consists of
its initial clientele (namely, 50% of the market), plus consumers
it is able to attract when the rival charges a higher price, minus
consumers it loses when the rival charges a lower price.

II.D. Equilibrium

We focus on symmetric Nash equilibria in the game played by
the two firms. It can be shown that a symmetric mixed-strategy
equilibrium must exist. The proof is a direct application of Corol-
lary 5.3 in Reny (1999) and is omitted. Throughout, (X, (F*).cx)
denotes an equilibrium strategy in a symmetric Nash equilibrium.
By standard arguments, the assumption that w(x,x) > 0 for all x €
X implies that F* is continuous for any x € Supp()\), and that the
marginal pricing strategy F is continuous and strictly increasing.
In addition, there exists p’ € (0, 1) such that Supp(F)=[p’, 1]. These
properties are entirely conventional and their proofs are therefore
omitted.

5. Naturally, the specification of a conditional pricing cdf for formats outside
the support of \ is redundant and made solely for ease of notation.
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II.LE. Hide and Seek

Our analysis makes use of an auxiliary two-player, zero-sum
game, associated with each CS (X, ), which is a generalization of
familiar games such as Matching Pennies. The players (not to be
identified with the firms), named hider and seeker and denoted by
h and s, share the same action space X. Given the action profile
(xp,xs), the hider’s payoff is —m(x;,xs) and the seeker’s payoff
is 7(xy,xs). This game is referred to as the hide-and-seek game
associated with (X, 7).

Given a mixed-strategy profile (), ;) in this game, the
seeker’s payoffis the probability that he finds the hider—that is,

0 (M) =D > M (@) As ()7 (x,7) -

xeXyeX

By the fundamental minimax theorem, since the hide-and-seek
game is a finite zero-sum game, it has a value

v = n’l}\ESLX II)linU (M, As) = H)l\in m}\esxxv (A As)
which is equal to the seeker’s payoffin all Nash equilibria of the
game.

To see the relevance of this auxiliary game to our model,
suppose that firm 1’s marginal format and pricing strategies are
A and F, respectively, where the latter is continuous with support
[p!,p*]. When firm 2 charges the price p’ (p%), it selects a format
that maximizes (minimizes) the probability of a price comparison.
Hence, it behaves as a seeker (hider) in the hide-and-seek game,
facing a hider (seeker) who plays A. Since firm 2 can play a mixed
format strategy that enforces a comparison probability of at least
(most) v*, it can secure a market share of at least 3 +2v* (3 — 1v*).
This is a lower bound on the market share that a firm obtains
in any Nash equilibrium, when its price realization is the lowest
(highest) in the equilibrium distribution.

The hide-and-seek game is also useful for calculating the
max-min payoff in our model. Max-min payoffs represent the
lowest possible profit consistent with firms’ individual rationality
and consumers’ bounded rationality. Therefore, when firms earn
the max-min payoff, the market outcome can be viewed as “con-
strained competitive.” To calculate the max-min payoff, note that
the worst-case scenario for a firm is that its opponent plays p =0
and adopts the seeker’s max-min format strategy. A best reply
is then to play p = 1 with a format strategy that minimizes the
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probability of a price comparison. Since the minimum probability
is v*, the max-min payoff'is %(1 —v*).

II.LF. When Is the Equilibrium Outcome Competitive?

The foregoing discussion makes it obvious that, when v* <1,
the max-min payoffis strictly positive and firms necessarily earn
strictly positive profits in any Nash equilibrium. It is sensible to
ask whether comparability structures that generate competitive
equilibrium outcomes can be characterized. A simple necessary
and sufficient condition, namely the existence of a “universally
comparable” format, provides a natural and intuitive characteri-
zation for symmetric equilibria.

PROPOSITION 1. In any symmetric Nash equilibrium, both firms
play p = 0 with probability 1 if and only if there exists a format
x* € X such that 7(y,x*) =1 for every y € X.

The condition for a competitive symmetric equilibrium out-
come is also necessary and sufficient for the max-min payoffto be
0. Thus, symmetric equilibrium profits are equal to 0 if and only
if the max-min payoffis 0.

For an intuition behind the sufficiency of the condition for
a competitive equilibrium outcome, suppose that firms charge
positive prices in equilibrium. Consider the lowest price p* in
the support of the marginal pricing strategy, at which firms do
not adopt a universally comparable format. Suppose that one
firm switches to such a format at p*. By the definition of p*,
the comparison probability is unaffected if the rival charges a
lower price, but increases if the rival charges a higher price. The
deviation raises the firm’s market share, hence it is profitable.
It follows that in equilibrium firms use only universally com-
parable formats, and standard Bertrand competition arguments
apply.

For the rest of the article, we rule out competitive outcomes
by assuming the absence of a universally comparable format:

CONDITION 1. For every x € X there exists y € X such that
m(y,x) < 1.

Note that under this condition, any Nash equilibrium must
be mixed. To see why, assume that firm i plays a pure strategy
(x;,p;). If p1 =p2 =p > 0, then any firm i can profitably deviate
to the strategy (x;,p — ¢), where ¢ > 0 is arbitrarily small, and
raise its payoff from %p top —e. If p; =0, firm  earns zero profits,
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contradicting the observation that the firms’ max-min payoffs are
strictly positive. Finally, if p; < p;, firm i can profitably deviate to
(xj,p), where p’ is a price between p; and p;.

III. EQUILIBRIUM ANALYSIS UNDER ORDER INDEPENDENCE

In this section, we restrict attention to order-independent
CSs, and address the question whether symmetric equilibrium
profits are equal to or above the max-min level—that is, whether
market forces induce a constrained competitive outcome. As we
shall see, the answer to this question carries rich implications for
the structure of equilibria.

To illustrate a symmetric equilibrium, consider the following
deterministic CS. Let |[X| =m > 1, and assume that n(x,y) = 0
whenever x # y. Suppose that each firm mixes over X according
to the uniform distribution, independently of the price it charges.
Given that firm i plays this format strategy, the probability that
the consumer makes a comparison is %, whatever firm j # i does.
Since the conditional pricing cdfs are the same as the marginal
pricing cdf F, charging a price p in the support of F, it earns an
expected profit of

1 1 1
Py 1+ —(1-Fp) - f(p)} .

By construction, F(p') = 0 and F(1) = 1. In a mixed-strategy
equilibrium, every p € [p’,1] must generate the same profit. It
follows that the equilibrium payoff is ”é—;, which is equal to the
max-min. The marginal pricing cdf is

_;_.m-1 1-p
(1) Fp)=1-—5 5

with
1 m-—1
p'=

m+1’

Two features of this equilibrium are noteworthy. First, firms
earn max-min payoffs. Second, price and format decisions are
statistically independent. In particular, the comparison probabil-
ity is the same for any of the firms’ price realizations.

IITI.A. Weighted Regularity

A notable feature of the above example is the existence of a
format strategy for one firm which induces the same comparison
probability for any format choice of the other firm. This notion of
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“uniform comparability” across formats plays a central role in our
equilibrium analysis.

DEFINITION 1. An order-independent comparability structure
(X, 7) is weighted-regular if there exist 8 € AX) and v € [0, 1]
such that, for any x € X,

> B)7(xy)=0.

yeX
We say that such 3 verifies weighted regularity.

The economic interpretation of weighted regularity is that it
is possible for one firm to make its opponent indifferent among all
formats—in other words, to “neutralize” the relevance of framing
for the rival firm’s competitive strategy.

Weighted regularity generalizes the familiar notion of regular
graphs. A CS (X, 7) is regular if there exists a number v > 0 such
that >° _xm(x,y) =0 for any x € X. In this case, the uniform
distribution over X verifies weighted regularity. Here are some
additional examples:

1. Consider a deterministic CS that partitions X into m
classes, such that n(x,y) =1 if and only if x and y belong
to the same class. (The CS in the example that opened
this section falls into this category.) Any distribution over
formats that assigns probability % to each equivalence
class verifies weighted regularity, with v = %

2. LetX={1,2,... ,n}, where n is even. Assume that for every
distinctx,y € X, n(x,y)=13 if [y — x| € {1,n—1}, and n(x, y)=
0 otherwise. Among others, a uniform distribution over
all odd-numbered formats verifies weighted regularity,

with 0 = %

The following lemma establishes an equivalent definition
of weighted regularity, which makes use of the auxiliary
hide-and-seek game of Section IL.E.

LEMMA 1. In an order-independent CS (X, 7), the distribution A\ €
A(X) verifies weighted regularity if and only if (), \) is a Nash
equilibrium in the associated hide-and-seek game.

Proof: (Only if) Suppose that )\ verifies weighted regularity. If
one of the players in the associated hide-and-seek game plays
A, every strategy for the opponent—including )\ itself—is a best
reply. Therefore, A is a symmetric equilibrium strategy.
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(If) Suppose that (A, A) is a Nash equilibrium in the associated
hide-and-seek game. Denote v(A, \) = 0. If some format attains
a higher (lower) probability of a price comparison than o, then
A cannot be a best reply for the seeker (hider). Therefore, every
format generates the same probability of a price comparison—
namely i—against A. n

Thus, weighted regularity implies that the format strategy of
a firm that maximizes comparability need not be distinct from the
format strategy of a firm that minimizes it.

An immediate corollary of Lemma 1 is that when weighted
regularity is satisfied, the induced comparison probability v is in
fact the value of the hide-and-seek game, v*. In particular, all
format strategies that verify weighted regularity for a given CS
generate the same comparison probability.

III.B. The Main Results

We are now ready for the two main results. First, we establish
equivalence between weighted regularity and the property that
firms earn max-min payoffs in a symmetric equilibrium.

THEOREM 1. In any symmetric equilibrium, firms earn max-min
payoffs if and only if (X, ) is weighted-regular. Furthermore,
if (X, 7) is weighted-regular, then in any symmetric equilib-
rium each firm’s marginal format strategy verifies weighted
regularity.

Proof. We first show that under weighted regularity, in any
symmetric equilibrium firms earn max-min payoffs and each
firm’s marginal format strategy verifies weighted regularity. Fix
a symmetric Nash equilibrium. For every p € [0, 1], define s(p) as
a firm’s maximum market share conditional on charging the price
p, namely

xeX
yex

s (p) = max {; : (1 300 [(1=F @) - 7y, %) — F(p)- w(x,y)}) } .

We show that

(2) s(p)==[1+1 - F(p))v* — F(p)v*]

DN =

for every p < [p', 1].
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First notice that, since F(p) is continuous, s(p) is also contin-
uous. By weighted regularity, each firm can enforce a constant
comparison probability v*, independently of the opponent’s action,
and thus obtain a market share equal to the right-hand side of
equation (2). Thus

1

1
3) / Sp)Fp) > / 1+ — Fp)v* — Fo*|dF(p).
pt pt

The R.H.S of this inequality is equal to

4 Ll o [ PodFpdp = X

(4) gtgu v . (p) (p)p—i-

By profit maximization, each firm’s ex ante equilibrium market
share must be equal to the left-hand side of (3). By the equilibrium
symmetry, each firm’s ex ante market share is equal to %, and thus
equation (2) follows. Since s(1) = %(1 — v*), firms earn max-min
payoffs. Also, s(p’) = 3(1 + v*). Since s(p) = 1[1 + maxv(-, \)] and
s(1) = %[1 — minv(-, V)], it follows that maxv(-, \) = minv(:, \) = v*,
and hence )\ verifies weighted regularity.

We now show that max-min payoffs imply weighted regular-
ity. Assume that firms earn max-min payoffs in some symmetric
equilibrium. Then, s(1) = %(1 — v*). Recall that s(p’) > %(1 +v*).
Assume that the inequality is strict. Since each firm’s ex ante
market share is %, it follows from (4) that there exists a price

p € (p!, 1) such that
s(p) < %[1 +(1 - F(p)v* — F(p)v*].

Since no format strategy can yield a market share above the
equilibrium one at a given price, the following inequality holds
for any 0 € AX)

B) D) @A,y — 2R (p) < (1 — F)w* — Fp)v™,
xeXyeX
which can be rewritten as:
v(0,)) =2 0@,y (p) < v*(1 - 2F(p)).
xeXyeX

Because firms earn max-min payoffs by hypothesis, A max-
minimizes v, and hence v(f, \) > max min (v) = v*. Then, it follows
that

>vex 2yex 0@, yF )

(o' .p] *
o) v(0, AP P > v,
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for every 0, contradicting the fact that v* = max min (v). Therefore,
s(p')=2(1+v*). This implies that minv(-, \) =maxv(-, \)=v*, hence
(X, 7) is weighted-regular. |

The economic significance of this result is that it estab-
lishes a tight link between two aspects of market interaction.
On one hand, max-min equilibrium profits occur when market
forces have driven industry profits to the constrained competitive
level—that is, the lowest profit compatible with consumers’
bounded rationality and firms’ individual rationality. On the other
hand, weighted regularity is present when the effect of framing on
price comparisons is potentially neutralized. The theorem states
that the two properties are equivalent: a constrained competitive
market outcome emerges in equilibrium if and only if framing is
potentially neutralized.

For an approximate intuition for Theorem 1, recall that
when firms earn max-min payoffs in a symmetric equilibrium,
their marginal format strategy max-minimizes the probability
of a price comparison—namely, it is a max-min strategy for the
seeker in the associated hide-and-seek game. Also recall that
when a firm charges a price toward the high (low) end of the price
distribution, it has an incentive to select a format as if it were
the hider (seeker) in the hide-and-seek game. When the CS is
not weighted-regular, “acting like a hider” is necessarily distinct
from “acting like a seeker.” Therefore, since the marginal format
strategy averages out the firms’ choices of formats across all
prices, it is impossible for the marginal format strategy to coincide
with a seeker’s max-min strategy in the hide-and-seek game.
As a result, the firms’ equilibrium payoff exceeds the max-min
level.

In contrast, when the CS is weighted-regular, a firm can
choose to play a format strategy that acts “like a hider” and “like
a seeker” at the same time. If a firm did not know its relative
position in the price distribution, it could use this strategy as a
“hedge” to secure a comparison probability of exactly v*. Thus,
the right-hand side of equation (2) is a lower bound on the firm’s
market share for any price p it charges in equilibrium. Since each
firm gets a market share of 50% ex ante, this bound is binding
in equilibrium, which implies that, when a firm charges p = 1, it
earns the max-min payoff 1(1 — v*).

Theorem 1 has an immediate implication for the struc-
ture of the firms’ marginal pricing strategy under weighted
regularity.

ZT0Z ‘T YN U0 A LISHIAINN AIAY T3L R /Bio'seuinolpiosxoelby/:dny wouy pepeojumoq


http://qje.oxfordjournals.org/

114 QUARTERLY JOURNAL OF ECONOMICS

COROLLARY 1. Suppose that (X, 7) is weighted-regular. Then, in
any symmetric equilibrium, firms play a marginal pricing
strategy given by the cdf

1-v* 1-p
2v* p

(6) F*p)=1-

1+vo*

Proof. The proof of Theorem 1 establishes that the firms’ symmet-
ric equilibrium market share as a function of the price they charge
is given by equation (2). We also established that in equilibrium
each firm earns the max-min payoff %(1 — v*). Therefore, every
price p in the support of the equilibrium marginal pricing cdf F
generates a payoff of

1 . *
defined over the support [U, 1} .

2[1 +(1 — F(p)v* — F(p)o*] = %(1 — o).

Given the support [p’, 1], by definition F(p!) = 0 and F(1) = 1. The
unique solution to this functional equation is F*. |
It should be noticed that the pricing strategy defined in
equation (6) of Corollary ?? is also the equilibrium strategy in the
two-firm case in Varian (1980). The intuition for this is simple.
Under weighted regularity the firms’ equilibrium market share is
determined as a function of the prices they charge given a constant
comparison probability (set at v*), as in Varian (1980).

Our second main result establishes the relation between the
probability with which consumers make a price comparison and
the realizations of the firms’ prices. We say that a symmetric
equilibrium exhibits a constant comparison probability if v(M, /)
is the same for every pair of closed intervals I,JJ C [p/, 1].

THEOREM 2. A symmetric equilibrium exhibits a constant com-
parison probability if and only if (X, 7) is weighted-regular.
Furthermore, if (X, 7) is weighted-regular, the constant equi-
librium comparison probability is v*.

Proof. First, suppose that the comparison probability is constant
and A\ does not verify weighted regularity, that is, there exist
x,y € X such that v(x,\) < v(y, A). Since F is strictly increasing
and continuous, it can be easily shown that there exist p close to
p! and p close to 1 such that v(AP'?1, \) > v(A\P1 )\), that is, the
comparison probability is not constant, a contradiction.
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Now suppose that (X, 7) is weighted-regular. Recall equation
(2) in the proof of Theorem 1. This equation can be written as

max[v(6, \) — 20(0, AP PHF(p)] = max(20(, AP — F(p)) — v(0, V)]
=v*(1 - 2F(p))

for every p < [p’, 1]. Since \ verifies weighted regularity, v(d, \)=v*
for every 6. Therefore:

min v(0, \P'#) = max v(@, AP = v~

Hence, for every p € [p/, 1], APl ¢ argmaxminv and APl ¢
argminmaxv. Thus, for every p,q € [p!,1], W@ \P'P)) is a
Nash equilibrium in the hide-and-seek game, and therefore
v()\[q’l],)\L”l’p]) = v*. Now consider two arbitrary price intervals
[a,b],]c,d] C [p',1]. We established that v(\, X/) = v* for every
I ¢ {[p!,al],[p!,b]} and every J < {[c,1],[d,1]}. It follows that
v\l Nledl) =y, |

The proof of Theorem 1 establishes that under weighted
regularity, a firm’s market share when it charges a price p is
%[1 + (1 — F(p)v* — F(p)v*|—that is, it is as if the firm faces a
constant comparison probability of v*. Theorem 2 shows that this
is not merely an “as if” property; it actually holds in symmetric
equilibrium if and only if the CS is weighted-regular.

The previous results shed some light on whether a firm’s
pricing and format decisions exhibit correlation. An immediate
corollary of Theorem 2 is that when weighted regularity is vio-
lated, price and format decisions must be correlated. The reason
is simple: if these decisions are statistically independent, it follows
that each firm adopts the same format strategy when it charges
the highest or the lowest price. But since such format strategies
respectively minimize and maximize v(-, \), A verifies weighted
regularity, a contradiction.

The converse, however, is not true: weighted regularity does
not rule out correlation between firms’ equilibrium price and
format decisions. A trivial example is obtained taking a weighted-
regular CS and replicating one of its formats, so that the new
CS contains two distinct formats x,x’ with #(x,y) = n(x’,y) for
every y € X. In this case, one can easily construct an equilibrium
in which the format x is associated with low prices while the
format x’ is associated with high prices. For a nontrivial example,
consider the deterministic nine-node graph given by Figure I
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FIGURE I
A Weighted Regular Graph

A uniform distribution over the six boldface nodes verifies
weighted regularity (v = %). By Theorem 1, this is the marginal
format strategy in any symmetric equilibrium. However, one can
construct an equilibrium in which price and format decisions are
correlated. Specifically, the three peripheral formats are played
with probability % each conditional on p € [%, 1], while their
internal neighbors are played with probability % each conditional
onp € [3, %).6

It should be noted that the associated hide-and-seek game in
this example has an asymmetric equilibrium in which the three
peripheral formats are played with probability % each by the
hider, while their internal neighbors are played with probability %
each by the seeker. In contrast, when a CS is weighted-regular and
the hide-and-seek game has a unique Nash equilibrium (which
is therefore symmetric), there is a unique symmetric equilibrium
in our model, and in this equilibrium the firms’ price and format
decisions must be independent. This result follows immediately
from the proof of Theorem 2. Under weighted regularity, for

6. This example also illustrates that weighted regularity does not imply that
in equilibrium, firms are indifferent among all formats at all prices. For example,
when a firm charges the cutoff price p = %, it strictly prefers the bold nodes to any
of the three other nodes. The indifference among all formats holds at the extreme
prices p = % andp=1.
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every firm i and every price p in the support of the equilibrium
strategy, AP'?] max-minimizes v and A\»"! min-maximizes v. Thus,
AP'2] = 7\P1] = A, where ) is the unique equilibrium strategy in the
hide-and-seek game, and thus each firm plays A\ independently of
the price it charges.

Recall the example of m noncomparable formats examined
at the beginning of this section. Since the hide-and-seek game
associated with this CS has a unique Nash equilibrium, it follows
that the equilibrium we constructed for this structure is the
unique symmetric equilibrium. This observation demonstrates
the usefulness of Theorem 1 in obtaining strong equilibrium
characterizations.

IV. BISYMMETRIC COMPARABILITY STRUCTURES

In this section, we provide a complete characterization of
symmetric equilibria for a specific family of intuitive and easily
interpretable CSs. Comparative statics show that regulatory in-
terventions that improve comparability in a “local” sense can have
negative effects on the competitiveness of the market outcome, as
well as on the amount of consumer switching.

An order-independent comparability structure (X,r) is bi-
symmetric if X can be partitioned into two sets, W and Z, such
that for every distinct x,y € X:

qwif xyeW
m,y)=q qzif xy€Z
q ifxeW,yeZ

where max{qw,qz,q} < 1. Thus, a bisymmetric CS is fully
determined by five parameters: the number of formats in the two
categories, Z and W, the comparability of different formats within
each category, and the comparability of the two categories.

Let n; denote the number of formats in category I € {W,Z}.
Let

1+qr-(n—1)

* —
q1 ng

be the “average comparability” within category I € {W,Z}.
Without loss of generality, assume q; > gy;.

Bisymmetric CSs are attractive because they enable us to
capture limited-comparability “stories” with simple restrictions
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FIGURE I1
A Star Graph

on parameter values. When ¢ < min{qw,qz}, we may interpret
formats within any category I € {W,Z} as similar and therefore
more comparable than formats that belong to different categories.
In contrast, when qw < ¢ < gz, we may interpret the formats in
category Z as inherently simpler than those in W (possibly because
they contain translations or convertors that are absent from the
formats in W).

Example: The Star Graph. The star graph in Figure II repre-
sents a bisymmetric CS, with nz =1, ny =4, and gqw = 0. A simple
scenario for this CSis that the product traded in the market can be
priced in five different currencies, one major and four minor ones.
The consumer is able to compare prices denominated in different
currencies only if he knows the exchange rate. With probability ¢,
he knows the exchange rate between the major currency and any
minor one. He does not know the exchange rates between minor
currencies.

IV.A. Weighted-Regular Structures

One can verify that a bisymmetric CS is weighted-regular if
and only if

(7) (qw —q9)qz —q) > 0.

When this condition holds with g}, = ¢ =g, there is a continuum
of format strategies that verify weighted regularity, with v* = gq.
When it holds with gy, # g or g # g, the unique format strategy
A* that verifies weighted regularity assigns probability

9w — 4
(@ — @) +(qz —q)
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to the set Z, and mixes uniformly within category. The hide-
and-seek game has (\*, \*) as the unique Nash equilibrium, and

* ok 2
(8) e Awdz 9
(@ — )+ (g5 —q)

The equilibrium characterization below follows directly from
our results in the previous section.

PROPOSITION 2. Suppose that (X,n) is bisymmetric, and that
(g — a9)g; —q) > 0, with g}, # q or g # q. Then, there is a
unique symmetric Nash equilibrium, in which firms play the
format strategy \*, and independently the pricing strategy
(6), Wher(?z v* is given by (8). Firms earn the max-min payoff
La—ov.

2

Let us illustrate this result for the star graph. Condition (7)
simplifies to ¢ < 2. When this holds, there is a unique symmetric
equilibrium where firms play a format strategy that assigns
probability % to the core format and probability 51_;8‘1(1 to each of
the four peripheral formats. Independently of their format choice,

firms randomize over prices according to the cdf (6), where the

. . . _ 1-44
constant comparison probability is v* = T8y

IV.B. Non-Weighted-Regular Structures

Recall that g} > gj,. If a bisymmetric CS violates condition
(7), the value of the hide-and-seek game is v* =g, since there exists
a Nash equilibrium in which the seeker (hider) mixes uniformly
over Z (W). We use this observation to construct a symmetric
equilibrium strategy with a “cutoff’ structure. The support of the
marginal pricing cdf F is [p',1], 0 < p' < 1, and there exists a
price p™ € (p',1) such that the format strategy conditional on
any price p € [p',p™) is the uniform distribution over Z, and the
format strategy conditional on any price p € (p™, 1] is the uniform
distribution over W.

Consider again the CS in Figure IT and assume that ¢ > %,
so that the condition for weighted regularity is violated. In the
cutoff equilibrium, firms mix uniformly over peripheral formats

7. When g3, = q;, = q, the result is slightly weaker. In symmetric equilibrium,
the marginal format strategy verifies weighted regularity, and the pricing strategy
is equation (6), with v* =q. However, the infinite number of format strategies that
verify weighted regularity can give rise to payoff-irrelevant correlation between
price and format choices.
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conditional on charging a price above the cutoff, and play the core
format conditional on charging a price below it. The intuition is
that when q > %, the core format dominates peripheral formats in
terms of comparability, in that it generates a higher comparison
probability regardless of the rival firm’s format decision. There-
fore, when a firm charges a low (high) price, it has a clear-cut
incentive to adopt a format in the core (periphery).

To construct the cutoff equilibrium in the general case, first
note that the total probability that the marginal format strategy
assigns to the set Z (W) is F(p™) (1 — F(p™)). Conditional on charg-
ing p™, firms should be indifferent among all formats. Therefore:

—F(p™)qz+ (1 -F@™)q =01 -F@™)qy —Fp™)q

Rearranging, we get:

9) Fpm= 9 =9

9z — qw

The conditional pricing strategies are given by the following pair
of functional equations which represent indifference among all
prices in the support of F. Let FZ (FW) denote the pricing cdf
conditional on playing a format in Z (W). Setting a price p €
[p!,p™] yields the same profits as setting p = 1, that is,

g [1+F(p™)1 — 2F%(p))g; + (1 — F(p™))q]
(10) =311 Fp™g — (1~ Fp™giy).

Similarly, for every p € [p™,1]:

L1+ A -Fpm)a - 27" p)giy — Fp™)q]
(11) =311 Fp™g — (1 - Fp™giy).

The right-hand side on each of these two equations represents
the firms’ equilibrium payoff. Plugging in (9), the equilibrium
payoffis

1 _ * * _
(12) 2<q* D (1 g+ 29 ‘{(1q;V)>~
97 — qQw 9z — 4w
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Observe that this expression exceeds the max-min level %(1 —q),1in
accordance with Theorem 1. The following proposition establishes
that there are no other symmetric equilibria.®

PROPOSITION 3. Suppose that (X,n) is bisymmetric, and that
(@i — @)y — q) < 0. Then, there is a unique symmetric Nash
equilibrium, which is the cutoff equilibrium characterized by
(9)—(11). The firms’ equilibrium payoffis given by (12).

As mentioned earlier, the classification of bisymmetric CSs
into those that satisfy weighted regularity and those that do not
corresponds to two different interpretations of the categories W
and Z. The results in this section imply that when parameter val-
ues fit situations in which the categorization of formats captures
their relative complexity, the firms’ equilibrium strategy displays
correlation between price and format decisions—simple (complex)
formats are coupled with low (high) price realizations—and firms
earn “collusive” profits. In contrast, when parameter values fit
situations in which the categorization of formats captures their
relative similarity, the equilibrium strategy displays format-price
independence and firms earn max-min payoffs.

V. DOES GREATER COMPARABILITY LEAD TO A MORE
COMPETITIVE OUTCOME?

The basic idea that underpins the quotes in the introduction
is that greater comparability of price formats makes a market
more competitive and benefits consumers. Indeed, if consumers
face a fixed set of format-price pairs, switching from a CS (X, 7) to
another structure (X, 7’) for which #'(x,y) > w(x,y) for every x,y €
X makes consumers weakly better off, because the probability
they will choose the cheapest alternative can only increase.

Does this simple intuition extend to equilibrium analysis?
When (X,n’) is weighted-regular, the answer is affirmative.
As we saw, under weighted regularity both firms earn max-
min payoffs. Clearly, greater comparability lowers the max-min
payoff, because it raises the seeker’s equilibrium payoff in the
hide-and-seek game.

The answer is different when (X, 7’) is not weighted-regular.
Consider the case of bisymmetric CSs that violate weighted reg-

8. To check that the strategy given by (9)—(11) is indeed a symmetric equilib-
rium strategy, all we need to do is verify that firms weakly prefer adopting formats
in Z (Y) conditional on charging p < p™ (p > p™). We leave this task to the reader.
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ularity, where equilibrium payoffs are given by (12). Imagine a
regulator who wishes to impose a product description standard
that will enhance comparability. Suppose that gy < g < q5. If
the regulator’s intervention increases the values of g or gj, the
intervention will indeed lower equilibrium profits. If, however,
the intervention causes an increase in the value of g without
changing g and gj,—for instance, by merging all formats in Z
into a single, “harmonized” format—the intervention will raise
equilibrium profits (without affecting the max-min payoff).

The intuition is as follows. In the cutoff equilibrium, the
probability that a firm charging p = 1 faces a price comparison
is a weighted average of ¢ and gj;. The parameter g;, affects this
probability only indirectly, by changing the equilibrium weights.
Specifically, a higher g7, gives expensive firms a stronger incentive
to adopt the “complex” formats that constitute W. As a result, the
equilibrium cutoff price p™ changes and firms are more likely to
charge a price above p™ and thus adopt the W formats. Because
the intervention leaves g and gy, unchanged, and because ¢ >
qjy, the overall probability that an expensive firm faces a price
comparison decreases. As a result, expensive firms enjoy greater
market power de facto. Hence, “local” improvements in compara-
bility may have a detrimental impact on consumer welfare.

VI. CONSUMER SWITCHING

In this section we explore another intuition, captured by the
quotes from the introduction, that greater comparability leads to
more frequent consumer switching. Consider an arbitrary order-
independent CS. In a symmetric equilibrium, the probability
with which the consumer switches between firms conditional on
making a price comparison (a quantity known in the marketing
literature as the conversion rate) is % The reason is that, by the
symmetry of 7, the posterior probability distribution over price
profiles (p1, p2) conditional on making a comparison is symmetric.
Therefore, the probability that the consumer’s default firm is the
more expensive option is %

Since the conversion rate is %, it follows that the switching
rate is half the probability that consumers make a price com-
parison. Under weighted regularity, we saw that the comparison
probability is v*, independently of the prices that firms charge,
and therefore the switching rate is %v*. Thus, when we compare
two weighted-regular CSs, any improvement in comparability
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leads to a higher switching rate (and, as we saw, lower equilib-
rium profits). This corroborates the intuition that more frequent
switching is associated with greater competitiveness.

When weighted regularity is violated, the situation is differ-
ent. Consider the case of bisymmetric CSs. The ex ante compari-
son probability in the cutoff equilibrium is

[F@™)?q; + 2F (™)1 — F(p™)q + [1 — F@"™)qy.

The comovement of this expression with the competitiveness of
the market outcome is ambiguous because, as we already showed,
equilibrium profits in the relevant parameter range decrease with
gy and increase with gJ. Thus, when the firms’ equilibrium price
and format decisions are correlated, the positive link between the
switching rate and market competitiveness may break down.

VII. ORDER-DEPENDENT COMPARABILITY STRUCTURES

In this section, we relax order independence. In Section II,
we noted that the assumption of order independence makes sense
when formats represent measurement units. In other cases, ease
of comparison may depend on the order in which the consumer
considers the market alternatives. For example, suppose that
a format is a partition of some set of “sun spots” (i.e., utility-
irrelevant states of nature), and that each firm presents its price
as a function of the partition it adopts. The actual price is obtained
by taking an average over all sun spots. Suppose that the partition
y is a coarsening of the partition x. The consumer may find
comparison easier when his default firm adopts x while the other
firm adopts y, instead of the other way around. In this case, the
consumer’s final choice probabilities are likely to depend on his
initial default assignment.

We begin by extending the notion of weighted regularity to
order-dependent CSs.

DEFINITION 2. A comparability structure (X,n) is weighted-
regular if there exist § € AX) and v € [0,1] such that for
allx € X:

Y B Ty) =0>> BH)T(y.x).

yeX yeX

We say that such g verifies weighted regularity.
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This definition is equivalent to Definition 1 under order
independence. When g verifies weighted regularity, the two in-
equalities in Definition 2 are binding for every x in the support of
8. To see why, suppose, without loss of generality, that the left-
hand side inequality in Definition 2 is strict for some x € X for
which #(x) > 0. Then, we obtain

YN B BY) 7 (x,y) =050 > 0.

xeXyeX

Now consider the right-hand side inequality in Definition 2. We
obtain

YD B@BE)T(y,x) =00 <7,

xeX yeX

a contradiction.

Building on this observation, it is possible to establish an
equivalent definition of weighted regularity in terms of the as-
sociated hide-and-seek game, as in Section III.A.

LEMMA 2. The distribution A € A(X) verifies weighted regularity
in (X,n) if and only if (), ) is a Nash equilibrium in the
associated hide-and-seek game.

The proof is omitted because it proceeds as the proof of the
analogous Lemma 1. As before, this equivalence implies that when
0 verifies weighted regularity, v is equal to v*, the value of the
associated hide-and-seek game.

The link between weighted regularity and max-min equilib-
rium payoffs, established for order-independent CSs, survives the
present extension only in one direction.

PROPOSITION 4. Suppose that (X, ) satisfies weighted regularity.
Then, firms earn max-min payoffs in any symmetric Nash
equilibrium.

The proof follows the same line of reasoning as Theorem 1.
Fix a symmetric Nash equilibrium. By weighted regularity, a firm
can adopt a format strategy 5 € AX) such that: (i) the probability
that a consumer who is initially assigned to the firm will make a
price comparison is weakly below v*; and (ii) the probability that
a consumer who is initially assigned to the opponent will make
a price comparison is weakly above v*. It follows that the firm’s
market share is bounded from below by the right-hand side of
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equation (2), and the proof proceeds exactly as in the case of order
independence.

The converse to this result does not hold in general. When
an order-independent CS violates weighted regularity, it does not
follow that firms necessarily earn payoffs above the max-min level
in symmetric equilibrium. For example, let X = {a, b}, 7 (a,b) =q,
and 7 (b,a) =0, 0 < g < 1. This CS violates weighted regularity.
However, it admits a symmetric Nash equilibrium in which firms
play a format strategy that satisfies A (a) = ;%Z, and a pricing
strategy for which the supports of F* and F? are [ﬁ, 1] and
[31_;;2, ﬁ] The marginal format strategy is a max-min strategy
for the seeker in the associated hide-and-seek game, and therefore
firms earn max-min payoffs.

VIII. CONCLUDING REMARKS

This article studied the implications of limited comparability
for market competition. We constructed a model of price compe-
tition in which the probability that a consumer makes a price
comparison is a function of the formats that firms employ to
describe the price of their product. Our key insight is that a notion
of uniform comparability, captured by the formal definition of
weighted regularity, is crucial for equilibrium analysis. Several
key questions concerning equilibrium behavior—whether firms
earn profits in excess of the max-min (i.e., “constrained competi-
tive”) level, whether price and format decisions are correlated, and
how industry profits and consumer switching react to regulatory
interventions—hinge on this property.

We devote the final section to a discussion of several aspects
of the model.

VIII.A. Simultaneity of Price and Format Decisions.

Our model assumes that firms choose prices and formats
simultaneously. One could argue that in many situations, formats
tend to be a more permanent fixture than prices. An alternative
modeling strategy that addresses this criticism would be to
assume that firms compete in prices only after committing to
the format. We opted for simultaneity because we believe that
in many situations of interest—especially in modern online
environments—determining a product’s price and how to present
it are naturally joint strategic decisions.
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At any rate, analyzing the alternative, two-stage model
is rather straightforward. For simplicity, consider the case of
order-independent CSs. For a given profile (x1,x2) of the firms’
first-stage format decisions, there is a unique equilibrium in
the second-stage subgame, in which both firms mix over prices
according to (6), except that v* is replaced with 7(x1,x2). Each firm
earns a payoff of 2[1 — m(xq,x2)].

In the first stage, firms make their format decisions as if
they play a common-interest game in which they share the payoff
function 3[1 — 7(x1,x2)]. In equilibrium, each firm i chooses a
format strategy A; that minimizes v(., A;). It follows that when
the CS is weighted-regular, there is always a subgame-perfect
equilibrium in which each firm plays in the first stage a format
strategy that verifies weighted regularity. Firms earn a payoff
of %(1 — v*) in such an equilibrium. In this limited sense, our
equilibrium analysis for weighted-regular CSs extends to the
two-stage variant on our model.

However, the two-stage model can generate additional equi-
libria. For example, consider the CS represented by Figure II, and
let ¢ = 1. This CS is weighted-regular. In our model, it satisfies
the condition for a competitive equilibrium outcome. However, in
the two-stage model, there exists a symmetric subgame perfect
equilibrium in which firms mix uniformly over all four peripheral
formats in the first stage. The two-stage model can also generate
asymmetric equilibria for CSs that induce only symmetric equilib-
ria in our model. For example, consider the two-format example
in which X = {a, b}, 7(a,b) = 7(b,a) = 0. In this case, there is an
asymmetric equilibrium in which the two firms choose different
formats in the first stage and charge p = 1 in the second stage,
thus earning a payoff of % each.

VIII.B. Exogeneity of the CS

Our model takes the CS as given: the function 7 represents an
exogenous distribution over an unobservable characteristic of the
population from which our consumer is drawn, namely, the ability
to compare formats. We view this as a primitive of the consumer’s
choice procedure, analogous to preferences.

One could argue that = could be derived as part of an
equilibrium in a larger model, in which the consumer (opti-
mally) chooses in a prior stage whether to acquire this ability by
incurring “thinking costs.” For example, when formats represent
measurement units, the consumer’s limited ability to convert
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units could be derived from an earlier decision not to memorize
the conversion rates.

Nevertheless, for many purposes it makes sense to regard =
as exogenous. Even if the consumer’s mastery of conversion rates
is a consequence of prior optimization, it is probably obtained
taking into account a multitude of market situations, in addition
to the one in question. In other words, it is optimization in a
“general equilibrium” sense, whereas we focus on a “partial equi-
librium” analysis. However, we do believe that endogenizing the
CS in this manner is an interesting direction for future work. In
particular, it raises the question of whether weighted regularity
could emerge as a necessary property of equilibrium in the larger
model.

Another dimension of the consumer’s choice procedure which
could be endogenized is the initial assignment of consumers to
firms.? One could argue that in the long run, consumers would
be inclined to leave firms that adopt complex, opaque formats
(and thus increase thinking costs, to use the terminology of the
larger model). This consideration can be incorporated by requiring
that in equilibrium, not only the comparability of formats but
also the initial default assignment maximize consumer utility.
This added requirement may generate incentives toward greater
transparency of formats.

VIII.C. Asymmetric Nash Equilibria

Our analysis has focused mainly on symmetric Nash equilib-
ria. We wish to remark that Proposition 1 holds for any equilibria.
The proof is similar to the proof for symmetric equilibria, with
additional, tedious details due to potential discontinuities. Pic-
cione and Spiegler (2009) prove that the symmetric equilibrium
we constructed for the example of m noncomparable formats at
the beginning of Section III is the only Nash equilibrium in the
game.

Equilibria that display asymmetry in the format dimension
are easy to generate in many cases. For example, suppose that A
and )\ are both format strategies that verify weighted regularity
for a given CS. Then, there exist equilibria in which one firm plays
A while the other plays )/, and both firms mix over prices accord-
ing to (6), independently of their format choice. We conjecture,

9. We thank an editor of this journal for suggesting this extension.
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however, that for any CS, firms’ marginal pricing strategies in any
Nash equilibrium are identical. We also conjecture that any CS
gives rise to unique equilibrium payoffs. Proving these conjectures
is left for future work.

VIII.D. Revealed-Preference Properties of the Consumer’s
Choice Procedure

From a procedural point of view, the consumer in our model
departs from rational decision making because his behavioral
rule contains an element of limited comparability. However,
sometimes a choice model can be procedurally nonrational yet
consistent with rational choice from a revealed-preference point
of view (a prime example is satisficing—see Rubinstein 1998, 24).
To explore the basic revealed-preference properties of our model
of consumer choice, restrict attention to deterministic CSs. Define
the revealed strict preference relation as follows. The format-price
pair (x’,p’) is revealed to be strictly preferred to the pair (x,p) if
and only if m(x,x’) =1 and p’ < p (that is, the consumer switches
away from (x, p) to (x, p’) when the former is his default). This is a
conventional definition in choice models with a default option (see
Masatlioglu and Nakajima 2010 or Eliaz and Spiegler 2011).

As usual, the revealed indifference relation is derived from
this relation: the consumer reveals that he is indifferent between
(«',p’) and (x”, p’) if neither pair is revealed to be strictly preferred
to the other. Clearly, this relation is reflexive: the consumer never
switches away from his default if the other firm plays an identical
format-price pair. Obviously, the revealed indifference relation
does not represent true indifference, because it typically captures
inability to make a comparison.

It is easy to show that consumer choice is consistent with
maximizing a utility function over X x [0, 1] if and only if w(x,y)=1
for all x,y € X—in which case, our model collapses to Bertrand
competition. Even when we focus attention on the revealed strict
preference relation, we see that it is typically intransitive. To see
why, consider the following order-independent CS: X = {a,b,c},
w(x,y) = 1 for all x,y € X except for n(a,c) = 0. Suppose that
p < p’ < p”. The pair (a,p) is strictly preferred to the pair (b,p’),
which in turn is strictly preferred to (c,p”). Yet the consumer is
revealed to be indifferent between (a, p) and (¢, p”’).

In fact, it is easy to show that the revealed strict preference
relation is transitive if and only if the graph of the CS repre-
sents an equivalence relation over X—that is, if <w(x,x’) = 1 and
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m(x',x"") = 1> always implies 7(x,x”) = 1. Symmetric equilibria for
such CSs are basically the same as in the example analyzed at the
beginning of Section III. Suppose that the equivalence relation
has m equivalence classes. Then, the marginal format strategy
assigns probability % to each equivalence class, and the marginal
pricing strategy is given by equation (1). The only multiplicity
that can arise is due to the arbitrariness in assigning probabilities
to formats within each equivalence class. This observation shows
how we can derive a strong equilibrium characterization from a
basic restriction on the revealed preference relation induced by
our choice procedure.

VIIL.LE. Taste-Driven versus Comparability-Driven Product
Differentiation

At the end of the introduction, we noted that formats can
be interpreted more broadly than just pricing structures, to en-
compass other product features that affect comparability. How-
ever, this requires a reevaluation of the utility-irrelevance of
formats. For example, the package of a product can be viewed
as a format that affects comparability, because it can change
the probability that consumers notice the product and thus con-
sider it as a potential substitute for their default. At the same
time, the package is not necessarily utility-irrelevant, because
consumers may derive direct utility from certain aspects of the
design.

We are thus led to the question of how our limited-
comparability approach is related to conventional models of prod-
uct differentiation (e.g., see Anderson, de Palma, and Thisse
1992). The firms’ mixing over formats in Nash equilibrium of our
model can be viewed as a type of product differentiation. Since
in our model the firms’ product is inherently homogeneous (the
consumer’s willingness to pay is independent of x), such differen-
tiation in formats is purely a reflection of the firms’ attempt to
avoid price comparisons, whereas in conventional models product
differentiation is viewed as the market’s response to consumers’
differentiated tastes.

To facilitate the comparison between the two approaches, it
may be useful to think of our model in spatial terms. Suppose
that firms are stores and nodes in the graph representation
of a CS represent possible physical locations of stores. A link
from one location x to another location y indicates that it is
costless to travel from x to y. The absence of a link from x to
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y means that it is impossible to travel in that direction. Ac-
cording to this interpretation, the consumer follows a myopic
search process in which he first goes randomly to one of the
two stores (independently of their locations). Then, he travels
to the second store if and only if the trip is costless. Finally,
the consumer chooses the cheaper firm that his search process
has elicited (with a tie-breaking rule that favors the initial
firm).

This spatial description is not given here for its realism,
but because it is reminiscent of conventional models of spatial
competition. However, there is a crucial difference. In conven-
tional models of spatial competition, consumers are attached to
specific locations and choose between stores according to their
price and the cost of traveling to their location. (To make the
analogy as precise as possible, assume that the cost of traveling
from x to y is O if there is a link from x to y, and infinity in the
absence of such a link.) Thus, a consumer who is attached to a
location x does not care at all about the cost of transportation
between two stores if none of them is located at x. In contrast,
consumer choice in our model is always sensitive to the prob-
ability of a link between the firms’ locations. Another way of
stating the difference is that in our model consumer choice is
typically impossible to rationalize with a random utility function
over format-price pairs—see the previous comment regarding
the revealed-preference properties of our model. In contrast,
conventional models of spatial competition are by construction
consistent with a random utility function over price-location pairs.
Therefore, consumer choice probabilities in our model are gener-
ally inconsistent with a conventional spatial model of consumer
choice.

The two models also differ at the level of equilibrium pre-
dictions. In particular, recall the anomalous comparative statics
of equilibrium profits with respect to link probabilities in bi-
symmetric CSs, observed in Section V. It can be shown that this ef-
fect cannot be reproduced in the conventional spatial-competition
analogue: for any initial assignment of consumers to the two sets
of nodes W and Z (assuming uniform assignment within each
set), increasing the connectivity of nodes in the set Z necessarily
lowers equilibrium profits. Exploring further the comparison and
interaction between taste-driven and comparability-driven differ-
entiation is an interesting direction which we hope to pursue in
future research.
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APPENDIX

Consider a symmetric Nash equilibrium in which the equi-
librium strategy is (A, (F*),cx). Let S* denote the support of F*,
and let p* and p* denote the infimum and supremum of S¥,
respectively. Recall that for every x € Supp (\), F* is continuous.
Therefore, p** < p** for any x € Supp (\).

Proof of Proposition 1

Define X4 = {x € X : 7 (y,x) = 1 for all y € X}. This is the set
of universally comparable formats.

We first show that if firms earn zero profits in equilibrium, X4
must be nonempty. If 7 (y,x) < 1 for some x € Supp(\) and some
y € X, then a firm can make positive profits charging p =1 and
choosing y. It follows that if firms earn zero profits, then Supp(\) C
X4 hence X4 is nonempty.

We now show that nonemptiness of X4 implies zero equilib-
rium profits. Suppose that X4 is nonempty and profits are positive.
To obtain a contradiction, define the following (finite) subset of
prices:

6= {p : there exists y € Supp (\) such that p = p and
7 (x,3) < 1 for some x € Supp (A) for which p*™ > p}

We first show that since profits are positive, © is not empty. Let
Z be the set of formats z in Supp()\) for which p** =1. If 7 (z,y) =1
whenever z € Z and y € Supp (), then profits are obviously equal
to 0. Thus, 7 (z,y) < 1 for some z € Z and some y € Supp (N).
Because p*’ < 1=p?, p* isin O.

Define p* as the lowest price in O, and let y* € Supp ()\)
satisfy p*"! = p*. Since (y*, p*) is in the support of the equilibrium
strategy, a firm’s equilibrium profit can be evaluated using the
pure strategy (y*, p*) and is therefore equal to

% (1 +,;{/\ (x) [(1 = F*@* ) (x,y*) — F*(p*)m (y*,x)}> -

If F*(p*) > 0 for some x € Supp (\), then p < p* < p¥“. If
7 (y*,x) < 1, p* belongs to ©, contradicting the definition of p*.
Therefore, 7 (y*,x) = 1. It follows that
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for every x € Supp ()\). Let x* € X4, If a firm chooses the pure
strategy (x*,p*), it earns

2 <1 F A [ - F o) - Fphr <x*,x>]) -

xeX

Clearly, F*(p*)w (x*,x) < F*(p*) for every x. By the definition of
O, 7 (x,y*) < 1 for some x € Supp (\) for which p* < p*. By
continuity of F*, p* < p* implies F*(p*) < 1. It follows that (x*, p*)
generates a strictly higher payoffthan (y*,p*), a contradiction.

Proof of Proposition 3

Consider a bisymmetric CS (X, 7). Let v*(\) be the probability
that the consumer makes a price comparison conditional on the
event that one firm adopts the format x and the other firm mixes
over formats according to \. That is,

(13) vt =) AT ().

yeX

Note that by the definition of bisymmetry, for every x,x’ ¢ W
(similarly, for every x,x’ € Z), v*(\) > v*¥ ()\) if and only if
Ax) > AMx'). The profits from adopting format x and charging p
can be re-written as

P YA0) (1P (p) w )+ 5 (10" () |,

yeXx

that is, a firms choosing x gets the entire market if x is compared
to a format y charging a higher price and half the market if no
comparison takes place. The proof relies on a series of lemmas.

LEMMA 3. A (x)= A (x') for any x,x" € Wor x,x’" € Z.

Proof. Suppose that A (w) > A (w’) for some w,w’ € W. The pure
strategy (w,p"") is in the support of the equilibrium strategy,
and therefore attains the equilibrium profits. Consider the pure
strategy (w’, p**). Since the CS is bisymmetric, 7 (w,x) = 7 (w’, x)
for any x € X\{w,w’}. Thus, conditional on facing only formats in
X\{w,w'}, the strategies (w,p**) and (w',p"™) obtain the same
profits. Obviously, F*(p**) = 1. Hence, the difference between
the equilibrium profits and the profits obtained using the pure
strategy (w’, p*“) is equal to
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/ 1 /
wu | N, _ pw wu\\ | _ = (,w W .
P (M) (1= F ") - law =)+ 5 (07 ()~ ()
Since A (w) > A (w'), we have that v (\) > v*’ (). Therefore,

the above expression is negative, that is, the payoffs from (w’, p**)
are higher than the equilibrium payoffs, a contradiction. An

analogous argument for Z establishes the claim. |
LEMMA 4. For any p € [p',1], F* (p)=F* (p) whenever x,x’ € W or
x,x' € Z.

Proof Suppose that F* (p) > F*' (p) for w,w’ € W for some p €
(!, 1). Since by Lemma 3, Aw) = Aw’), we have v (A) = v¥' ().
Let p € Supp(F%¥). Then, the pure strategy (w,p) is a best reply
and therefore attains the equilibrium payoff. Thus, the difference
between the equilibrium profits and the profits obtained using the
pure strategy (w’, p) is equal to

p-Aw) (F (p) ~F (p))- (qw ~1).
This expression is negative. A contradiction. [ |
LEMMA 5. A(x) > 0forallx € X.

Proof. Suppose that A(x)=0 for some x € W. By Lemma 3, A\(w)=0
for all w € W and X is a uniform distribution over Z. Therefore,
v* () = g, for every z € Z and v” (\) = q for every w € W. By
assumption, g5 > q. Therefore, it is profitable for a firm to deviate
to a pure strategy (w, 1), w € W.

Now suppose that A\(x)=0 for some x € Z. By Lemma 3, \(z)=0
for all z € Z and ) is a uniform distribution over W. Therefore,
v" () = qjy for every w € W and v* ()\) = q for every z € Z. By
assumption, g}, < q. Therefore, it is profitable for a firm to deviate
to a pure strategy (z,p!), z € Z. [ |

Define

A=Xw) nw- (@l —q)
B=X(z)-nz-(qz — ).

Observe that since the CS violates weighted regularity and, by
hypothesis, g3, > qjy, A <0 and B > 0.

LEMMA 6. For any w € W and z € Z, p** = p¥..

Proof. By Lemma 4, all formats w € W have the same F* and all
formats z € Z have the same F*. In particular, S¥ is identical for
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allw € W, and S* isidentical for all z € Z. From now on, let w and z
be arbitrary formats in W and Z, respectively. Because the support
of the marginal pricing strategy F is [p, 1] and supports are closed
sets by definition, we have that S* US? = [p/, 1] and S* N S? # @.
Conditional on charging the same price p, the formats w and z
must generate the same market share. Therefore, for every p €
S¥ n.S=:

Aw) -nw-qy-(1=F*(p)) +A(2) nz-q-(1-F (p)) +
Aw)-nw-q-(1=F*(p))+A(z) -nz-qz- (1-F (p))+

which simplifies to

(I—=v*(A)=

(I=v*(N),

1

2
1

2

v (A) v (A)

(140 B-1-F(p)-A-1-F(p))= 5

We first show that S* N S? is a singleton. Assume the contrary,
that is, there exist prices p,p’ € S* N S% p < p’. Since the
marginal pricing cdf F is strictly increasing, either F*(p) < F*(p’)
or F?(p) < F*(p’). Because A < 0 and B > 0, if equation (14) is
satisfied for p, it is violated for p’, a contradiction.

When S¥ N S? is a singleton, there are two cases: either

pl=pzl<pzu=pwl<pwu=1
or
pl=pwl<pwu =pzl<pzu=1.

Assume the latter. Then, adopting z is optimal at p = 1 and
adopting w is optimal at p’. Therefore, v* (\) < v¥ (\). Since the
CS is not weighted-regular, v* (1) < v* (\). However, as A < 0 and
B > 0, the left-hand side of equation (14) evaluated at p = p*“* =p?
is positive, a contradiction. Therefore, p* = p*’. |

By Lemmas 5 and 6, a symmetric Nash equilibrium must be
a cutoff quuilibrium in which AP"-1 is a uniform distribution over
W and AP*"! is a uniform distribution over Z, where p™ = p?* =
p*’. To pin down the format strategy ), we use the equilibrium
condition that firms are indifferent between playing w € W and
z € Z at the cutoff price p™. This condition is

A(w)nwq — A (2) nzqz = N (w) nwqy — A (2) nzq

for arbitrary w € W and z € Z.
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