‘ \\ EPoS fﬁﬁ‘UNIVERSITAT

Collaborative e MANNHEIM
UNIVERSITAT ERINYIN

o
Research Center
Transregio 224

Discussion Paper Series — CRC TR 224

Discussion Paper No. 700
Projects BO3 and B04

Designing Vertical Differentiation with Information

Christoph Carnehl*
Anton Sobolev?
Konrad Stahl®
André Stenzel*

February 2026 (First Version : August 2025)

1Bocconi University, Department of Economics and IGIER. Email: christoph.carnehl@unibocconi.it
2 University of Mannheim and MaCCl. Email: anton.sobolev@uni-mannheim.de
3 University of Mannheim, CEPR, CESifo, MaCCl and ZEW. Email: konrad.stahl@uni-mannheim.de.
4Bank of Canada. Email: astenzel@bankofcanada.ca

Support by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation)
through CRC TR 224 is gratefully acknowledged.

Collaborative Research Center Transregio 224 - www.crctr224.de
Rheinische Friedrich-Wilhelms-Universitdt Bonn - Universitdt Mannheim



Designing Vertical Differentiation with Information™

Christoph Carnehl’  Anton Sobolev! Konrad Stahl®  André Stenzell

February 17, 2026

Abstract

We study information design in a vertically differentiated market. A third party
publicly discloses information about the product qualities of two competing firms.
More precise information improves consumer matching but increases perceived dif-
ferentiation, enabling firms to raise prices. Disclosing the product ranking alone
suffices to maximize industry profits in a fully covered market. Consumer surplus,
however, is maximized by a rank-preserving policy that withholds any information
that overturns the prior ranking, as gains from price competition outweigh losses
from allocative inefficiency. The conflict between profit- and consumer-optimal poli-
cies persists in settings with endogenous participation and nonlinear or asymmetric
costs.
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1 Introduction

In many markets, consumers would agree on the ranking of products if they had full in-
formation about their qualities. In practice, however, such information is rarely available,
and consumers instead rely on third-party sources to form beliefs about the products they
consider purchasing. Anticipating how information shapes consumer beliefs and demand,
sellers incorporate it into their pricing decisions. In such an environment, it is not clear
who benefits from public information provision.

We study markets in which the informing third party is a certifier, a platform on
which the sellers are active, or a regulatory institution. They may provide information in
various forms, such as direct product comparisons, search rankings, or product ratings,
thus informing both sides of the market about the quality of the products offered.! Indeed,
widely accessed third-party evaluations such as Consumer Reports in the United States
or reports by the German Stiftung Warentest focus largely on the comparative evaluation
of relative qualities, instead of a descriptive comparison of products along dimensions
evaluated differently across consumers.

A trade-off arises because information simultaneously allows consumers to make better
decisions and firms to condition their prices on the revealed information, potentially harm-
ing consumers. To analyze this trade-off, we build on a parsimonious model of vertical
product differentiation a la Shaked and Sutton (1982), in which two firms offer prod-
ucts of different qualities to consumers who are heterogeneous in their taste for quality.
Firms’ qualities are ex ante unknown to both consumers and firms, possibly correlated
and asymmetrically distributed, and a third party designs an experiment that publicly
discloses information about the firms’ qualities. The experiment design is fully flexible
and can range from being completely uninformative to fully revealing product qualities.
Our setting of mutual, rather than consumer-only, uncertainty is especially relevant for
new, complex, or hard-to-test products, where the firms are uncertain about their relative
qualities and thus, demand.?

In a baseline setting with full market coverage, we show that the relevant property of
experiments is their informational content about the ranking of product qualities, rather
than cardinal quality levels or differences. Firms always prefer experiments that are rank-
revealing, that is, experiments that reveal the true quality ranking of their products. In

contrast, consumer surplus is maximized by rank-preserving experiments, that is, experi-

'Tn most real-world cases, firms can easily obtain access to information even if it is primarily targeted
at consumers.

2While firms are informed about their products’ characteristics and intended positioning, they are
often uncertain about how consumers will evaluate their product relative to competitors’ products and
whether it will ultimately be perceived as superior. This uncertainty may arise from imperfect knowledge
of consumer preferences, heterogeneity in how products are used, and limited information about which
product attributes will be most salient in consumers’ purchase decisions. Likewise, consumers do not know
which product is of higher quality, which naturally motivates a role for public information disclosure in
shaping demand and competitive outcomes.



ments that do not overturn the prior ranking of product qualities. There is thus a clear
tension between the impact of information on consumers and firms. The detrimental im-
pact of information provision on consumer surplus raises doubts about the desirability of
consumer-driven certification in vertically differentiated markets.

The mechanisms underlying our results are as follows. When signals are uninforma-
tive, consumers rank products based on their prior beliefs, and firms compete on the
basis of perceived ex ante vertical differentiation. When signals are informative about the
true product ranking, perceived differentiation increases. This, in turn, relaxes compe-
tition and allows firms to raise prices. At the same time, information improves product
matching for heterogeneous consumers, which benefits them. While these effects suggest
an ambiguous impact of information revelation to consumers, we show that the positive
competitive effect always dominates.

Consumers therefore prefer less information about product qualities, even when it leads
to a suboptimal allocation of consumers across products. We obtain this result even in
environments where information would a priori seem most valuable, such as when product
qualities are negatively correlated. By contrast, firms always prefer public provision of
information about the product ranking. This is because increased differentiation relaxes
competition and raises expected prices, including for the low-quality firm.

Since consumers and producers value information in opposing ways, the partial wel-
fare outcome, comprising consumer and producer surplus, depends on their relative mag-
nitudes as well as the welfare weights assigned to each. We show that maximizing un-
weighted welfare calls for disclosure of the products’ quality ranking. Under welfare stan-
dards that place greater weight on consumer surplus, however, the absence of information
provision about the ranking can be optimal.

We show that our main insights extend to the important case where consumers may de-
cide against purchase. Under an extensive margin, the firms can no longer extract the rents
from inelastically demanding consumers, but are faced with outside competition. To keep
the analysis in this extension tractable and focused, we restrict attention to a state space
with two asymmetric qualities and a uniformly distributed consumer preference parame-
ter. In this setup, rank revelation—which coincides with full information revelation in the
asymmetric two-state case—maximizes industry profits, while the consumer-optimal in-
formation structure maximizes information revelation conditional on preserving the prior
ranking between the two products.®> We also show that the tension between firms’ desire
for public information provision and its detrimental impact on consumers carries over to
settings in which firms’ production costs are non-linear or asymmetric. Most importantly,
we show that the consumer-optimal experiment is typically rank-preserving in both cases.

Overall, our analysis highlights the adverse effects of public information provision on

3Relative to the baseline result, the latter modification is because information revelation subject to
this condition keeps prices low while maximizing market participation, which increases consumer surplus.



consumers in markets with vertical differentiation. Partial information provision may
therefore be desirable, even when they generate allocative inefficiencies. The contrast with
settings featuring horizontal differentiation (see, e.g., Armstrong and Zhou, 2022; Berge-
mann et al., 2025) reinforces the need for consumer-oriented policies to be tailored to the
specific market environment.

Below, we embed our argument into the extant literature. The model is specified
in Section 2. In Section 3, we analyze the model. We discuss extensions, including the
possibility for consumers not to purchase as well as alternative cost function specifications,

in Section 4.

Related Literature We contribute to a recent and growing literature on information
design in industrial organization broadly; see Bergemann and Morris (2019), Bergemann
and Bonatti (2019), and Kamenica (2019) for surveys on information design in general.
More specifically, we relate to the literature on the degree of information provision (see,
for example, Hopenhayn and Saeedi, 2023), and to quality disclosure by a certifier as
surveyed by Dranove and Jin (2010).

Most closely related to our work are Armstrong and Zhou (2022) and Roesler and
Szentes (2017). The latter show that the consumer-optimal signal structure in a monopoly
involves posterior distributions featuring partial learning. We find no learning beyond ini-
tial product rankings to be the consumer-optimal signal structure, as it stifles competition—
an effect absent in their monopoly model.

As Armstrong and Zhou (2022), we focus on a competitive duopoly and, in line with
earlier studies such as Anderson and Renault (2009), on a central provider of information
rather than decentralized information provision, e.g., by firms. While the key trade-
off—more information results in less competition and higher pricesbut allows consumers
to choose the “right” alternative more frequently—is similar to Armstrong and Zhou
(2022) and Biglaiser et al. (2025), we consider vertical instead of horizontal differentiation
and allow for ex-ante asymmetric firms. In line with idiosyncratic consumer preferences,
Armstrong and Zhou (2022) consider personalized provision of information, while we
focus on public information provision with common product rankings across consumers.
The latter appears more suitable when information is about common, objective product
components.

These differences in the setup are economically relevant. We show that to maximize
firm profits it is sufficient to reveal only product rankings. However, after any information
provision, consumers remain heterogeneous, allowing both firms to retain positive market
shares. Thus, in contrast to Armstrong and Zhou (2022), the firm-optimal policy does not
induce allocative efficiency. Moreover, under the consumer-optimal policy no information
about the quality ranking beyond the prior is disclosed. This also holds in the empirically

relevant situation in which there is an extensive margin. These findings are related in



spirit to those in Lewis and Sappington (1994), who consider a monopolistic supplier. It
is also worth noting that if firms are perceived as ex-ante symmetric (as in Armstrong
and Zhou, 2022), not revealing any information would be weakly optimal for consumer
surplus.

From a welfare perspective, we show that welfare-optimal and seller-optimal rather
than consumer-optimal information structures tend to be aligned in our setup. This is in
contrast to Bergemann et al. (2025), who consider a market for horizontally differentiated
products and the provision of information about the buyers’ valuation.

Condorelli and Szentes (2025) similarly focus on the comparison of welfare- and
consumer-optimal allocations in a model addressing the two-sided matching design prob-
lem of a platform that has superior information about its users but does not control their
bargaining. They show that a platform can use the matching procedure to garble the
information of sellers in a way that offsets their bargaining power at the cost of creating
sorting inefficiencies compared to the first-best outcome. This is in line with the allocative
distortion implied by the consumer-optimal information structure in our setting.

While their paper and ours address similar economic trade-offs in the design of infor-
mation environments, they do so in different and thus complementary settings. We focus
on third-party information provision and competition after information provision, whereas
they study platform-side matching technologies that determine consumers’ consideration
sets in digital markets and their implications for post-matching outcomes. In particular,
consumers in their model are presented with just one take-it-or-leave-it offer after the
matching. Our results complement their analysis by showing that a trade-off between
buyer surplus and allocative efficiency arises when there is the potential for information
provision by third parties.

Hopenhayn and Saeedi (2023) primarily focus on the effect of information as mitigating
adverse selection, by which low-quality firms crowd out high-quality firms’ sales by pooling
with them when consumers do not know the difference. Their attribution of the surplus
generated by information to consumers vs. producers varies with concavity vs. convexity
of the market supply function.* Adverse selection does not figure in our setup.

Finally, quality certification—an early example is Albano and Lizzeri (2001), a recent
one Zapechelnyuk (2020)—may be focused primarily on the incentives to affect the sup-
pliers’ provision of higher quality. This is not the issue at stake here. We take quality as
given and focus on the consequences of a third party informing both buyers and suppliers

about quality differences.

4The finding that information may hurt consumers when the supply function is sufficiently convex is
also present in Schlee (1996).



2 Model

There are two firms, indexed by ¢ € {A, B}, each producing a product of different quality,
and competing in prices. The quality of firm i’s product is ¢; € @ = {¢', ..., ¢"}, where
¢ > qv !> ... > ¢ > 0. We assume that the production cost is independent of quality
and normalized to zero. The state of the market, defined by the pair of product qualities,
is denoted by w € Q = {(qa,q8)|¢: € Q}. Let Ay € [0, 1) be the common prior probability
that the quality of firm A is ¢* and the quality of firm B is ¢¢, where k, ¢ =1,...,n. We
assume that there is initial uncertainty about the ranking of the firms’ qualities, that is,
that the prior satisfies Plga > ¢p] € (0, 1).

There is a unit mass of consumers, each demanding one unit of the good. Consumers
differ in their willingness to pay for quality 6, which is distributed according to the CDF
F :[0,0], with @ > 0. We assume that it admits density f(#) > 0, which is twice
differentiable and log-concave on [#,6]. To ensure an interior solution of the pricing
subgame, we additionally assume that 8 < 1/f(6).

A consumer’s valuation from purchasing a good of quality ¢ at price p, given her
willingness to pay for quality 0, is 8¢ — p. For now, we assume that the outside option v
of consumers is sufficiently low (e.g., v = —00), ensuring that the market is fully covered.
We discuss the implications of relaxing this assumption in Section 4.1.

We assume that there is an information designer who chooses an experiment that
generates a public signal about the firms’ qualities. We separately analyze two distinct
objectives of the information designer: (i) the maximization of total industry profit, and
(ii) the maximization of consumer surplus.® Given the finite state space, we can restrict
attention to finite signal structures without loss of generality. Formally, an experiment
£ is represented by a finite set of signals ¥ and a collection of conditional probabilities
{s(-|w) }weq over X, where s(o|w) is the probability that signal o € ¥ realizes conditional
on state w € 2.

The timing of the game unfolds as follows. The information designer commits to an
experiment. Then, the public signal is realized according to the experiment and the latent
underlying state. In response to the signal, firms simultaneously set prices ps and pp.
Consumers, observing both the signal and the prices, make their purchase decisions. We

characterize the subgame perfect equilibria of the game.

3 Analysis

We begin by characterizing equilibria in the pricing subgame for a given experiment and

a realized public signal about the firms’ qualities. Then, using backward induction, we

®When the information designer’s objective is a convex combination of (i) and (ii), the results follow
directly from the analysis of the boundary cases, as we show that consumer surplus can be represented
as an affine function of industry profits.



characterize the necessary and sufficient conditions for an experiment to maximize total

industry profits and consumer surplus, respectively.

3.1 Price Setting Stage

Consider the subgame in which the information designer has chosen an experiment £ =
{s(0|w)}(ow) and a public signal o € ¥ has realized. Define Ag; ;(0) as the expected

quality difference between firm 7 and firm j conditional on signal o, i.e.,
Ag;j(0) = Elg; — g;l0].

If Ag; j(0) = 0, then firms compete a la Bertrand and charge zero prices, resulting in zero
profits. Otherwise, suppose, without loss of generality, that firm ¢ has a strictly higher
expected quality conditional on signal ¢ than firm j, i.e., Ag; j(0) > 0. Let there exist a
consumer of type 0 c [0, 0] who is indifferent between purchasing from firm i and firm j
when the firms set prices p; and p;, respectively. Then, the indifference condition for this

consumer is given by

0Egilo] — pi = 0E[g;]0] — p;. (1)
which implies that
j_ Pi— Dy
0 =-———"-. 2
Agi (o) )

Consumers with 6 > 6 buy from firm ¢, and the remaining consumers with 6 < 0 buy

from firm j. The resulting firms’ profit functions are:

wlopo) = (1-F (22 ) o, )

wosnlo) = F (BB, (@)
If the indifference condition (1) is solved for some 6 > 6, then firm i makes zero profits
as all profits accrue to firm j. If instead it is solved for some 6 < @, then all consumers
buy from firm ¢, and firm j earns zero profits.

Since the density function f is log-concave, it follows that the firms’ demand functions
F(-) and 1 — F(-) are log-concave (by Theorems 1 and 2 in Bagnoli and Bergstrom, 2005).
Consequently, the profit functions given in equations (3) and (4) are also log-concave, and
therefore quasi-concave. Thus, a solution to the system of first-order conditions together
with equation (2) determines an equilibrium of the pricing subgame. The following lemma
establishes the existence of a unique equilibrium of the pricing subgame for any given
experiment £ and realized signal o. It also characterizes the corresponding equilibrium

prices and the equilibrium location of the indifferent consumer.



Lemma 1. Consider an experiment € = {s(0|w)}(o.w) and a realized public signal o € X.
If Ag; (o) > 0, then in the unique equilibrium of the pricing subgame, firms set prices

. F(6
Ag;j(o) and pj(o) = QAQW'(O'),

f(0)

O
Consumers with 6 € [é,g] buy from firm i, and the remaining consumers buy from firm j.

Furthermore, 0 is independent of the signal o.

The proof of Lemma 1 can be found in the Appendix. To see why the type of the
indifferent consumer, é, is invariant to the expected quality difference, define prices nor-
malized by the expected quality gap, p; = p;/Aq; (o) and p’ = p;/Ag; (o), as the new
strategic variables of the firms. Then, the profit functions of firms ¢ and j can be rewritten
as Ag (o) (1 — F(p; — p))p; and Ag; ;(0) F(p; — p})p];, respectively. Since Ag; ;(o) enters
the profit functions only as a multiplicative constant, the equilibrium normalized prices p,
and p;» do not depend on the expected quality gap. Therefore, 0 = P — p;- is independent
of Ag; j(0) in equilibrium, and consequently also independent of the signal o.

Given that the equilibrium normalized prices do not depend on the expected quality
difference, the equilibrium prices, p; (o) and pj(o), increase linearly in Ag; j(). The same

applies to the equilibrium profits, which are given by:

(o EMA (o) and 7i(o EFQ(é)A (o).
2( ) f(é) Qz,J( ) j< ) f(é) QZ,J( )

Intuitively, firms benefit from the reduced competitive pressure associated with increased
quality differentiation. Indeed, the demand of the firm with higher expected quality
becomes less elastic.® Furthermore, as price competition under vertical differentiation
features strategic complementarity, the price increase of firm i triggers a strategic response
of firm j to raise its price as well. Thus, even the firm with lower expected quality benefits
from an increasing expected quality difference, Ag; ;(o).

The resulting total industry profit is given by

(o) = m4(0) + 7p(0) = ¥[Agas(o)l, (5)

s _
6The absolute value of the price elasticity of demand of firm i is |g;| = - (?(“,,J(_I,)J)) Aq_p?(a). Both
—Flagy) ~8

a;,5 (o
components are positive for the firm perceived to be of higher quality. As the hazard rate function,
f/(1—F), increases in its argument (and thus decreases in Ag; (o)), while the factor p;/Ag; ;(o) decreases

as well, the absolute value of the elasticity decreases in Ag; (o).



where

(1— F(0)) + F2(0)
£(0)

Consumer surplus for a given signal o can be written as follows:

: (6)

CS(0) = TE[gio] + TElgj|o] — 1), (7)

where _ 5
0 0

TE/ 0dF(0) and IE/ OdF(0).
0 0

Let us define the ex-ante total industry profit and the ex-ante consumer surplus for a

given experiment £ as

¢ = Z Z Aos(o|w)I(o) and CS¢ = Z Z Aws(a|w)CS (o).

wEN oEY weEN oEXD

In the following section, we provide separate characterizations of the experiments that

maximize ex-ante total industry profit, II*, and ex-ante consumer surplus, C'S¢.

3.2 Optimal Information Structures

To characterize which information structures are most beneficial for firms and consumers,
respectively, we introduce two classes of experiments, namely rank-revealing and rank-
preserving ones.

A rank-revealing experiment does not pool states in which firm qualities differ in their
order; that is, it does not pool states in which ¢; > ¢; with states in which ¢; < ¢;. Let S be
the set of all rank-revealing experiments. Formally, we define rank-revealing experiments

as follows.

Definition 1 (Rank-revealing signals and experiments). A signal o generated by an ex-
periment € = {s(-|w) }weq s rank-revealing if and only if for every k > £, we have that
s (o] (¢",¢")) > 0 implies that s (o] (¢",q™)) = 0 for every h < m. An ezperiment & is
rank-revealing, that is, £ € S, if and only if all signals o sent with positive probability are

rank-revealing.

Note that the fully informative experiment belongs to S, implying that S is non-empty.
Next, we introduce experiments that are rank-preserving. They never overturn the ranking
of firms’ prior expected qualities. Put differently, if firm ¢ is ex ante perceived to be of
strictly higher expected quality than firm j, there cannot be a signal realization o € X
such that E[g;|o] < E[g;|o]. Let H be the set of all rank-preserving experiments. Formally,

we define rank-preserving experiments as follows.



Definition 2 (Rank-preserving experiments). An experiment € = {s(-|w)}weq is rank-
preserving, that is, € € H, if and only if E[¢;] > Elg;] implies that Elg;|c] > E[g;|o] for

every signal o € 3.

Note that the uninformative experiment belongs to H by construction, implying that

H is non-empty as well.

Industry profit-maximizing information design. For any rank-revealing experi-

ment, we have by construction that, for all o,
|Aqa,5(0)| = [Elga — g5lo]| = E[|lga — gl |o]. (8)

This implies that the expected industry profit under a rank-revealing experiment £ € S

is given by:

=AY s(01w) WA s (o) (9)

we oeY

=Y A s(ow)VE[jga — gsl |o] (10)
weN cEX

= VE|q4 — q5|, (11)

where the last step follows from the law of iterated expectations.

We will next establish that any non-rank-revealing experiment attains lower industry
profits. Towards this, consider any experiment & ¢ S, implying that there exists a signal
o' that does not fully reveal firms’ quality ranking.” Applying Jensen’s inequality, we

obtain
1Aqa5(0")| = |Elga — gBlo’]] < Ellga — gs||o’], (12)

where the strict inequality follows from the fact that there are at least two nonzero terms
with opposing signs in the summation over states. Note that (12) holds for any signal ¢’
that is non-revealing, while any revealing signal o satisfies (8). Given the existence of at

least one non-revealing signal realization, we obtain that

YA Y s(0l) [ Agan(o) (13)

weN o’eX’

<O A Y sOW)E (la — g5l10' (14)

weN o’'ex’

= UE|q4 — q5| = II¢, (15)

"Formally, this implies the existence of k’,¢,h',m’, such that s’ (U’| (qkl,qz/)) > 0 and

s (a’| (qh/,qm,» > 0 hold simultaneously with ¢*" > ¢* and ¢" < ¢™

10



which holds for any £ € S. Given the non-emptiness of S, we can conclude the following

result about industry-profit maximizing information structures.

Proposition 1. An experiment £ maximizes expected industry profits if and only if it is

rank-revealing, i.e., £ € S.

Consumer surplus-maximizing information design. Consider a signal ¢ and sup-

pose that Ag; j(¢) > 0. Then, consumer surplus given in equation (7) can be rewritten

as follows:
T+T T-T
CS(o) = — (E[galo] + E[gz|o]) + 5 [Elgalo] — Elgzlo]| — ¥[Aga (o) (16)
T+T T-T
= T_E[QA + gplo] + 5 =[Aqa,5(0)| — V|Agap(o)] (17)

This expression allows us to intuitively disentangle the components affecting consumer
surplus into allocation and expenditure effects. The first term represents the gross con-
sumption surplus if consumers were randomly allocated across the two products in a
uniform manner. The second term represents the change in gross consumption surplus—
relative to the uniform random allocation—due to an allocation based on the difference
in expected qualities: consumers with a high willingness to pay for quality (8 > ) gain
from more frequently purchasing the high-quality product, while consumers with a low
willingness to pay for quality (0 < é) lose, as they purchase the high-quality good less
frequently. Finally, the third term captures the total expenditures of consumers.

Based on this formulation of interim consumer surplus given o, we can express ex-ante
consumer surplus as
T+T

Lilgaran + (1)1 (18)

£
cs 50

Thus, the effect of information on consumer surplus is directly related to how informa-
tion affects total industry profits. Whether consumers’ incentives regarding information
are aligned with, or are opposed to firms’ incentives depends on whether the sign of the
factor multiplying profits in (18) is positive or negative.

As ¥ > 0, this sign is equivalent to that of T_TI — U, which captures the marginal
effects of increased perceived quality differentiation in (17). Specifically, T%I is the ef-
fect on consumers’ gross surplus resulting from a marginal change in expected quality
difference, while V¥ is the effect on industry profits—here equivalent to consumers’ total

expenditures—resulting from the same marginal change.

11



To see this, note that we can rewrite

E — U = (1—F(9>> (E[@\@ 2 é} . 1_]*?@))
2 2 f(9)
- (E[0|0 <6 F(H)
— F(6) ( 5+ f(é)> : (19)

A

In the first term of equation (19), (1—F(6)) represents the mass of consumers purchas-
ing the product perceived to be of higher quality. Because 6 remains constant following a
marginal increase in perceived quality differentiation, the allocation of consumers across
firms remains unaffected. Relative to the baseline surplus from the uniformly random
allocation in the first component of equation (17), the marginal gain in gross consumer
surplus is therefore equal to one half—the share of consumers re-allocated relative to
the random allocation—times the expected willingness to pay for the marginal increase in
quality of the consumers purchasing the product with higher perceived quality, E[6]6 > é]
However, all consumers who purchase the high-quality product pay a higher price, which
marginally increases by (1 — F(6))/f(6).

Analogously, in the second part of equation (19), F' (9) is the mass of consumers pur-
chasing the product perceived to be of lower quality, while E[0]6 < é] is the marginal loss
in gross consumer surplus for those consumers reallocated relative to the random alloca-
tion, and F(6)/f(0) is the marginal price increase which affects all consumers purchasing
the product perceived to be of lower quality.

The following lemma shows that, following increased quality differentiation, the firms
can always extract strictly more than the consumers can gain in terms of gross surplus.
This implies that consumers’ and firms’ incentives regarding information provision are

opposed.
Lemma 2. It holds that (T —T) /2 < .

It directly follows from (18) and Lemma 2 that an experiment maximizes consumer sur-
plus if and only if it minimizes industry profits. We next establish that any rank-preserving
experiment minimizes industry profits. Towards this, consider a rank-preserving exper-
iment €. As the order of posteriors never changes, all Ags p(o) have the same sign. It

therefore holds for the expected industry profit that

I8 =0 A s(olw) [Agas(o)l (20)

we oEY

=T A s(olw)Agas(o) (21)
weN oceEY

=V |E[ga — g5]|. (22)

12



But for any experiment & ¢ H, there exists a signal ¢’ that changes the expected quality

ranking. By Jensen’s inequality, we therefore have that

I =0) A, Y s(olw) |Agas(o)| (23)

weN olex!

=0 A ) s(olw) [Elga — azlo’] (24)

weN olex!

> U [E[ga - gsl| (25)
= I1%, (26)

where £ € H. As rank-preserving experiments minimize expected industry profits, they
maximize expected consumer surplus. Given the non-emptiness of H, we can conclude

with the following proposition.

Proposition 2. An experiment £ mazimizes expected consumer surplus if and only if it

18 rank-preserving, i.e., £ € H.

4 Extensions

We discuss several extensions that relax assumptions made in the baseline model and
showcase the robustness of the identified mechanisms and results. Specifically, we consider
a setting in which the market is not fully covered, which introduces an extensive margin,
and settings with alternative cost function specifications. We also discuss how changes in

consumer preferences affect the results.

4.1 Allowing for an Extensive Margin

One might expect that our results are weakened if not nullified by allowing for an extensive
margin: it limits the extractive power of the firms, as they compete against an elastic
outside option rather than only against each other. In this section, we show that this
expectation is incorrect. To keep the analysis tractable and focused, we restrict attention
to perfectly negatively correlated qualities and uniformly distributed consumer types.

Let Q = {q,q} with ¢ < ¢ and Q = {(¢,7), (7, ¢)}. Denote by A the probability that
w = (q,q), i.e., that firm A is of high quality. Further, we assume that § ~ U : [0,1]. The
value of the outside option is normalized to zero, i.e., v = 0.

Within this framework, the information-design problem is characterized by choosing
a distribution over a single posterior belief y—the belief that firm one is the high-quality
firm—subject to Bayes plausibility. Thus, given a posterior belief i, consumers expect
firm A (firm B) to be of higher quality if © > (<)1/2.
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For any belief 4, an equilibrium in the pricing game exists and is unique (see Be-
nassi et al., 2019, for a general treatment of the pricing game). The following lemma

characterizes the unique equilibrium for a given belief 1 (for the proof, see Appendix B).

Lemma 3. For any belief i € [0, 1], the unique equilibrium features prices

_ 7+ (1—p1) .
2(q —q)(2pn — 1)%, if p>1/2

= (1—p)q+ug )
(C]__q)(l—QM)m, if p<1/2

7 (1—p)a+ ,
* (@- 9~ Vgnaaam  Fr21/2
pB(lu) - = pg+(l—p)g ) (28)
20— (1 = 20) gosgrans W r<1/2.

4=5p)q+(5u—1)g’
Industry Profits. Consider the total industry profits conditional on a posterior p as
() = 7 () + 75(p), where 7} (p) are the profits induced by the equilibrium pricing
strategies defined in Lemma 3. We derive the explicit expression for the correspond-
ing industry profits in Appendix B. Here, we only observe that the industry profits are
necessarily symmetric around g = 1/2 (as the model is symmetric in the firm identity).
Moreover, industry profits are strictly increasing towards extreme beliefs—that is, strictly
decreasing in p for p € [0,1/2) and strictly increasing in p for g € (1/2,1]. Thus, the in-
dustry profit function has two (global) maxima at g = 0 and p = 1. It follows immediately

that industry profits are maximized under full information revelation.

Proposition 3. The perfectly informative experiment, which is the only rank-revealing

experiment, uniquely maximizes industry profits when there is an extensive margin.

As in the previous section, in which market demand was completely inelastic so that
all consumers purchased, industry profits were maximized for rank-revealing information
structures. In the specific case with perfectly negatively correlated binary qualities, the
only rank-revealing information structure is full information revelation. The intuition
follows again from the differentiation incentive of the firms. The more precisely informed
the consumers are, the more differentiated they perceive the firms’ products, and hence,

the less competitive the market becomes.

Consumer Surplus. As before, we can express consumer surplus as being composed
of three components: the gross surplus of consumers purchasing the perceived low-quality
product, the gross surplus of consumers purchasing the perceived high-quality product,
and the industry profits, which need to be subtracted from the first two components.
Building on the equilibrium prices in Lemma 3, we can obtain the consumer surplus
function, which also has to be symmetric around p = 1/2. We provide the expression
in Appendix B. We note here that consumer surplus strictly decreases as the belief ap-

proaches the extremes. Thus, it has a global maximum at g = 1/2 and two global minima

14



1) CS(u)

cSe
CSNI 1

HNI 1

s 0S7

1
1
: : — U :

0 0.5 A 1 0 0.5 A 1
Figure 1: Industry profits and consumer surplus with an extensive margin.
The left panel depicts the industry profits II(x) in black. The orange line depicts the concavification of TI(u).
The blue line corresponds to the convexification of II(1). The right panel depicts the consumer surplus C'S(u). The blue
line depicts the concavification C'S(u). The orange line depicts the convexification of C'S(u).
The graphs highlight three policies and their corresponding payoffs. (i) The orange points are associated with the
industry-profit maximizing, fully informative policy (inducing I/, CSf); (ii) the blue points are associated with the

consumer-optimal maximally-informative, rank-preserving policy (inducing II¢, CS€); and (iii) the black points are
associated with no information revelation (inducing IIN?, C'SNT).

at u = 0 and u = 1. It follows that consumer surplus is minimized under the fully in-
formative structure that maximizes industry profits. It turns out that the consumer
surplus function is strictly convex in the belief within each subinterval p € [0,1/2) and
p € (1/2,1]. Therefore, the consumer-optimal information structure is such that it is (i)
rank-preserving, and (ii) the most informative rank-preserving information structure.

If firm A is the a priori higher-quality firm (i.e., if A > 1/2), this implies that consumers
never believe that firm B is the higher-quality firm after any signal realization, and that
the consumer-optimal experiment reveals firm A to be the high-quality firm sometimes

and otherwise makes consumers indifferent between the two firms.

Proposition 4. With an extensive margin, consumer surplus is uniquely mazimized by

the most informative rank-preserving experiment.

There are two forces behind this result. First, as in the preceding analysis without the
extensive margin, consumers benefit from not learning the ranking of the firms due to more
intense price competition. Second, the consumers nevertheless benefit from some infor-
mation revelation, as it affects participation in the market. Without an extensive margin,
all consumers purchase under any rank-preserving information structure. With an inten-
sive margin, however, the purchasing decision becomes relevant, and with that marginal
information. Hence, among those information structures that lead to intense competition,
more information benefits consumers by encouraging efficient selection of consumers into
purchasing. Indeed, the existence of an outside option limits the rent-extraction ability
of firms when their market power increases due to differentiation. The firms now have to
balance inframarginal gains from higher prices against marginal losses due to consumers’

non-participation. This new effect limits the losses in consumer surplus as firms become
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more differentiated, causing the consumer surplus function to become convex. This con-
vexity, in turn, introduces the marginal benefit of information for consumers by limiting
losses after a firm is perfectly revealed to be of high quality, but retaining the benefits of
fierce competition after the uninformative signal is observed.

Note that due to the strict local concavity of industry profits in the rank-preserving
regions, the consumer-optimal information structure minimizes industry profits. Simi-
larly, that consumer surplus is decreasing toward extreme beliefs implies that the profit-
maximizing, perfectly revealing information structure minimizes consumer surplus. Thus,
we retain perfectly opposing incentives regarding information between firms and con-

sumers in the model with an extensive margin.

4.2 Alternative cost function specifications

We next discuss the robustness of our findings to alternative cost function specifications.
Specifically, we consider two deviations from our baseline model: non-linear (convex) cost
functions and asymmetric cost functions. We analyze these specifications in detail in Ap-
pendices C.2 and C.3. As with an extensive margin, the marginal consumer’s type is no
longer necessarily independent of the revealed information. Instead, it becomes endoge-
nous to the information structure, which substantially complicates the analysis. However,
we show that, in both settings, the analyses boil down to one-dimensional information
design problems, which depend only on the posterior mean of quality differences. This
allows us to characterize profit- and consumer-surplus-maximizing information design by
leveraging insights from the recent literature on duality results in information design (see,
e.g., Dworczak and Martini, 2019; Dizdar and Kové¢, 2020; Arieli et al., 2023).

Non-linear production costs In Appendix C.2, we study a setting in which firms have

2

symmetric convex production costs given by C'(z) = £2*, and in which consumer tastes

2
are distributed according to the uniform distribution, 8 ~ U]0,1]. For any experiment,
the equilibrium industry profits are strictly convex in the absolute value of the posterior
mean of the quality difference, which we illustrate in Figure C.1. Thus, industry profits are
maximized when the quality differential is fully revealed. We formalize this observation
in Proposition C.1.

This result showcases that the mechanism identified in the baseline analysis—firms
benefit from information revelation that increases the perceived differentiation—carries
over. It is no longer sufficient, however, to reveal information about the ranking of firms’
qualities alone. Instead, firms benefit from the additional revelation of the cardinal dif-
ference. This is because more precise information enables firms to more efficiently resolve
the trade-off between allocative efficiency and increasing marginal production costs. We

furthermore show in Appendix C.2 that this effect similarly dominates in terms of total
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welfare, which is maximized under full revelation of the quality differential (see Proposi-
tion C.2).

Regarding consumer surplus, we find that, as before, consumer surplus is single-peaked
in the posterior quality gap, with the peak attained when firms are perceived as symmet-
ric Agap = 0. Moreover, it is convex and increasing for Agsp < 0 and convex and
decreasing for Agy p > 0. From this characterization, we can deduce the qualitative
properties of the consumer-optimal information policy directly, which we formally estab-
lish in Proposition C.3. First, it is straightforward that consumer surplus is maximized
under the non-informative experiment whenever the prior belief is that firms’ expected
qualities are identical, that is, whenever the firms are ex-ante symmetric. Otherwise, the
optimal experiment is a censorship experiment in the sense of Kolotilin et al. (2022), in
which the quality gap Aga g is fully revealed on one side of a cutoff quality gap, while
realizations on the other side are pooled together into symmetric posterior quality beliefs.

In particular, this implies that the consumer-optimal experiment remains rank-preserving.
Only states that rank firms according to the prior are fully revealed and the pooling signal
is constructed in such a way that the expected quality gap is zero conditional on observ-
ing the pooling signal. Moreover, the tension between what is beneficial for firms and

consumers continues to apply.

Asymmetric production costs Towards asymmetric production costs, we consider
a setting in which firms have asymmetric but constant marginal costs ¢4 and cp with
cqa > cg > 0. In Appendix C.3, we derive the equilibrium of the pricing subgame and
characterize industry profits and consumer welfare as a function of the posterior expected
quality difference. Restricting attention to uniformly distributed consumer tastes for qual-
ity, 8 ~ U|0, 1], we show that industry profits are maximized by an experiment that pools
interior—in terms of the underlying expected quality difference—states for which the cost
difference dominates the quality difference, while states outside this interior interval are
fully revealed (see Proposition C.1). This follows from a convex-concave-convex profit
shape, where the concave shape for quality gaps around zero (that is, symmetric beliefs
about the firms’ qualities) results from monopolization due to more efficient production
technologies.® We obtain the characterization of the industry-profit maximizing exper-
iment using the techniques developed in Dworczak and Martini (2019) adapted to the
finite state case (see Dizdar and Kovéc, 2020).

These results are economically intuitive. Pooling states in which the cost asymmetry
dominates avoids belief configurations in which firms compete heavily. This would occur

when the cost and quality differences offset each other, that is, when the low-cost firm has

8Tt should be noted that analogous convex-concave-convex shapes and characterizations of optimal
experiments can be obtained without monopolization in a model with asymmetric quadratic cost func-
tions. Hence, the results do not rely on the monopolization region but on competition between firms with
asymmetric cost structures when their product qualities are relatively symmetric.
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a lower expected quality. In addition, the revelation of the full quality difference improves
the allocative efficiency and thus provides an increased opportunity for rent extraction.
Notably, the results reinforce the findings of our baseline setting: firms benefit when
consumers perceive them as differentiated. Differentiation in turn can arise both from
different expected qualities and from the underlying production cost differences when
quality differences are comparatively small.

Consumers, in contrast, continue to benefit from experiments that limit information
about firm qualities. While the analysis becomes substantially more complicated, the non-
informative experiment continues to maximize consumer surplus if the prior is such that
firms would be induced to compete fiercely. Crucially, the consumer-optimal experiment
is rank-preserving for a wide range of prior expectations about the quality gap between
firms, as we establish in Proposition C.2, and always features pooling of non-degenerate
sets of quality differences. This once again showcases that consumers benefit from limits

to the revealed information.

4.3 Non-multiplicative utility functions

Finally, we consider departures from the utility specification in which consumers’ willing-
ness to pay for quality and quality itself interact multiplicatively. While this specification
is standard in the literature (dating back to Mussa and Rosen, 1978), it is a crucial in-
gredient to our analysis as it implies the Shaked and Sutton (1982)-type independence
between the marginal consumer’s type and firms’ quality perceptions in the baseline set-
ting. As such, it is a natural question to explore what happens under non-multiplicative
utility specifications.

Towards this, we establish in Appendix D that the marginal consumer type 6 is inde-
pendent of the information structure if and only if the utility function is linear in quality,
up to a monotone transformation of quality. Under a non-multiplicative setting, the anal-
ysis therefore becomes substantially more complicated. In particular, it is not a priori
clear whether the marginal type can even be represented as a function of the expected
quality difference. If this were not the case, the problem would not be a one-dimensional
information design problem as in the case of non-linear and asymmetric costs, but instead
become an information design problem in which the full posterior distribution of qualities
matters.’

Overall, our representation result in Proposition D.1 offers a sharp and informative
characterization of why the widely used assumption of multiplicative consumer preferences

is so powerful in the vertical differentiation literature. At the same time, we view it as

9Tt is straightforward to establish that this complication necessarily arises in settings with continuous
qualities: there, the marginal type 6 can never be represented as a function of the expected quality
difference, as it is either independent of the firms’ qualities—as in our baseline model—or depends on
the full posterior distribution of qualities.
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an invitation for future research to develop new tools and insights for richer settings that

move beyond this benchmark.

5 Concluding Remarks

We analyze a model in which duopolistic sellers offer vertically differentiated products to
heterogeneous buyers. A third party provides public information about firms’ product
qualities. This information helps consumers make better decisions about which product
to purchase, but also allows firms to adjust their prices to updated consumer beliefs.
The latter is particularly important, as information may relax competition by increasing
perceived product differentiation.

We show that, in a fully covered market, the primary criterion determining the welfare
consequences of information structures is their content regarding product rankings. In this
setting, it is therefore not necessary to provide informational content regarding specific
quality levels or quality differences.

Our main finding is that buyer-optimal and seller-optimal information structures are
opposite to each other. Sellers prefer the quality ranking of their products to be disclosed,
while buyers prefer the prior ranking to be preserved even though it may be ex post
incorrect. These results obtain both when the market is fully covered and when an
extensive margin is considered. In the latter case, the consumer-optimal information
structure is such that it is maximally informative subject to preserving the prior ranking.
We also show that the tension between consumer-optimal and firm-optimal information
structures extends to settings with non-linear or asymmetric production costs.

Our results have important implications for the design of third-party public informa-
tion, such as search rankings and ratings on platform markets, or information disseminated
by consumer organizations, certifiers, or regulators. More generally, they raise questions

about consumer-induced certification of product qualities or rankings.
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Appendix

A Proofs

Proof of Lemma 1. Assume for a contradiction that there is no indifferent consumer
in equilibrium. Then, a firm serving the entire market can slightly increase its price and
achieve greater profits, leading to a contradiction. Therefore, in any equilibrium, there
exists an indifferent consumer.

Suppose that firms set prices p; and p; and there is an indifferent consumer H =
(pi — p;j)/Agij(0) € [0,0]. In the main text we established that the profit functions given
in equations (3) and (4) are quasi-concave and therefore it is sufficient to consider the

system of the first-order conditions given by

=10~ 5
0=F0)- 3,0

Solving the system with respect to p; and p;, we obtain

,:1_—F(é)A.AU and A:F(é)AHU_
i 70 qi (o) P 0 Gi,j(0)

Plugging the expressions for p; and p; into 6 = (pi — p;)/Aq; (o), we find that the type

of the indifferent consumer, é, satisfies the following equation

i1 2{7(0}
f(0)

As f is a log-concave function, (1 — F)/f is a non-increasing function and F'/f is a non-

~0. (29)

decreasing function. Thus, the expression in equation (29) is non-decreasing in 0. Since
0 < 1/f(0), the intermediate value theorem guarantees the existence of a unique 6 € (6, 0)
that solves equation (29). O

Proof of Lemma 2. Plugging in the expressions for T, T, ¥, we have:

~

(1L—F(6))’ + F(6)

~ . 30
B (30)

7—2—2\11:/0%}7(0)—/GGdF(Q)—Q
0 0
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Integrating by parts the first two integrals, we obtain:

A ~

T - —0—0F(0) + /(1—F(9))d0

( 9)d6’> P G F(é))f + 2 (0) (31)
f()

)d9+/( — F(0))d6 + 6(1 — 2F(0)) —

J(1=F(0)* + F(0)

\ Ss)

Plugging in 6 = (1 — 2F(6))/f(6) into the third term, we obtain:

_ 0 o (L=2F(0))* _(1—F(9)*+F*0)
T—I—2\IJ_/0 F(@)d9+/é (1= FO)0 + = 2 5
(33)
_ /96F<9)d9+/;(1 — F(6))d0 f(lé). (34)

By Theorem 1 and Theorem 3 of Bagnoli and Bergstrom (2005) log—concavity of the
density function f(#) implies that the functions G fe t)dt and H (0 fg (1 -
F(t))dt are also log-concave on [§,6]. By the deﬁmtlon of log concavity, we have that
GG" — (G")* <0 and HH" — (H')* < 0, implying that

6 F2 2
/ Foyn < 9 (35)
0 f(0)
6 _ 0))2
/ (1= F@)d < L=EO)° (36)
6 f(0)
Applying these inequalities, we finally have that
T—T—-20< L ((1 — F(0))*+ F*(0) — 1) (37)
f(0)
2 A A
= ———= (1= F(0))F() (38)
f(0)
<0, (39)
where we used the fact that 6 € (6,6) to obtain the last strict inequality. O
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B Extensive Margin

Proof of Lemma 3. Suppose that g > 1/2. Then, firm A is the high-quality firm in
expectation. With an extensive margin, there will be two marginal consumers, 6), and él,
both in [0,1]. Existence and uniqueness of equilibrium follow from Benassi et al. (2019).
We conjecture that the equilibrium is such that 6, > 6, > 0, and verify it in the following.

The marginal consumers define the firms’ demand functions:

Da(by) =1— 0y (40)
Dy(0,,0,) =0, — 6, (41)

Further, the marginal consumers are implicitly defined by the indifference conditions

On(ug+ (1 = 1)q) — pa = On((1 — )G + pg) — P (42)

(1 = 1)q + pg) — pp = 0. (43)

From here, we obtain the explicit expressions for the marginal consumers

A PA — DB
0, = — 44
2p—=1)(q-9) (44
A PB
= — 22 45
(it g )
and the corresponding profit functions
PA — DB
Ta(pa,peip) = |1 — — )p 46
Alpa,pzi ) ( u—-1)a-9)"" (46)
PA —PB PB
TB(Pa, PB; 1) = - - - pB- 47
ploap i) ((2u—1)(q—g) (1—u)q+ug) 7 )

The profit functions m; are strictly concave in their own price p; for any p_;,. Hence,

first-order conditions are sufficient to find the unique best reply functions:

pe+ (20 —1)(7—q)
2
(1= p)q+ pg
2(pg + (1 — p)q)

ph"(ps) = (48)

PR (pa) = pa (49)

Solving this system of equations yields the prices stated in Lemma 3. By equilibrium

uniqueness, the analogous argument for x4 < 1/2; and the standard Bertrand price com-

petition logic for p = 1/2, the characterization follows.
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For later reference, we obtain as equilibrium profits:

( _ pa+(-mg )2 o>
A2p =10 = 9\ Gnarasmg ) » Tr=1/2

ma(p) = (na+(1=p)a) (1=p)a+ 1)
1—2u)(d — E: = ifu<1/2
\ ( lu) (q _q) ((4—5u)¢i+(5ﬂ—1)£1)2 H /

( _ (rg+(1—p)q) (1—p)q+pg) .
20— 1)(qg — = = ifu>1/2
@ =0 - D= g THZ Y

mp(n) = ‘ )
- (1-p)d+pg .
\4(1 —2p)(q — q) <m> , ifpu<1/2
((q . THatsat(i-pa)
(= Cu—D)(pg+ (1 — p)g) 25, if p>1/2
H( )_ ((1*5u)q+(5u*4)g) (50)

T @ 90— 21— g+ pag) T

\ - - ((5u—4)c7+(1—5u)g)2’

For consumer surplus, we obtain in equilibrium

(1= 00) 52 (g + (1 — w)g) + (O — 0) 222 (g + (1 — p)q) . if o> 1/2

CS(p) = . : S
(1= 0,) 52 (1= )G+ pg) + (0n — 0) 252 (1 — g+ pq) ,  if p<1/2
—II(p)
(ug+(1—pw)q)? (5—p)q+(4+1)q) .
= = fu>1/2
r T (51)
o ((1*u)f¥+ug)2((4+u)§+(5gu)g)7 it < 1/2,
2(q(5p—4)+(1-5u)q)
Il

Proof of Proposition 3. We first show that industry profits are increasing and strictly

concave in p for p € (1/2,1]. Recall that the industry profits in this case are (see (50))

Q+g+3(u@+(1—u)g))'

(p) = (7= q)2p = 1) (pg + (1 -
1) = @=9@n =D+ —me o=

(52)

For our purposes, we can ignore the factor (7—¢). For convenience, denote r = ¢/q € (0, 1),
A(p)=r+ (1 —r)p and d(p) = 1 — 4r — 5(1 — r)p. Factoring out (¢)? in the numerator

and denominator, we obtain

II(p

(2p = D)(A(u) (A + 7+ 3(A(n))))

e %3)

) _
q

B

Note that d'(n) = —=5(1 —r) < 0 as well as d(u = 1/2) = —3(1 4+ r) < 0. Hence, the
denominator is strictly positive and the function is smooth for all p € (1/2,1].
Defining B(p) = 1+ 4r +3(1 — r)p and C(p) = 1 + 7r 4+ 6(1 — r)p, straightforward
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computations deliver for the first and second derivatives

(M)' _ 2d(p)A(p)B(p) + (1 —r)(2p — 1)(d(p)C (k) + 10A(u) B(p)) (54)
q—q d(p)?

O\ 200 =r) (1 +7)* (17(1 = r)p + 11 + 28r)

(%) - () <0 (55)

where the sign of the second derivative follows directly by noting that all terms in the
numerator are strictly positive and that the denominator has an even power. Thus,
industry profits are strictly concave in the belief u for all p € (1/2,1].

Given the concavity of industry profits, we only need to show that the first derivative
at p = 1 is positive to conclude that industry profits are strictly increasing in u for
pe (1/2,1].

Note the following evaluations

Alu=1)=1, Bu=1)=4+r, Cpu=1)=7+r, du=1)=—-4+r,

and conclude that for 4 = 1 all terms in both the numerator and the denominator are

finite and non-zero. Evaluating the overall expression at ;1 = 1 then yields

<H(u))'
7—q
Hence, we can conclude due to concavity that industry profits are increasing in u for

pe (1/2,1].
The analogous reasoning by symmetry yields that the industry profits are strictly

20— 7r(1—=7r(10+7))
B (4—r)3

> 0. (56)

p=1

decreasing and concave in p for all 4 € [0,1/2). A simple computation shows that the
left- and right-limit at g = 1/2 coincide. Thus, II(x) is continuous on its entire domain,
and we obtain II(u = 1/2) = 0.

These properties imply that industry profits have to global maxima at ¢ = 0 and
@ =1 and a global minimum at g = 1/2. Thus, the concavification of industry profits
is the horizontal line segment connecting (0,1I(0)) and (1,1I(1)). It follows from the
standard concavification argument, as in e.g., Kamenica and Gentzkow (2011); Aumann
et al. (1995) that the optimal policy is fully revealing and induces the posterior beliefs
p =0 and p =1 (with probability (1 — ) and A, respectively). O

Proof of Proposition 4. We again derive properties of the consumer surplus function
CS(u) from (51) for the case of u € (1/2,1] and the analogous properties for the case
p € 10,1/2) follow by symmetry. Recall A(pu) =r+(1—r)pand d(p) =1—4r—5(1—7r)p
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and let E(u) =5+ 4r — (1 — r)pu. Then, we obtain®®

CS(u) = A(p)*E (1)

27 o

st = L= TAW [d(u)(2E(2/;)(M—) 314(/0) 104 EW)] (58)
_ (=)t —pr)Pp,r)

= FIME q < 0, where (59)

P(u,r) =101+ 7+ pr(l — p)) +5p*(L+ %) + 7r(1 — pr) +12r* =34 >0 (60)

05" () = (1—1)2(1+r)? [47(5((;)2 r)+r)+5(1+7)] 70, (61)

where the sign of the inequality in the third line follows from d(u) < 0 and the odd power
in the denominator.

Consumer surplus is continuous at u = 1/2, as the left- and right-limits at u =
1/2 coincide. Hence, it follows that consumer surplus is strictly increasing and strictly
convex in p for all g € [0,1/2) and strictly decreasing and strictly convex in p for all
p € (1/2,1]. Further, consumer surplus attains a global maximum at x4 = 1/2 and two
global minima at g = 0 and p = 1/2. Hence, its concavification is given by the two line
segments from (0, CS(0)) to (1/2,CS(1/2)) and (1/2,CS(1/2)) to (1,CS(1)). Inspecting
the concavification at u = A for A > 1/2 pins down the maximal consumer surplus, which
is supported by an information structure that induces the posterior p = 1/2 and p =1

11

subject to Bayes’ plausibility."" Hence, the optimal experiment is the most informative

rank-preserving information structure. In particular, if firm A is of high quality, it is
1-)
By
B is never recommended as the higher-quality firm. O]

revealed as such with probability 2’\T’1 and pooled with firm B with probability . firm

C Alternative Cost Functions

In this Appendix, we study variations of our baseline model with respect to the produc-
tion costs. We rely on technical results from the information design literature, which we
summarize in Appendix C.1. Appendix C.2 analyzes the case of nonlinear symmetric pro-
duction costs, while Appendix C.3 studies the setting with linear asymmetric production

costs.

10Note that on their respective supports u € (1/2,1], d(p) is strictly negative, and that A(u) and E(u)
are strictly positive, implying that consumer surplus is strictly positive and smooth on its support.
"The case A < 1/2 is analogous.
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C.1 Preliminaries: Price Functions and Optimal Experiments

In both alternative cost specifications studied in Appendices C.2 and C.3, we show that
the objective function of the information designer, who maximizes either industry profits
or consumer surplus, can be expressed as a function of the posterior mean of the quality
difference. Therefore, to characterize optimal experiments, we can employ the duality
approach developed by Dworczak and Martini (2019); Dizdar and Kovaé¢ (2020). In this
Appendix, we outline this approach using the notation of our paper.

We denote realized quality differences by § = g4 —qp withd e D={¢'— ¢ : ¢',¢’ €
Q}, where we arrange the elements in increasing order and write D = {d,...,9,,}, the
convex hull of the support by D = co(D) = [61, 6,,] and the probability mass function of
§ at 6 € D by X°(dg) = D (ij)yqi—qi =50 Nij-

A sender chooses a public experiment generating a signal 0. We assume that the
sender’s payoff function depends solely on the posterior mean Ag(o) = E[d | o], and we
denote it by v = v(Ag(c)) : D — R. The choice of an experiment is equivalent to choosing
a distribution G of posterior means Aq supported on D such that G is a mean-preserving

contraction (MPC) of A°. Thus, the optimal experiment solves

sup  Egv(Ag)]. (62)
GEMPC()\%)

We define the set of price functions on D as
P(v) = {p: D — R such that p is convex and p(Aq) > v(Aq) VAq € D}. (63)

The price function is derived from the dual of the optimal persuasion problem and can
be used to characterize the optimal experiment, as shown in the following lemma, which
restates Theorem 3 in Dworczak and Martini (2019).

Lemma 4. The value of the optimal experiment is equal to its dual value, that is,'?

sup Eglo(Ag)] = inf Eylp(Aq)]. (64)
GEMPC(N) PEP(v)

Moreover, a candidate experiment £ that induces a distribution G of posterior means is

optimal if there exists a price function p € P(v) such that:

supp(G) C {Aq €D: v(Ag) = p(Aq)} , (Contact)
Elp(Aq) | o] = p(E[Aq | 0]) a.s. (Linearity)

Condition (Linearity) implies that pooling, i.e., generating a non-degenerate posterior

belief, can occur only in regions where the price function is affine. Conversely, if p is strictly

2M PC(X°) denotes the set of all mean-preserving contraction of the distribution A°.
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convex in a neighborhood of a posterior mean Agq, any signal inducing Aq must fully reveal
the relevant states. Furthermore, if p is affine on an interval [a,b] and p(z) > v(x) in its
interior, condition (Contact) implies that the posterior means must be supported on the
endpoints {a,b}. In such intervals, the optimal experiment corresponds to bi-pooling, as
described by Arieli et al. (2023).

C.2 Non-linear Production Costs

Towards analyzing a setting with non-linear cost functions, suppose that firms have sym-

metric and convex production costs given by C(z) = g:pz, where ¢ > 0. We start by
considering the problem of maximizing total industry surplus.
Consider an experiment £ and a public signal realization ¢ € ¥. Suppose first that

Ag; ; = E[g; — gj|lo] > 0. Firm i’s profits are given by

C

m; = pi(1 = F(6)) 2(1—F(é))2, (65)

where 6 = (p; — p;)/Aq;; (for Agi; # 0) remains unchanged relative to the baseline

analysis. The derivative of firm ¢’s profit function is given by

~ A1 ~ A1
m,=(1—F(0 f (0 +c(1—F(9))f(0 66
(1= FO) = pf0) o+ el = FO) )5 (69
Solving the FOC for the price, we obtain
(1= F(9) +c(1 = F(0)f(0) 5 . 1—F(0
pi= — o1 - P+ O ng, 6)
7(0) 5 0
Analogously, we obtain for firm j’s profits
~ c ~
w5 = pi () ~ SF(6), (68)
with derivative ) )
= F(0) —p, f(0 + cF(0)f(f 69
(6) = i) g+ eF )6 5 - (69
Solving the FOC for the price, we obtain
5 F(0)
=cF(0)+ —=Aq;;. 70
bj (0) 1(6) 4di.j (70)
Using the characterization of prices from the FOCs yields
h=-"—(1-2F@)+ LZ2F0) (e L (1—2F(6)). (71)
Agi; f(6) Agij  f(0)
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With a slight abuse of notation, let Aq = Agap = Elga — ¢glo]. It follows that total
industry profits are given by

oy + (= F@) +F2<é>
(1= F(@) + SF2(0) + G

= (1= F@)? + F9)) ( |Aq|) (72)

II(Ag) = |Aq|

N o

To simplify the analysis, we restrict attention to uniformly distributed consumer tastes,

0 ~ U[0,1]. This implies that  is determined by the following equation:

~ cC ~
0=11+ —) 1 —20), 73
(1+15g) 020 )
or, equivalently,
- c+ |Aq| 1 c
2c+ 3|Aq] 3 - 2¢ + 3| Aq| (74)

Note that for any Ag # 0, there is a unique solution 6 € (0, 1), which uniquely pins down

the equilibrium prices p; and p}, as well as industry profits.

For Aq = 0, consider any price p* € [ﬁ, 3{] Clearly, if firms set p*, then the resulting
C

profit of each firm is weakly positive as p 375 (5)2 > ¢ — 5 = 0. Moreover, undercutting

p* is unprofitable as the profit from undercutting is bounded from above by

*

L 1 T N

where the last term is exactly the profit at price p*. The second weak inequality follows

from the assumption that p* < 3c¢/4. Thus, any p* € [;‘i, @] when Aqg = 0 constitutes

an equilibrium price charged by both firms. For comparison to the baseline model, we

c
29
that arises as the limit of the equilibrium in the vertically differentiated model when the

select the equilibrium in which both firms set a price p* = £, which is the equilibrium
quality differential |Ag| tends to zero.

Combining the analysis for Ag # 0 and Ag = 0, we can express the equilibrium
industry profit as

(Ag) = ((1=0)2+0%) (5 +1Adl) (76)

(e 2|Aq|)(2¢% + 6¢|Aq| + 5|Aq|?) (77)
N 2(2¢ + 3|Aq|)? '

It is straightforward to show that the function Il is strictly convex in Aq.'® By Jensen’s

BNote that in the figures the functions appear piecewise linear. However, they are, in fact, strictly
convex.
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| Aq

Figure C.1: Total Industry Profit II(c), C(z) = 2?/2

inequality, the industry profits are maximized by the fully informative experiment.

Proposition C.1. Suppose that 0 ~ U|0,1] and that firms have symmetric and convex
production costs given by C(x) = §x2, with ¢ > 0. Then, industry profit is maximized

when the quality differential g4 — qp is fully revealed.

Total Welfare and Consumer Surplus. Towards assessing consumer and total wel-
fare, we continue to work with the uniform distribution on [0,1]. Suppose that Aq =
Elga — gg|o] > 0 for some signal o € ¥. Then, the total welfare for a given signal o is

given by

TW (o) = /él 0E[qa|o]dd + /Oé 0E[gp|o]db — g ((1 — ) + é2>
= %E[QBM + /é1 0Aqdo — g ((1 —0)% + é2) (78)

where 6 solves equation (73). If instead Ag < 0, then
1 0 c . .
TW (o) = / OE[qp|o]do +/ OElaalolde — & (1 0)2 +6°)
0 0

- %E[QBIU] + /Oé 0Aqdf — g ((1 —0)* + éZ) . (79)

We define the function

iy S0-8-5(a-02+8), it Ag>0, 50
q) = A N A
%92_g<(1—0)2+02), if Ag < 0.

It follows that an experiment maximizes E[T'W ()] if and only if it maximizes E[H (Aq)]
(subject to the same Bayes’ plausibility constraints). As for consumer surplus, we have

that an experiment maximizes E[TW (c)] if and only if it maximizes E[H(Aq) — II(Aq)].
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Figure C.2: Functions H(-) (left panel) and H(-) —II(-) (right panel) in Ag, C(x) = x?/2

Proposition C.2. Suppose that 0 ~ U|0,1] and that firms have symmetric and convex

—c
-2

the quality differential qa — qp is fully revealed.

production costs given by C(x) 22, with ¢ > 0. Then, total welfare is maximized when

Proof. It is straightforward to show that the function H is strictly convex in Agq. By

Jensen’s inequality, total welfare is maximized by the fully informative experiment. [

Proposition C.3. Suppose that 0 ~ UJ0,1] and that firms have symmetric and convex
production costs given by C(x) = Sa?, with ¢ > 0. Then, consumer surplus is always
maximized by a rank-preserving experiment.

Specifically, if firm 1’s prior expected quality is greater than that of firm j, then the
optimal experiment is a censorship experiment: there exists a quality gap differential § > 0
such that all states with ¢; — q; > S are fully revealed, and all other states are pooled into
a single signal inducing symmetric quality beliefs. If instead the prior expected quality gap
is zero (that is, the two firms are ex ante symmetric), then consumer surplus is mazximized

by the uninformative experiment.

Proof. It is straightforward to verify that the function v(-) = H(-) — II() is continuous
and single-peaked in the posterior expected quality gap Ag. Moreover, v(+) is convex and
increasing for Ag < 0, convex and decreasing for Ag > 0, and attains its maximum at
Aq = 0 (see the right panel of Figure C.2).

Denote by 6¢ the prior expected quality gap, §¢ = Eys[0], where § = g4 — gp. If the
prior mean of the quality gap is zero, 6° = 0, then Eg[v(Agq)] is maximized at the prior,
G = X°, implying that the uninformative experiment maximizes consumer surplus.

Suppose that the prior mean is negative, 6¢ < 0. To construct the optimal experiment,
we use the approach outlined in Section C.1. We first construct an experiment and then
verify its optimality using the price-function approach. We proceed constructively and
define an upper censorship experiment that reveals the most negative realizations of the

quality gap and pools all quality gap realizations above a cutoff into one signal, inducing
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a posterior belief of zero for the quality gap. Then, we state the corresponding price
function and verify its optimality using Lemma 4.

We denote Sy = >0, A(6;)0; and P, = Y7, A2(8;). Since S; = Eys[d] = 6° < 0 and
Sm > 0, there exists a smallest index k € {2,...,m} such that S, > 0. By construction,
Sk_1 < 0, implying d,_; < 0 and we can define

— S

a = m S [0, 1] (81)

derived from aX(8;_1)0x_1 + Sk = 0. Consider the following experiment:
e For each ¢; with i < k — 2, fully reveal 9;.

e For the boundary state d;_1, send the pooling signal ¢? with probability a and fully
reveal 0y, with probability 1 — a.

e For each §; with ¢ > k, send the pooling signal o”.

Note first that the posterior mean after observing the pooling signal ¢ is by construc-
tion equal to zero. For any other signal, the state is fully revealed. Moreover, Bayes’
plausibility is satisfied by construction.

Consider the slope

and define the price function p : D — R by

v(x), for x < 0
p(r) = (83)
v(0g—1) + s (x —0_1), for x> dp_q.

Note that the function p coincides with a strictly convex function up to dx_; and is linear
for x > d,_1. Since the linear part of p coincides with the secant line of the convex
function v over the interval [0_1,0], it follows that p is convex. Furthermore, p > v on
the support. Hence, p is a feasible price function.

To verify the optimality of the constructed experiment, note that the support of
posterior quality gaps under the proposed experiment is {01, -+ ,dx_1} U {0}. States
{61, ,0k_1} are fully revealed and, by construction, p coincides with v on [dy, dg_1]-
For the zero posterior gap, we also have that p(0) = v(0), since p coincides with the
secant line of v connecting dx—; and 0. Thus, condition (Contact) holds. To see that
condition (Linearity) holds, note that for fully revealed signals, Jensen’s inequality must
bind as the support is a singleton. In the pooling region, [0_1,d,,], the price function

is linear, and hence, Jensen’s inequality binds too. Thus, the price function corresponds
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to an optimal experiment, implying that the constructed upper censorship experiment
maximizes Eq[H(Aq) — II(Aq)| and therefore maximizes consumer surplus.
The analogous reasoning applies when the prior quality gap is strictly positive and

delivers lower-censorship for the optimal experiment. O]

C.3 Asymmetric Production Costs

Consider the case in which firms have asymmetric but constant marginal costs c4 and cg.
Without loss of generality, assume that Ac =cy — cg > 0.

We begin by solving the pricing stage game. Consider any experiment £ and a public
signal realization o € ¥. Suppose first that Ag; ; = E[¢; — ¢j|o] > 0 and that there exists
an indifferent consumer 6 = (pj — pi)/Agij, with 0 e (0,1). Then, the profit functions of

firms ¢ and j are respectively given by:

mi(pi, pslo) = (pi — c:)(1 — F(B)), (84)
i(pj,pilo) = (p; — ¢;) F(0). (85)

Solving the first-order conditions of firms ¢ and j, we obtain

= e 1_—F(é)A.. 36
pi=ci+ @ Gi.j (86)

and (A)
F(0

i = ¢+ —=-Agi ;. 87

pj=c @ q (87)

Plugging these two equations back into the expression for é, we have:

é_]-_2F(é)_cz_C]

- = : (88)
£(0) AGi,
With a slight abuse of notation, define Aq = Aqa g = E[ga — gg|o]. Since
Cqa —CRB Cp — Ca
= , 89
AC]A,B AQB,A ( )
it follows that, for Ag > 0 and Aqg < 0, the indifferent type 0 satisfies
- 1-2F@) A
g1z Ac (90)

fO)  Ad
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The corresponding industry profit is given by

1— F(0))?+ F*(0)
f(0)

Note that there exists an indifferent consumer whenever the quality difference is suffi-

ciently large, i.e., whenever Ag < —Ac or Ag > Ac/2. If instead Agq € (—Ac, Ac/2), then
all consumers strictly prefer to buy from the more efficient firm (firm B). If Ag € (—Ac, 0],

(Ag) = ¢ Agl. (01)

then firms set prices p% = pj; = ca and all consumers buy from firm B. If instead
Aq € (0,Ac/2), then firm A sets p% = c4 and firm B sets pj; = ¢4 — Aq and serves all
consumers.

Restricting attention to a uniform distribution of consumer tastes, § ~ UJ0, 1], we

obtain L 1A
A c
0=—-+-——. 92
3 + 3 Aq (92)
The industry profit in turn is given by
Ac, if Ag € (—Ac,0],
II(Aq) = § Ac— Agq, if Age€(0,Ac/2], (93)

((1—6)+6%)|Aq], otherwise.

Then, it is straightforward to show that the industry profit function II is convex on [d;, 0]
and on [0, d,,]. The non-convexity in industry profits arises due to the downward kink
at Ag = 0.1 Figure C.1 plots industry profits (solid line) as a function of the quality
difference.

The industry-profit-maximizing information design problem takes the standard one-

dimensional form:

sup  Eg[II(Ag)], (94)
GEMPC()\%)

where X% denotes the prior distribution of the quality differences, and G is the induced

distribution of posterior expectations of Ag (i.e., G is a mean preserving contraction of

29).

Proposition C.1. Suppose that § ~ UJ[0,1] and firms have asymmetric but constant
marginal costs ca and cg and Ac = cy —cp > 0. Then, industry profits are maximized by
an experiment that pools quality gap realizations in some interval [§',0"], where § <0 <

0", and fully reveals all realizations outside this interval.

Proof. First, recall that industry profits are convex on [d1, 0] and on [0, §,,,]. Second, recall

that the non-convexity in industry profits derives from the downward kink at Ag = 0. It

4Note that the profit function is initially decreasing for Aq > Ac/2 and turns increasing eventually.
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—Ac 0 Ac/2

Figure C.1: Total Industry Profit II1(Agq)

follows from Dworczak and Martini (2019) that on any open interval on which an optimal
price function p lies strictly above the objective function, that price function must be
affine.

To show that a pooling region including Ag = 0 exists, we assume otherwise, that is,
suppose that p = II on a two-sided neighborhood of zero. Then, p inherits the downward
jump in slope at Aq = 0 from II, contradicting convexity. Thus, we can conclude that
there exists an open interval (¢, 6”) with p > II for all Ag € (§,¢”) and 0 € [0, "].

Next, we show that there cannot be another pooling interval. Suppose otherwise, that
is, that there is another interval (&,0”) € D with affine price function p and p > II. As
0 € [6",8"], it follows that (8’,0") C (—o0,0) or (¢§',8") C (0,00). However, we know that
IT is convex on each of these regions. Hence, we can construct (weak) improvements of
the dual objective by choosing a modified feasible price function with p(Aq) = II(¢g) on
[0/,0"] and p(Aq) = p(Aq) otherwise.

Thus, the optimal price function is affine on a single interval [§,§"]. As any pooling
signal must place support only on the affine region of the price function, it follows that
any non-degenerate posterior must lie in [0’,”]. Condition (Linearity) forces in strictly
convex regions with p = II fully revealing signals and on affine regions with p = II satisfy
condition (Linearity) as well. Hence, states outside [0, §"] can be fully revealed. All pooled

states therefore lie in the interval [¢’, §"], possibly with boundary randomization. O

The proposition shows that industry profits are maximized by an experiment that
reveals the quality difference for sufficiently large quality differentiation |g4 — gp| relative
to the cost difference Ac, and pools intermediate states. Moreover, the pooling interval
shrinks to a single point at zero as Ac — 0.

The two differences from our baseline result are economically intuitive. First, pooling
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states in which the cost asymmetry dominates arise because they relax the fierce competi-
tion that obtains when quality differences are not large enough to overcome the efficiency
advantage. Specifically, it pools states in which consumers believe that the low-cost firm
has a small to moderate quality advantage together with those in which the low-cost firm
provides a moderately lower-quality good. By doing so, the higher-cost firm will not com-
pete as fiercely while still not serving any competitors, which it otherwise would in the
region with Ac/2 > g4 — qg > 0.

Second, industry profits are maximized not simply by revealing the rank order of firm
qualities, but by fully revealing the intensity of the quality difference. This is due to the
improvement of allocative efficiency and increased opportunity for rent extraction in the

presence of asymmetric costs.

Consumer-optimal experiment. Let TW (o) denote the total welfare for a public
signal realization o € ¥. Suppose first that Ag € (—Ac, Ac/2]. Then, all consumers buy
from firm B and the realized total welfare is TW (o) = E[fgp — cg] = % — cp. If instead
Aq ¢ (—Ac, Ac/2], then some consumers buy from firm A and some consumers buy from

firm B. The resulting total welfare is given by

Elgslo]/2 — ¢B, if Aqge (—Ac,Ac/2],
TW (o) = { Elgslo]/2 — cs + E[0Aq — Acl0 > 0],  if Ag> Ac/2, (95)
Elgslo]/2 — ¢ + E[0Aq — Acl < 6], if Ag < -—Ac.
We define
0, if Ag € (—Ac,Ac/2],
H(Aq) =S E[0Aq— Al > 6], if Ag> Ac/2, (96)
E[0Aq — Aclf < 4], if Ag < -—Ac.
Since TW (o) = E[gg|o]/2 — cg + H(Aq), the law of iterated expectations implies that an
experiment maximizes E[C'S(o)] if and only if it maximizes E[H (Aq) —II(Ag)], where, in
the latter expression, expectations are taken over Aq. Therefore, the consumer-surplus-
maximizing information design problem takes the standard one-dimensional form.

Taking expectations in the expression for H(Aq) with respect to the taste parameter
6, which is uniformly distributed on UJ0, 1], yields:

0, if Ag € (—Ac, Ac/2],
H(Aq) = § A¢Z — (1—0)Ae,  if Ag > Ac/2, (97)
AgZ — A, if Ag < —Ac.

Figure C.2 plots function H(-) — II(-) as a function of Agq.
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Figure C.2: Function H(Aq) — II(Agq)

Denote by §¢ the prior expected quality gap, 6¢ = Eys[ga — ¢5].

Proposition C.2. Suppose that 6 ~ UJ0,1] and firms have asymmetric but constant
marginal costs cy and cg and Ac = cq — cg > 0. The consumer-optimal experiment has

the following features:

(i) If the high-cost firm’s expected quality advantage under the prior is equal to half
the cost difference, that is, if §¢ = Ac/2, consumer surplus is maximized by the

uninformative experiment.

(i) If the high-cost firm’s expected quality advantage under the prior is greater than
half the cost difference, that is, if 6¢ > Ac/2, consumer surplus is maximized by a

rank-preserving lower censorship experiment.

(#i) If the high-cost firm’s expected quality disadvantage under the prior is greater than
the cost difference, that is, if 0 < —Ac, consumer surplus is maximized by a rank-

preserving upper censorship experiment.

Proof. The objective function H(Aq) — II(Aq) is continuous and single-peaked in Ag:
it is strictly convex and increasing on [0, —Ac), constant on the interval [—Ac, 0], lin-
early increasing on [0, Ac/2], and convex and decreasing on the interval [Ac/2,6,,]. The
objective attains its maximum at Aqg = Ac/2 (see Figure C.2).

If the prior mean ¢ equals Ac/2, then Eq[H (Aq) — II(Aq)] is maximized at the prior,
i.e., G = \0. It follows that the uninformative experiment is optimal, establishing part
(i).

Parts (ii) and (iii) follow from the same reasoning as the proof of Proposition C.3, since

the prior mean ¢ lies in a strictly convex region of the objective function H(-) — II(-).

]
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If the prior mean is greater than Ac/2, then applying the duality theorem of Dwor-
czak and Martini (2019), we have that H(Aq) —1II(Aq) is maximized by a rank-preserving
lower-censorship experiment, i.e., there exists some cutoff Ag¢* > 0, such that the opti-
mal experiment reveals states above Ag* and pools the states below Ag*, such that the
expected posterior mean in the pooling interval equals the value of the function Ac/2.
Similarly, if the prior mean is below —Ac, then a rank-preserving upper-censorship ex-
periment maximizes consumer surplus. If the prior mean belongs to [—Ac, Ac/2], then
the optimal experiment is more involved and takes one of the following forms. First, it
may bi-pool the entire state space of quality gaps, inducing a posterior—mean distribu-
tion supported on the two points {—Ac, Ac/2} (see Arieli et al. (2023) for the details of
optimal persuasion via bi-pooling). In Figure C.2, the dashed line represents the price
function of an optimal bi-pooling distribution that is tangential to H(Aq) — II(Aq) at
points —Ac and Ac/2. Alternatively, the sender may choose an experiment that pools all
sufficiently low states together, pools all sufficiently high states together, and fully reveals

the intermediate range of states.

D Non-multiplicative Utility Functions

In this extension, we suppose that the type 6 is distributed according to F' with support
[0, 1]. Suppose that the utility function of consumers is given by u = u(6, q¢). We assume
that u € C! in ¢ and 0, u}(6,q) > 0 and uy(6,q) > 0. We also assume that the single-

d2u
000q

monotonicity of the marginal consumer.

crossing condition holds, i.e., that > (. This ensures existence, uniqueness, and
Suppose first that g4 > ¢g and define Ap = py — pg. The marginal consumer type

solves

~ ~

u(,qa) — u(®, q5) = Ap. (98)

The first-order conditions of both firms are, respectively, given by

St
? ((g; _ _de%. (100)

Since d% = d(dTém = —dz%, we obtain that
pp= IO NS _ 1=200) 45,0, 15,0 (101)

O £6)

37



The equation determining the marginal consumer’s type is

~

A A 1—2F(0 A A
00,0 (0, 0) = =2 046, 02) = 0.5) (102)
Rearranging, we obtain
f(é) - ull(e} QA> — ull(AAa QB) . (103)
Under uncertainty about (g4, ¢g), this equation instead takes the following form,

where o is a realized public signal of some experiment £. The following proposition
characterizes the necessary and sufficient conditions under which 0 is independent of the
information structure. Specifically, we show that this is the case if and only if the utility

function is linear in quality, up to a monotone transformation of quality.

Proposition D.1. The marginal consumer’s type 6 is independent of the information

structure (and a realized signal) if and only if there exist functions a(-) > 0, a’ > 0 and
b(-) such that,
u(0,q) = a(f)q + b(0).

Proof. Ifd is independent of the information structure, then it can be obtained by solving

the subgame in which the experiment is fully revealing. The corresponding equation is:

~

F0)  ui(d,qa) ,B)
1—2F(0) u(f,qa

— (0
) - u(@, QB)
This equation holds true for ay ¢4 # gg. Note that the marginal consumer’s type does

not depend on qa, ¢g, qa # ¢g, if and only if there exist function h(6) such that
uy (6, qa) = h(O)u(b, ga) = uy (0, q) — h(O)u(®, ¢5).

Since this must be true for any g4 and gp, we have that there exists a function () such
that

ui (0, q) — h(0)u(0, q) = ().
In the following, we solve this ODE. Define u(0) = exp (— ffo h(T)dT). Then,

d%(ﬂ(@)uw, q)) = p(0)u (0, ) — pn(0)h(O)u(®, q) = p(6)t(0).
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Integrating both sides from 6, to €, we obtain:

(0.0) = [utouttna) + [ utritras]| fuo)

We conclude that the marginal consumer’s type does not depend on ¢4, ¢p if and only if
u(,q) = a(f)v(q) + b(0). By relabeling of qualities § = v(q), we obtain the result of the
proposition.

O
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