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1 Introduction

In many markets, potential consumers only have partial information about the
product they are considering buying. Information provision therefore plays a
central role in shaping trade outcomes: as consumers learn more, they make better
purchasing decisions, directly affecting welfare. When such learning occurs at
scale, it alters the structure of market demand, prompting the seller to adjust their
prices. Nowadays, online platforms are an important source of information to
consumers. By analyzing data from past interactions, browsing histories, and
consumer characteristics, platforms can provide information not available else-
where. Through personalized recommendations and targeted advertising, they
influence consumers’ beliefs and, ultimately, market outcomes. Yet, platforms are
rarely the sole source of information. Instead, consumers typically already have
some understanding of their own preferences when engaging with the platform.
This information may result from consulting independent online reviews and
learning from prior purchases, etc. In addition, platforms often hold information
not just about consumers’ preferences but also about what consumers already
know. Equipped with such knowledge, platforms are able to engage in targeted
information design by tailoring information provision to consumers’ knowledge
outside their control. A natural question is then how platforms engage in such
targeting and —more generally— how they provide information in the presence
of outside information. While there is an extensive literature investigating how
information provision shapes market outcomes, it is standard within this literature
to focus on information designers with full control. The designer can decide on
any level of information provision ranging from no to full information, implying
that the designer is the only source of information to consumers. Instead, I allow

consumers to arrive at the market partially informed.

In my model one seller sells a good to consumers through a platform. The
consumer is partially informed, but still uncertain about their preferences for the
offered product. The platform decides how to provide additional information to
the consumer by committing to a policy that determines how consumers receive
information conditional on their true valuations and on outside information. Prices
are set by the seller. The seller knows how information is provided to consumers

but cannot condition prices on the realized recommendations. In this context,



I study how a platform should provide information to consumers. I consider
different objectives for the platform including seller profit and consumer surplus

maximization and ask how total welfare changes with the platform’s objective.

Allowing for the possibility of outside information, however, raises a few
methodological challenges. In particular, accounting for this important feature of
the environment cannot be modeled as a mere relabeling of the state space. It is not
enough to treat consumer valuation and outside information as a new state and
then apply standard techniques since this overlooks the structure of the problem.
In my setting, the platform observes the consumer’s realized outside information,
whereas the seller does not. This asymmetry links the information design problems
across consumers with different outside information: the platform maximizes over
the overall induced demand function rather than solving separate information
design problems for each consumer type.

In principle, this requires solving an optimization problem with a potentially
infinite-dimensional constraint—each posterior under outside information must be
more informative after the platform’s disclosure. Building on Ennuschat (2025)!, T
simplify this problem under an assumption on the structure of outside information
that ensures posteriors are ordered and non-intersecting. Under this condition,
the platform’s problem can be reformulated as an optimization over the induced

demand function.

With this, I study the platform’s optimal disclosure rule for different objectives. A
platform aiming to maximize revenue will design information that makes demand
inelastic across a wide range of valuations, enabling the seller to extract more
surplus. By contrast, a platform maximizing consumer surplus induces demand
that is unit-elastic over some range of valuations, leaving the seller indifferent
among multiple prices. This parallels Roesler and Szentes (2017), who characterize
buyer-optimal information when no outside information exists. They focus on
buyer-optimal disclosure because, absent outside information, the seller extracts
all surplus without any revelation. Then, along the Pareto frontier, the design of
information only governs the distribution of welfare but not its level.

When outside information is present, however, efficiency varies along the Pareto

frontier; moving toward the seller-optimal outcome reduces total welfare. Because
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outside information alters the set of feasible demand functions that the platform
can induce—rather than merely relabeling the state space—the resulting welfare
implications cannot be replicated by a simple redefinition of the state. Accounting
for such information qualitatively alters the insights obtained in information-design
problems.

To understand this misalignment of total surplus and profits, take the extreme
objective where the platform maximizes the seller’s profit. For each possible price,
consider the maximum quantity demanded the platform can generate through
disclosure. Then disclosure reveals additional information to consumers who,
based solely on their outside information, would choose not to buy. As the
price rises, this maximal demand necessarily falls, since convincing consumers
to purchase by revealing information becomes harder. But the seller still benefits
from higher prices if the resulting revenue gain outweighs the loss in demand.
Yet, the reduction in trade means that some mutually beneficial transactions no
longer occur, leading to lower efficiency. Models studying market segmentation,
which can be thought of as information revelation to the seller instead of the buyer,
emphasize that consumer-optimal segmentation does not need to come at a cost of
efficiency (Bergemann et al., 2015; Haghpanah and Siegel, 2023; Bergemann et al.,
2025a). However, under outside information and when information is revealed to
consumers, I establish alignment in a stronger sense: total surplus decreases as we

move from consumer-optimal disclosure toward seller-optimal disclosure.

The increasing importance of data as an economic resource has renewed interest
in the effects of information provision on market outcomes. A plethora of papers
investigates this question under different assumptions on the market structure and
varies which side of the market receives information (Roesler and Szentes, 2017;
Bergemann et al., 2015; Haghpanah and Siegel, 2023; Ravid et al., 2022; Bergemann
et al.,, 2025a; Armstrong and Zhou, 2022; Elliot et al., 2025). A maintained
assumption of these papers is that information is only provided by a single source.
Results allowing for privately informed receivers are more sparse and often need
additional assumptions on the environment to ensure tractability (Kolotilin et al.,
2017; Guo and Shmaya, 2019; Candogan and Strack, 2023; Guo et al., 2025).

With respect to the literature, this paper makes three points. Instead of consid-
ering full-control information design, it introduces an information environment

in which consumers hold outside information that the platform can observe but



does not control. This setting reflects digital markets, where reviews or browsing
histories are public and platforms retain the ability to condition disclosure on them.
Second, it shows that allowing for outside information reveals a misalignment of
total surplus and profit maximization. Third, it applies methodological insights
from Ennuschat (2025)? to an economically relevant environment demonstrating
how these methods yield tractable welfare comparisons when outside information

shapes the feasible set of demand functions.

The remainder of this paper proceeds as follows. Section 2 introduces the model.
In Section 3, I characterize seller- and buyer-optimal learning, as well as the set of
welfare outcomes. I also consider environments where outside information is not
monotone non-overlapping and show that the relaxed program characterizes a
robust version of the welfare set in general environments. Section 4 reviews the

literature and Section 5 concludes.

2 Model

I consider a simple model of trade intermediated by a platform where a single
buyer and seller interact through a platform. The buyer’s valuation for the offered
good is uncertain and imperfectly known to her. Before purchasing, the buyer
receives additional information from the platform, which strategically decides
how much information to provide. The seller produces at zero marginal cost
and chooses a price after observing how the platform provides information to

consumers.

Buyer’s Purchasing Problem The buyer (she) is risk-neutral with valuation
v € V =[0,1] where v ~ Fy. She is partially informed of her valuation. Her
outside information is represented by the signalling structure S° = (5©,¢9)
where ¢ : V — A(S?) is a mapping from valuations into (possibly random)
signal realisations. A signalling structure S© can equivalently be described by
the distribution over posterior beliefs T¥ € A(A(V)) it induces (Blackwell, 1953;
Terstiege and Wasser, 2023). A posterior g© € A(V) describes the probability the
agent attaches to different valuations after seeing the signal realisation s°. Then
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each signal realisation s© € SO induces a posterior g© and the probability of each
posterior is given by the probability of the signal realisation that induces it.> Due
to risk-neutrality, the buyer’s purchasing decision only depends on the mean of
her posterior q©, denoted by E,-40(v) = pgo. The probability distribution over
posteriors, 79, induces a distribution over those posterior means, GO € A(V).

I impose the following assumption on the outside information:

Assumption 1. Outside information is minimal: S© is the unique least informative
signalling structure inducing the posterior mean distribution GO. Equivalently S© is a
garbling of any S©’ that also induces G©.*

When outside information is minimal, any other signalling structure that induces
the same law of posterior means is Blackwell more informative. Such a non-minimal
structure conveys extra detail beyond the posterior mean which is payoff-irrelevant
to the buyer. Intuitively, you can think of minimal outside information as a “mean-
only" signalling structure: it reveals the posterior mean, the buyer’s payoff-relevant
statistic, and nothing else.

To build better understanding of what minimality entails the following provides
an equivalent geometric characterization in terms of distribution of posteriors t
that will be used later one (Ennuschat, 2025).

Definition 1 (Monotone Non-Overlapping Experiment). An experiment is monotone
non-overlapping if

i) T is convex: for all q € supp(t) we have that v € supp(q) whenever v €
co(supp(q))’ forallv € V

ii) T is non-overlapping: for all q,q" € supp(t) such that q # q" we have that
supp(q) Nsupp(q’) € ext(q) Next(q’)

where ext(q) = {min(supp(q)), max(supp(q))}

3Blackwell (1953) shows the equivalence for finite state spaces and Terstiege and Wasser (2023)
show this continues to hold for infinite state spaces.
*A signalling structure S’ is a garbling of S , if there exists a Markov kernel y : S — A(S’)

0'(A] w) = / Y(Als)a(ds | w), for every measurable A C S’
s€S

5Let co(A) denote the convex hull of the set A.



A signalling structure corresponds to a monotone non-overlapping experiment
if (7) the support of each posterior is convex and (ii) whenever the buyer attaches
positive probability to some valuation under multiple posterior, the valuation
must always be either the highest or lowest valuation the buyer conceives of. Two
important special cases are (i) when valuations are binary (then any signalling
structure is monotone non-overlapping) and (ii) when outside information is
monotone partitional.® Monotone partitional signalling structures are commonly
encountered in the literature (Onuchic and Ray, 2023; Mensch, 2021; Ivanov, 2021).
They are practical, easy to implement and optimal in many information design
problems (Kolotilin et al., 2024; Dworczak and Martini, 2019). This kind of coarse,
tiered information is natural in many settings. Consider a good that comes in a base
specification and has tiered add-ons, meaning that a premium product will have all
features a plus product has. A monotone partitional signalling structure then tells

the buyer whether the good comes in "base", "plus" or "premium" specification.

Platform’s Information Policy The platform (it) intermediates trade by providing
information to the buyer. It can condition her information policy on the valuation

7 as well as the realised outside information s©. Notice that when outside

v
information is monotone partitional, the second requirement becomes redundant:
by knowing the buyer’s valuation the platform knows the signal realisation.

Formally, the platform chooses a signalling structure:
SP =(SP,6P) where 6P : V x S° — A(SP)

In words, o maps valuations and signal realisations under outside information
into (possibly random) messages. As before this can equivalently be described by
the distribution over posterior beliefs 2 € A(A(V)). Let tgp0 denote the mean of
posterior gP and let GP € A(V) denote the induced posterior mean distribution.
A platform designing information cannot freely induce any distribution 7P.
Instead, it is constrained by the existence of outside information as well as her own

knowledge: the buyer must be at least as informed as they were under outside

®Qutside information is monotone partitional whenever 3P : [0,1] — [0,1] where P is weakly
increasing and we have that s°(v) = s9(v’) whenever P(v) = P(v’) while s°(v) # s°(v’) if
P(v) # P(v").

"The analysis would equally go through when the platform can provide more accurate information
at every posterior under outside information.



information and at most fully informed.

By Blackwell’s Theorem, a signal structure SP is more informative than a signal
structure SO iff the distribution of posterior beliefs 7" is a mean-preserving spread
of the distribution of posterior beliefs 7°.8 On the other extreme, the platform can
at most fully reveal what she knows about the buyers’ valuation. Let F 8 denote the
distribution over degenerate beliefs induced by full revelation. A signal structure
SP is less informative than full information iff Fg is a mean-preserving spread of
P,

These two feasibility constraints can be understood as follows. Think of outside

information 7©

as a two-stage lottery, where the first stage describes the probabili-
ties of different posteriors and the second stage describes the probabilities attached
to different valuations under the respective posterior. Additional revelation by
the platform splits each posterior §°—the second stage lottery— into multiple
new posteriors. We now have a three-stage lottery where the compound lottery of
second and third stage need to correspond to g°. This is exactly what imposing
that 0 is a mean-preserving spread of t° requires. Conversely, we can think of
providing less information as collapsing multiple posteriors into one: if 7 is less

informative than full revelation, Fg is a mean-preserving spread of "

The platform’s objective is to maximize some function of expected consumer
surplus and profits f(nr, CS) through the choice of a distribution over posteriors
7P under the constraint that 7 can be induced by some information policy. The
platform’s program is then given by :

max f(m, CS) s.t Fg > P > 0
7D MPS MPS

where > denotes the partial order of mean preserving spreads.

MPS

Seller’s Price Setting Problem The seller (he) sets prices.” When choosing prices
the seller knows the signalling structures S© and SP but does not observe its
signal realisations s and sP. In other words he only knows how information is

provided to the buyer but not what is learned. Consequently, the seller optimizes

8A distribution of posterior beliefs T2 € A(A(V)) is a mean-preserving spread of another
distribution 7€ € A(A(V)) if there exist € A(V)-valued random variables g, g© such that (i)
qP ~ 7P and q© ~ 7° and (ii) E(g° | 4°) = 4°

Notice that in this setting it will be without loss to focus on price posting as a mechanism.
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Figure 1: Sellers Optimal Price Setting Strategy

This figure demonstrates the seller’s best-response when GP is a uniform distribution over [0, 1]. The seller
would set price of 0.5 and demand would be 0.5 leading to profits of 0.25.

with respect to the expected demand of the buyer, given by all buyers whose
expected valuation (post-learning) weakly exceeds the price:

D(GP,p) = (1-GP(p)) + A(GP, p)

where A(GP,p) denotes any potential mass of GP at p. The seller maximizes
profits:

,G) = 1-G(p) +A(G,
max mlp, G) = max (1-G (p) +A(G,p))p
When multiple prices maximize profits, ties are broken in favor of the buyer: the

seller chooses the lowest profit-maximizing price. Let
p*(G) = minarg max n(p, G)
pel0,1]

denote this selected price. To visualize the seller’s maximization problem, consider
isoprofit curves, describing all combinations of prices and demand that lead to the
same level of profits, plotted as dashed red lines in Figure 1. For smooth demand
functions, the seller sets a price so that the demand function is tangential to the
highest isoprofit curve.

The right hand side illustrates how we can express the same logic in terms of



CDF’s of posterior mean distributions— a 90° degree rotation of the left panel.
The red arrow indicates the direction in which profits increase: demand rises
downward, price rightward. For a smooth CDF, the seller sets a price where the
furthest south-east isoprofit curve is tangential to the CDF of posterior means GP.

This visually corresponds to maximizing profits.

Thus, the pricing decision of the seller depends on the shape of the posterior
mean CDF induced by the platform’s information policy. With this, we can turn to
understand ow the platform leverages its ability to shape demand.

3 Results

This section develops the welfare and pricing implications of information provision
by the platform. To do so, I start by introducing a relaxed version of the platform’s
optimization program to provide a tractable benchmark. I show that this relaxation
is without loss under maintained assumptions. Using this relaxation, I turn
to characterizing buyer- and seller-optimal information policies and connect
these results to the induced demand elasticities. I then characterize the set of
welfare outcomes and show that total surplus varies monotonically along the
Pareto frontier and is lowest under seller optimal information policy. The section
concludes by showing how the obtained results continue to be useful even when
outside information is not monotone non-overlapping: the relaxed program then

characterizes a robust version of the welfare set.

Posterior Mean Reformulation

The platform’s problem requires solving a maximization problem under mean-
preserving spread constraints on the distribution over posteriors, making the
constraint set analytically cumbersome to work with. To make the problem
tractable, I consider a relaxed program that represents these constraints in terms
of the induced distributions of posterior means. This relaxation is motivated by
the fact that only the posterior means are payoff-relevant in my setting. Exactness

of this reformulation is ensured under the maintained assumption that outside
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information is monotone non-overlapping as will be discussed shortly.

Original Program:
max f(n,CS) s.t Fg > P > 0
tPeA(A(V)) MPS MPS
The platform chooses a distribution over posteriors, 7P, that is less informative
than full information but more informative than outside information. In the
relaxed program the platform instead chooses the posterior mean distribution GP
that lies between the posterior mean distribution associated to outside information

and the prior in the mean-preserving spread order:

Relaxed Program:
rréanf(n, CS) s.t Fy szs GP szs G°
The reason this is a relaxed program is that 72 being a mean-preserving spread
of 79 implies the same ordering between their posterior mean distributions, but
the converse does not generally hold.!’ The following result formalizes that the
mean-preserving-spread relation between posterior distributions implies the same
ordering between their induced posterior-mean distributions.

Proposition 1. If T > 1’ then G; > Gy.
S

MP MPS

Proof. This result is standard but included for completeness see Appendix. v O

Hence, any feasible 2 under the original program yields a feasible GP under
the relaxed one. However, the reverse direction does not always hold.

Representing information structures by their induced distributions of posterior
means is standard in information-design problems without outside information
(e.g., Kolotilin, 2018; Gentzkow and Kamenica, 2016). When considering the
relaxed program, we are relaxing two constraints. Relaxing the constraint that
the platform can at most fully reveal the valuation continues to be without loss
here for the same reasons that appeared in the literature.!! By contrast, relaxing

the constraint coming from outside information can fail in general, but is valid

197 thank Gabriel Carroll for providing an example that illustrates this point.
1This is shown formally in Lemma 4.
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Figure 2: Illustration of Example 1

The signalling structures illustrated above induce the same posterior mean distribution as an uninformative
signal. Thus signalling structures that are ranked by informativeness can induce the same posterior mean
distribution.

under the maintained assumption that outside information is monotone non-
overlapping. Under this assumption, any posterior mean distribution satisfying
the mean-preserving spread constraint has a corresponding distribution over
posteriors that also does (Ennuschat, 2025).

Formally,

Proposition 2. Let 1 be monotone non overlapping, and let Go be the posterior mean
distribution induced by ©°. Take G such that Fy > G > Gqo. Then there exists T

MPS MPS
such that ©° > 1°and G.p = G.

MPS
To illustrate why the relaxation can fail without the monotone-non-overlapping

assumption, consider the following example:

Example 1. Let v be distributed uniformly over the unit interval. Suppose there is no
outside information. The associated distribution over posteriors T puts probability 1 on
a posterior corresponding to the prior and the posterior mean GN is degenerate at 1/2.
Now introduce outside information and consider the following signalling structure S©
for outside information: The buyer learns whether her valuation lies in [0, %) U [%, 1], in
[%, %) U [%, %) orin [%, %). Figure 2 illustrates the posteriors g© and the posterior mean
distribution GO this induces.
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Notice that although the buyer is partially informed, the posterior mean distribution
coincides with the posterior mean distribution of a completely uninformed buyer, the
platform’s ability to shift the buyer’s beliefs differs. To see this, suppose the platform
wanted to induce a posterior mean distribution that assigns probability one half to (%
and 3) each. When facing uninformed buyers the signalling structure inducing this is
straightforward: Tell the buyer when her valuation is below or above the mean. Under the

outside information described above, it is not possible to induce the target posterior mean
35
88
form must remain within this interval, but the target posterior mean distribution is only

distribution: Take a buyer who knows their valuation lies in [3, 3]. Any beliefs she can

outside the support and posteriors cannot have means outside their support.

This illustrates that not all posterior mean distribution satisfying a mean-preserving
spread constraint can be induced through the provision of additional information.

In Ennuschat (2025), I show that outside information is monotone non-overlapping
if and only if every posterior mean distribution G satisfying Fp > G > G can
be induced by providing additional information to the buyer. SinAézs Asg{liinption 1
imposes that outside information is monotone-non overlapping, considering the

relaxed program is without loss in this setting.

Under the relaxed program, the constraints can be restated using stochastic

dominance constraints on the posterior mean distributions:

né%xf(n, CS)

s.t¥x e€[0,1]: /XGD(w)dw > /xGo(w)dw

0 0

X X
/ Fo(w)dw > / GP (w)dw with equality for x =1
0 0
Call G admissible whenever it satisfies the two stochastic dominance constraints
above.

For the remainder of this paper I work with the posterior mean distribution G
directly, unless clearly stated. This will allow a clean characterization of the Pareto
frontier and welfare outcomes.

13



3.1 Pareto Frontier

Building on the previous reformulation, we can turn to analysing the platforms’
information policy. First, I consider a platform that maximizes consumer surplus
while ensuring a certain level of profits to the seller and then ask which such
policy yields the highest overall consumer surplus. To formalize this idea, take
some admissible information policy and consider whether the platform can use
a different information policy that leaves seller profits unchanged but improves
consumer welfare. When maximizing consumer surplus the platform has to
trade-off two effects: For a given price, a better informed buyer makes better
purchasing decisions. Consequently -at a given price- a platform maximizing
consumer surplus would fully reveal what she knows to buyers. Prices are however
not fixed and the seller reacts to the platform’s information provision. Therefore
the platform needs to take the effect of changing information provision on prices
into account. It may provide information so that lower prices become incentive

compatible for the seller.

The following theorem describes how consumer surplus is maximized while
maintaining the seller’s profits. It provides an explicit construction of an admissible,

Pareto-improving posterior-mean distribution GY%:

Theorem 1 (Pareto Frontier). Consider an admissible posterior mean distribution G.
Let 7t = n(p*(é), G). Let
1= lx cx)),

xeX
where X and c(x) are defined below. Define

TC
UE 1-—, <L w<ecy,
— C
Gz (w) = 1 2
1-—, wel,
w

Gow), w>crandw ¢1.

14



where

cle(‘)_(l—C%)

Cr> = min {a) e [, p*(G)] | /Cl Fo(w)dw + (ca — ¢1) (1 — ci) > /CZ Go(w)d(u}
0 2 0
c(x;) c(x;)
c(x;) = min {a) € [x;, 1] / G(UEa);ﬁ)da) = / Go(w)dw}
0 0

Define

ha(w) = GO(w) - (1 - %) w > 0.
Let X consist of all x € (0, 1) satisfying
hz(x) =0, hz(x —t) > 0> hz(x +t) forall sufficiently small t > 0.

Additionally, include 7 in X whenever GO(%t) = 0, and let x; € X. The set X
identifies downward crossings of the outside-information CDF through the isoprofit curve.
Immediately before each crossing, the CDF lies on or above the curve; immediately afterward,
it lies strictly below. These crossings mark the start of regions where leaving outside
information unchanged would permit seller profits above 7t. Then

i) GUYE is admissible,

ii) profits under GYEare the same as under G
et ) -

iii) and consumer surplus under GUE is weakly higher than that under G:

[ o7 (E89) diar= [ o= () a6

where F~ is the generalized quantile function:

Fi(u) = inf{x € R: Fo(x) > u}, uel0,1]

15



Some admissible Pareto-improving information policy

information policy at fixed profits
CDF CDF
Tt CS Tt CS
GD GUE
R P(GD) p R P,«.(GUE)
Q Q

Figure 3: Pareto Frontier

The left-hand side shows an admissible induced CDF of valuations under some information policy. The
right hand side displays the constructed GYE from Proposition 1, which keeps seller profits at 7t but (weakly)
increases consumer surplus.

For any profit level attainable under some admissible information policy, there
exists an alternative policy of the described form that delivers the same profits but
weakly higher consumer surplus. We can compare the alternative policy to the
original one. Figure 3 shows that the Pareto-improving posterior mean distribution
(LHS) leads to lower prices and higher demand than the original posterior mean
distribution (RHS).

The constructed policy GYE can be described by three elements: the prior F,
posterior means under outside information G© and the isoprofit curves of the
seller. Figure 3 illustrates how these elements determine the shape of GUE. At
valuations below ¢, the induced demand function GUYE coincides with the prior
Fo (full revelation). GYE assigns no mass to valuations between c; and cy; that is,
no buyer holds expectations in this interval. For valuations above c», GUE either
coincides with posterior means under outside information or the isoprofit curve
(partial revelation). In equilibrium, the seller best-responds to GUE by setting a
price p = cs.

Partial revelation at valuations above ¢, arises whenever, under outside infor-

16



mation, the seller would have an incentive to deviate to higher prices. The role
of full revelation at the bottom is to encourage the seller to adopt a lower price:
when buyers with very low valuations are revealed, those who do not receive such
a signal rationally infer that their valuation is at least moderate. This inference
makes them more willing to purchase at prices just below the current level. The
larger set of buyers who would buy at these lower prices makes it profitable for
the seller to move the price down to c; while keeping overall profits constant.
Demand therefore rises while profits remain unchanged. With zero marginal costs,
this higher demand increases total surplus, and since profits are fixed, consumer

surplus increases as well.

Buyer-Optimal Information Policy Having characterized Pareto-improving poli-
cies, we now turn to the case in which the platform maximizes consumer surplus
without maintaining any profit constraint for the seller. By Proposition 1, when
maximizing consumer surplus at a given profit level, we can restrict attention to
GUYE without loss. We can therefore also restrict attention to this family when max-
imizing consumer surplus without a profit constraint. The following Proposition

establishes that consumer surplus is highest when profits are minimal.

Proposition 3 (Maximal Consumer Surplus). Consumer surplus is maximized at

min(r) such that GUF is admissible. v

Fixing the level of profits 7 the consumer optimal information policy maximizes
total welfare since consumer surplus is the residual of total surplus and profits. Its
shape is displayed on the left hand side of Figure 4. Within this family, lowering
the exclusion cutoff expands the set of buyers who purchase. Since valuations
are nonnegative and marginal costs are zero, this expansion weakly increases
total surplus. Consider all G € Gy and note that c; increases with the target
profit. Recall that under GYE buyers learn their valuation is below ¢; and will
not purchase at the equilibrium price. Consequently c; is inversely related to
equilibrium demand. Thus, as we decrease profits, the total level of demand
under G € Gur increases and a lower target level of profits increases efficiency.
Consumer surplus is then maximal when profits are minimal. Next, I analyse

what information policymaximizes profits.
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Figure 4: Buyer and Seller Optimal Information Policies

Seller-Optimal Information Policy

At the other extreme of the Pareto-frontier consider an objective where the platform
maximizes profits.

The effects of market power depend on the elasticity of demand, i. e. its sensitivity
to changes in prices. If demand is fully elastic, a monopolist does not ration the
good and prices at marginal costs just like a competitive firm. As elasticity
decreases, markups increase. The platform provides information in a way that
leverages this relationship and exacerbates the effects of market power. If the
platform could choose any demand function it would choose one that is completely
inelastic: The buyer would always purchase the good independently of the price
charged. But no information policy can induce such a demand function since the
information policy needs to be consistent with the prior: a rational buyer that is fed
with consistently biased messages will detect the bias and correct for it. Outside
information tightens this constraint further since information provision cannot
contradict what the buyer already knows to be true.

The platform’s ability to magnify market power is therefore restricted: demand
will have an inelastic region but its size and location are constrained by what the
buyer knows to be true.

The following proposition characterizes properties that any optimal information

policy must satisfy:

Proposition 4 (Seller Optimal Information Policy). Take an admissible GP that
maximizes profits, and let p = p*(GP) be the seller’s selected price. Then:
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i) Atcy = Fy (GP(p™)) the stochastic dominance constraint on Fy binds:
Fs(GP(p))
/ Fo(t) - GP(t)dt =0
0

ii) GP assigns no mass to the subinterval [F(‘)_(GD(p‘)), p)

iii) GP is such that at p the stochastic dominance constraint on G© binds:
p
/ GP(t) - GO(t)dt =0 v
0

Proposition 4 is proven in the Appendix through a sequence of lemmas estab-
lishing the optimal shape of demand for different ranges of v. These lemmas show
that for an information policy that is different from Proposition 1, profits can be
weakly increased by adapting the information policy so that demand remains
the same at higher prices. The proposition gives necessary properties of every
seller-optimal policy. The following corollary identifies a family containing a
seller-optimal policy, so we can restrict attention to this family when maximizing

profits.

Corollary 1. Consider the following family of information policy policies indexed by m:

Folw) if0<w <y
GIE(a);n)z 1—% ifci<w<c

Go(a)) fco<w<1

where the cutoffs c1 and cy satisfy

Tt
FO(Cl) = 1 - Z/
1 1
~ /C1 Fo(w)dw — /Cz GO(w)dw
Chr =C1+ .

1-x&

2

Denote the set of all such distribution functions G'E. Then all G € G'F are admissible and

there is one that maximizes profits.

Figure 4 illustrates the shape of the seller-optimal information policy
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Given the two primitives—the distribution of valuations Fy and the distribu-
tion of expected valuations under outside information G© — the seller-optimal
information policy is characterized by two cutoffs c¢; and c,. For valuations below
c1 ,just as under the buyer optimal information policy, the platform fully reveals
information so that GP coincides with the prior Fy. This ensures consistency with
the prior and provides the flexibility to pool higher valuations in order to increase
demand at higher prices. Between c; and ¢y, GP assigns no mass, again just like
under the buyer optimal information policy, creating a flat segment where demand
is inelastic. For valuations above c; there is no further revelation, so the induced
demand function GP coincides with the distribution of expected valuations under

outside information GO°.

Given this information policy, the seller sets a price p = c;. At this price,
lowering prices slightly does not increase demand, as the flat segment makes
demand unresponsive. Raising prices, on the other hand, sharply reduces demand
because many consumers are exactly indifferent at c;. Hence, the seller has no

profitable local deviation.

To determine the seller-optimal rule, the platform can restrict attention to the
inelastic demand functions in G'F and must therefore only choose the cut-off c;.
Increasing c1 lowers demand but allows the seller to charge higher prices. As the
platform varies the target price and adjusts its information policy, it traces a curve
of attainable price—quantity combinations. At a differentiable interior optimum,
induced quantity has unit elasticity with respect to the target price along this curve.
This differs from the usual unit elasticity of demand under a fixed information
policy: here, the quantity response incorporates the platform’s adjustment of
information. The revenue gain from a higher target price exactly offsets the loss

from lower sales.

By creating a range of inelastic demand, the platform amplifies the seller’s market
power. This structure allows the seller to charge a higher price without losing

many buyers, thereby maximizing profits subject to the informational constraints.

Figure 4 displays consumer and seller optimal information policy policies side
by side. Demand and therefore total surplus is higher under the consumer-optimal
information policy. I next consider how total surplus changes when instead of
optimizing the outcomes of either market side, the platform cares about a weighted

average of the two.
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Welfare Set

Pareto Frontier A platform that optimizes a weighted average of profits and
consumer surplus—rather than focusing exclusively on one side of the market—will
induce an outcome located somewhere along the Pareto frontier. Its exact location
will depend on the assigned weights.

This frontier is characterized by the information policies in Proposition 1: for
each profit level, we select the policy that maximizes consumer surplus. We have
already seen that total surplus is higher under the consumer-optimal information
policy than under the seller-optimal information policy. The following proposition
establishes that total surplus changes monotonically as we shift weight to the
consumer. For each attainable profit level 7, let CS(mt) denote the set of consumer-
surplus levels induced by admissible information policies yielding equilibrium

profit 77, under the model’s price-selection rule.

Proposition 5 (Misalignment of Total Surplus and Profits ). Over attainable profit

levels, max CS(m) + m is weakly decreasing in m.

Figure 5 illustrates this point: total surplus is constant along the dotted 45° lines.
The logic here mirrors that of Proposition 3. Take some target profit level = and let
GYE denote the policy that maximizes consumer surplus given these profits. Now
lower the target profit from 7t to n” < 71, which corresponds to a leftward shift in
the target isoprofit curve. To implement the lower target profit i/, the platform
adjusts its policy so that the seller’s profit pD(GYF, p) does not exceed 7’ at any
price, and equals 1" at the chosen price. The leftward shift makes the isoprofit
easier to attain, allowing the platform to reveal low valuations less frequently. As
fewer consumers learn that their valuation lies below the price, demand increases,
and total surplus does too.

Consequently, as profits decrease, both total and consumer surplus increase
monotonically along the Pareto frontier. Under monotone non-overlapping outside
information, total surplus remains constant over a range of profits and increases
discretely whenever a marginal reduction in profits enables the platform to
persuade an additional mass of low-expectation buyers to purchase at a lower,

incentive-compatible price.

Welfare Set While the previous analysis focused on platforms that maximize a

weighted average of consumer surplus and profits, the platform’s objective need
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Figure 5: Welfare Outcomes

Welfare under outside information is weakly decreasing along the Pareto Frontier; the 45° degree lines
outline constant total surplus levels. The welfare set under no outside information was characterized by
Roesler and Szentes (2017).

not take this specific form. In this section, I characterize the full set of welfare
outcomes that can result from any admissible information policy chosen by the
platform .

Firstly, consider the seller’s profits. In the preceding section, I established that
the consumer-optimal information policy minimizes profits. Consequently, any
profit level the platform can induce must fall within the spectrum bounded by the
seller-optimal outcome (1) and the buyer-optimal outcome (7r). The subsequent
lemma confirms that all such profit levels are indeed achievable through some

information policy.

Lemma 1. For any 1t € [rt, ©| GYE as defined in Theorem 1 is admissible and induces .
v

For producers, this gives us all profit levels that can arise as the result of some
information policy.

To also understand welfare outcomes for consumers, we need to characterize
all levels of consumer surplus that are attainable by some information policy for
a given level of profits. For any profit level, Proposition 3 gives us the maximal
consumer surplus (CS(m)) that some admissible information policy can induce.
The following lemma characterizes minimal consumer surplus (CS(7)) attainable

by some information policy at profits . For this characterization, we depart
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from the baseline tie-breaking rule and assume that the seller selects the highest
profit-maximizing price. Denote this price by

Pmax(c) = maxarg max n(P, G)'
pel0,1]

We write p™** when the information policy is understood.

Lemma 2. Take some m € |1, 7t|. Then minimal consumer surplus CS(m) is attained by

setting the highest incentive compatible price at given profits. At those profits, consumer
surplus is minimized by G € GYF such that

(i) For p™®* we have that

pmax pmax
/ GO (w)dw = / GP(w)dw
0 0

(ii) For F(G((p™*¥)™)) we have that

Fo (G((p™*)7)) Fy (G((p™™)7))
/ GO (w)dw = / Fo(w)dw
0 0

v

Revelation that minimizes consumer surplus at a given level of profits maximizes
the incentive compatible price p™** for the seller and at that price suppresses
consumer surplus to its minimal level-consumer surplus under outside information.
The following lemma establishes that any level of consumer surplus CS € [CS, CS]
can also be induced:

Lemma 3. Any CS(n) € [CS(m), CS(m)] is implementable. v
This allows us to characterize the set of welfare outcomes.

Proposition 6 (Welfare Set). The lower boundary CS(m) uses the highest-price tie-
breaking rule specified for Lemma 2. The welfare set below therefore allows this departure
from the baseline tie-breaking rule. The Welfare Set is given by:

Wo = {[(m, CS(), (n, TS(r)] | s.£.7 € [, 7]}
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This result follows directly from Lemmas 1-3. The welfare set is generally
non-convex. In standard information design problems, convexity arises because
the designer can randomize across signaling structures and thereby mix welfare
outcomes. Randomizing within a signalling structure does not generally mix the
corresponding welfare outcomes: the seller responds to the resulting demand
function with a single price. A publicly observed lottery over signalling structures,
followed by pricing conditional on the realized structure, would instead generate
convex combinations of their welfare outcomes. Such public randomization is
outside the present model.

A full characterization of the welfare set would in principle require solving for
all the consumer-optimal information policy at any level of profits. Leveraging
the structure we can instead construct bounds that only require computing the

consumer and the seller optimal information policy policies:

Corollary 2. Consider the following two sets:

Wmax — {[(R,Q(E))/ (7, CS(n) + = m)] | s.t.m € [m, ﬁ]}

Wy ={i(n, CS(), (, TS + 7 - )] | s.t.m € [, 7]}

Let W denote the boundary of W. Then we have that dWp lies in between the two
bounding curves (ng" and W5

IWo C WIW\ int(Wmin)

Intuitively, the upper bound set W[I“* keeps total surplus fixed to its maximum
level (attained in the consumer optimal outcome) and only varies how surplus
is distributed. Similarly, the lower bound set ‘ng” instead keeps total surplus
to its minimum (attained in the seller optimal outcome) and again varies only its
distribution. The true welfare frontier, W, lies in between the frontiers of these

two sets.

Not Monotone Non-Overlapping Outside Information

Robust Welfare Outcomes When outside information is not minimal, the relaxed

and unconstrained program do not coincide. Hence the solution to the relaxed
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Figure 6: Robust Welfare Set and Bounds on Welfare Outcomes

program may not be implementable in general. Here, I discuss in what sense the
solution to the relaxed program still provides bounds on the welfare set. The
welfare set that we derived above may nevertheless be useful to make predictions
of market outcomes in some robust sense:

Consider a policy maker that for a given market is concerned with the potential
welfare effects that may arise as a consequence of information provision through
platforms. The precision of forecasting those welfare effects depend on what we
know about the platform’s objective and the current market structure, shaped by
outside information. Often we do not want to assume a certain objective but are
instead interested in understanding the welfare consequences for any objective the
platform may have. The platforms’ ability to alter the current market structure
depend on what consumers already know. Hence what we know about the
structure of this outside information also alters our predictions of potential welfare
outcomes. Suppose the policy maker does not know what exact information
consumers are accessing but only observes the resulting demand function. Then
to understand all potential consequences for welfare, our predictions need to
be robust to any information structure that could have generated the observed
demand function. Hence to characterize all welfare outcomes that could arise as a
consequence of information provision through platforms, the policy maker needs
to consider all those signalling structures. The following theorem establishes that
the welfare set as characterized in the previous section characterizes this robust
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welfare set.

Theorem 2. Let W0 be the set of welfare outcomes according to the relaxed problem. Let

W, o be the set of welfare outcomes of the unconstrained problem. Define
7(G°) = {1° € A(A(V)) : G,o = GO},
where G o is the induced distribution of posterior means. Then

(WTO = (WGO.
10eT(GO)

This result is an immediate consequence of the following Lemma:

Lemma 4. Consider T2 € A(A(V)) and let GP € A(V') denote the induced distribution of
posterior means E[v | SP. Then for any distribution GO e A(V) thatisa mean-preserving
contraction of GP there exists 0 inducing G©, where P

0. v

is a mean-preserving spread of

Participation Constraint on the Seller. The platform faces a participation con-
straint from the seller:

w(p(67). 6%) = nlp(69). 6°).

i.e., profits under the platform’s disclosure policy must weakly exceed those under
outside information. This captures environments in which the seller can reach
consumers directly and therefore must opt in to the platform. The consumers only
receive information from the platform if the seller opts in to selling through it.

Since we allow for general structures of outside information it is no longer
sufficient to consider the posterior mean distribution to ensure admissibility,
instead we revert to the original program and represent an information policy by a
distribution of posteriors 2 € A(A(V)) and impose the following informativeness
restriction:

F) > P > =°,
MPS MPS

Given the seller’s participation constraint, the platform’s problem is
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Figure 7: Participation constraint: profits on the platform must weakly exceed
profits under outside information.

max f (n (p*(GD), GD) ,CS (GD)) s.t Fg > 70 > 19 (7P is admissible)

tPeA(A(V)) MPS MPS

n(p'(GP), GP) = n(p*(G?), G°)

where GP = G.» and G° = G0, so they denote the posterior mean distribution
induced by 7P and 7© respectively. Admissibility is imposed at the level of experi-
ments 7, while welfare outcomes are evaluated using the induced distribution of

posterior means.

Under outside information beliefs g© are distributed according to 7°. For
each posterior qo, let F 40 denote the CDF and let F :75 denote its left-continuous
generalized quantile function.

In order to characterize the Pareto frontier, I will construct the potential demand
function, that at each price, tells us the maximal demand the platform can induce
through additional revelation.

The potential demand function is constructed as follows: For consumers who are
already purchasing the good under outside information no additional information
is provided. These consumers are purchasing the good with probability one and no
additional demand can be generated from them. Demand from these consumers
is given by 1 — G9(p) + A(G?, p). From consumers who are not purchasing the

good given their outside information on the other hand additional demand can be
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generated, if they attach positive probability to having a valuation weakly above the
price. The maximal demand that can be generated from such types is attained by an
upper censorship policy. Upper-censoring reveals low valuations and pools the rest
to mean p so exactly a fraction s(q°, p) is converted into buyers and the additional
demand generated from them is given exactly by /q oca., (g9, p)dt°(q°).

Now to find seller optimal information provision, we simply use the potential
demand function and set the optimal price given this potential demand function.
Then the optimal information policy can be backed out from the potential demand
function: For consumers who under outside information have an expectation
below the optimal price, low valuations are revealed so that absent learning her
valuation is low the buyer updates upward and is exactly indifferent between
purchasing and not purchasing the good. This is formalized in the following

proposition:

Proposition 7 (Seller Optimal Information Provision ). Profits under the potential
demand function at price p are pDmax(p). Then let p°© be the minimal price that
maximizes profits under the potential demand function and let 15 = pSO Dyax(p>©)

Consider

1. Upper Censorship for low expectation buyers

qu € Q<pso
F?O(a)) if0 < w < c(q°,p°°)
P;g(w) =31-5(g°,p59) ifc(q,p5°) < w < pS©°
1 ifpP<w<i
where

)l or)
2. No information for high expectation buyers:

0 if0<w<puo
VL]O ¢ Q<pso F{I;O = f Hy F;)o
1 ifpgo <ol

For each outside posterior q©, F :g describes the distribution of posterior means induced

by the disclosure rule above. Let T5© denote the distribution of posterior beliefs induced by
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this rule. Then ©°© is admissible and maximizes profits among all admissible distributions

over posteriors.

Fix a price. Potential demand puts a simple ceiling on how much demand
information can create. Buyers whose expected value already exceeds the price
will buy anyway; extra disclosure cannot raise their purchase probability. Among
the remaining buyers, only those who still assign some chance to values at or
above the price can be moved. The best the platform can do is an upper-censoring
message: reveal when the value is low, and otherwise pool the remaining states so
that the “not-low” message leaves the buyer exactly indifferent at the price. This
converts a precise fraction of these buyers, and no admissible policy can convert
more. Choosing the price p°© that maximizes revenue against this ceiling and
applying the same upper-censoring rule to the below- p°© group achieves the
bound. Providing any additional disclosure to buyers already willing to buy at p°©
can only (weakly) reduce sales by creating messages with lower expectations; and
buyers whose values can never reach p°©cannot be turned into purchasers. Hence
the stated policy is profit-maximizing. Upper censorship policies are optimal
in information design problems where the receiver has binary actions, which
here corresponds to the purchasing decision. The receiver acts whenever her
expectation exceeds a threshold p and so if the sender wants to convince the
receiver to act, she adopts upper censorship to increase the probability of acting.
The twist is that the platform chooses its information policy to induce the seller to
select the price that maximizes revenue against potential demand. So the platform
optimally chooses the threshold given that profits are increasing in the threshhold
but an increase in the threshhold lowers the probability the receiver will act.

Now with this we can turn to the Pareto Frontier. To find the Pareto Frontier, at
any profit level 71, we need to find the maximal level of consumer surplus that can
be attained by some admissible distribution over posteriors 77 that induces profit

level m:
CS(n) = max {CS(T,p) : tadmissible, p =p*(G;), mn(p,G)= n} .

where G is the posterior-mean distribution induced by 7. In order to find this
maximal level of demand we are again going to use the potential demand function.

But instead of optimizing the price with respect to this potential demand function,
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as we did for seller optimal information provision, we now ask what the lowest
price is for which a given profit level is attainable, which is given by the lowest price
at which potential demand and the corresponding isoprofit curve coincide. Again,
the information policy inducing this can be backed out from the construction of
the potential demand function. For simplicity, I state the theorem for continuous
potential demand functions here.!? The general theorem can be found in the

Appendix.

Theorem 3 (Pareto Frontier — Continuous Potential Demand). Take v € [, 7°©)

and let p(m) be the minimal price such that the isoprofit line equals the potential demand:

p(n) = min{p €(01] : 2= Dmax(p)}.

1. Upper Censorship for low expectation buyers.
For each q° € Q.p () implement upper censorship to pool at p(m):

F;)O(a)), 0<w<c(q° pn),
Foolw;m) =415 (7°,p(m)), ¢ (q°,p() < @ < p(n),
1, p(n)<w<1,

where

C(qofp(n)) =Fo (1 - s(qofp(n))) :

2. No revelation to remaining buyers.
Forall q° ¢ Q<p(n), keep outside information unchanged:

0 f0<wc<
FP (w;m) = / Ha° po
q ; q°
1 ifpgo < wl

For each outside posterior q©, F ;)O(- ; T0) describes the distribution of posterior means
induced by the disclosure rule above. Let 7 (1) denote the distribution of posterior beliefs

induced by this rule. Then t*F(n) is admissible, induces the seller to select price p(r),

yielding profit m, and maximizes consumer surplus among all admissible distributions

12pgtential Demand Dyyay is continuous at p(m) when the posterior-mean distribution GO has no
atom at p(m) and each posterior ¢© has no atom at p(r)
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over posteriors that deliver profit .
cs (TPF(H), p(n)) - CS(n) v

This theorem establishes two claims. Firstly, the theorem establishes attainability

o nso); Proposition 7 establishes attainability of 7150.

of every profit level in [7t
Secondly it provides a way of inducing that profit level that maximizes consumer
surplus. The policy maximizes consumer surplus since it finds the minimal price
at which the iso-profit curve equals the potential demand function. Since the
potential demand function is weakly decreasing in the price, finding the minimal
such price maximizes demand at which the iso-profit curve is attainable. There is
no lower price at which the given profit level can be attained. Under the upper-
censorship construction, lowering the target price expands purchases within each
outside-posterior group while retaining purchases at higher valuations. With
nonnegative valuations and zero marginal costs, this expansion weakly increases
total surplus. At a fixed profit level, higher total surplus translates directly into
higher consumer surplus.

With the frontier pinned down by the minimal price p(7r) we now ask how total
surplus varies along it. Because p(m) is weakly increasing in 7 and Dmax(p) is
weakly decreasing in p, total surplus at the frontier—falls as 7 rises. The next

proposition formalizes this misalignment

Proposition 8 (Misalignment of Total Surplus and Profits ). CS(t) + 7 is decreasing

n . v

Intuitively, extracting more profit at the frontier requires a higher price. Higher
prices reduce the maximal feasible demand, so even though the seller’s share
rises, the pie shrinks. Hence along the frontier, total surplus—and thus consumer
surplus at a given 1 declines as 7 increases. Another way to look at this result is
through the information asymmetry the platforms policy induces between seller
and buyer. A higher price implies that, more low valuations are revealed to the
buyer and thus the informational asymmetry between seller and buyer widens as
we move towards profits along the Pareto frontier creating inefficiencies.

Importantly this establishes that the misalignment of total surplus and profits
is not an artefact of the assumption we previously imposed on the structure of
outside information. Instead, this qualitative insight continues to hold for general

structures of outside information.
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4 Literature

A large literature studies how information provision shapes trade and welfare
in markets. The central question in this literature is how information disclosure
affects price setting and competition. Two main strands can be distinguished: one
analyzes disclosure to sellers, the other disclosure to consumers. Existing models
typically assume that information can be freely designed and abstract away from
potential constraints due to agents’ initial partial information — a limitation this

paper seeks to address.

When information is revealed to consumers, it shapes market demand and through
that affects the sellers’” pricing decision. In a seminal contribution, Roesler and
Szentes (2017) provide a characterization of the buyer-optimal disclosure rule in
a bilateral trade model. They show that lower prices rather than increased pur-
chasing accuracy are the primary channel to enhance consumer welfare. Because
uninformed buyers allow sellers to extract all surplus under no disclosure, the
seller-optimal policy is straightforward. Here, disclosure governs the distribution
of total welfare, but does not vary with the platforms objective since efficiency can
be achieved along the Pareto Frontier. When a seller jointly decides what quality
of a product to offer and discloses information to consumers, the seller chooses
less-than-efficient quality differentiation and does not fully disclose the valuation
to the buyer Bergemann et al. (2025b). In duopoly, information design affects the
intensity of competition by altering how similar consumers perceive products
to be (Armstrong and Zhou, 2022). Again, the platforms objective governs the
distribution of welfare but not its level- Here, the designer leverages their ability
to alter the competitiveness of the market depending on their objective.

In contrast, when allowing for outside information, total surplus varies along the

Pareto Frontier and is highest under consumer optimal disclosure.

The literature studying revelation to sellers also explores how information affects
the relationship between total and consumer surplus. When consumers know
their valuations, disclosure to sellers segments the market and enables price
discrimination. In monopoly, this segmentation can restore efficiency and ensure
that the benefits of discrimination are allocated to consumers (Bergemann et al.,
2015). In multi-product monopoly, where the seller engages in second-degree
price-discrimination due to menu setting and third-degree discrimination due to

segmentation, an appropriate segmentation makes both consumers and the seller
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better off whenever the market is inefficient without segmentation (Haghpanah
and Siegel, 2023).

In competitive markets, the designers segmentation has to optimally trade-off
intensified competition when firms get more accurate information with their
increased ability to price discriminate (Elliot et al., 2025; Bergemann et al., 2025a).
(Bergemann et al., 2025a) show that consumer surplus maximization can be at-
tained without any cost to efficiency. Consumer and total surplus are aligned in
the sense that allowing for price discrimination can achieve total and consumer
surplus maximization simultaneously independent of market structure. Under
outside information I show that in homogeneous product monopoly alignment
takes a stronger form; total surplus decreases as we move away from consumer
optimal disclosure. The mechanism is also different since I consider disclosure to

consumers, not the seller.

There is work considering receivers who are privately informed. When buyers
need to voluntarily reveal their valuation to sellers, they trade-off better match
quality with potential surplus extraction through price discrimination when engag-
ing with a multi-product monopolist (Ichihashi, 2020) as well as the competitive
consequences with multiple sellers (Ali et al., 2023). A distinct line of work
studies mechanisms that elicit private types. Kolotilin et al. (2017) shows that
when the private type of the consumer is independent of the sender’s information
for any mechanism that elicits the receiver’s private information and discloses
conditionally on the private information there is a disclosure rule that does not
condition and induces the same payoffs. In my setting, outside information is
not independent of the valuation. Guo et al. (2025) consider a bilateral trade
setting, allowing for privately informed receivers whose type is correlated with
the sender’s information. They derive the optimal menu of contracts consisting
of a price and an information policy when the buyers private information can be
described by a binary type. Both Kolotilin et al. (2017) and Guo et al. (2025) study
the elicitation of private information, which is distinct from outside information.
Under elicitation the optimal revelation of additional information can be solved
separately; whereas under outside information they cannot; the designer cares

about the overall induced demand function.

There is a literature studying information design under constraints. Koessler

and Skreta (2023) study the information design problem where the sender is
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partially informed; in my setting, instead, the receiver is partially informed.
Onuchic and Ray (2023), Mensch (2021) and Ivanov (2021) impose structural
constraints on the information the sender can reveal and require it to be monotone
partitional. Le Treust and Tomala (2019) consider a setting where communication
is subject to noise not controlled by the sender. Doval and Skreta (2024) provide
conditions under which persuasion with additional constraints is equivalent to
a unconstrained problem with an expanded state space. Terstiege and Wasser
(2020) also study buyer-optimal information design in a bilateral trade model and
focus on extension-proofness; the chosen experiment must leave the seller with no
profitable incentive to add further information ex post. Any extension proof buyer-
optimal information structure only pools two valuations. The present framework
complements this line of research by introducing a distinct form of constraint:
the receiver’s outside information is correlated with value and observable to the
platform, thereby linking the information design problems across consumers and
limiting the designer’s control over feasible disclosures.

5 Conclusion

This paper shows how a platform can influence market structure and outcomes by
providing information to partially informed consumers. I simplify this complex
problem by invoking results from Ennuschat (2025) that allow the platform
to directly optimize over the consumer’s expected valuations which determine
demand.

The platform’s disclosure changes the elasticity of demand depending on its
objective. A platform that maximizes revenue, adopts a disclosure rule that
leads to inelastic demand in an intermediate region, shaping demand in a way
that increases the monopolist’s market power. A platform that instead aims to
maximize consumer surplus will induce unit-elastic demand in an intermediate
region, making the monopolist indifferent between intermediate prices. Across
all information policies, efficiency is highest in this buyer-optimal-outcome and
decreases for any other objective. Thus, when consumers are partially informed,
additional information does not only govern the distribution of total surplus, but
also affects its level. This shows how allowing for outside information can lead to
qualitatively different insights from those obtained when considering full control
information design problems.
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In markets where digital platforms tailor information based on users’ prior
knowledge, the findings highlight how the design of disclosure itself becomes a
key determinant of efficiency and market power.

The qualitative difference to full control information design problems suggests
that introducing outside information to other market structures featuring com-
petition, quality differentiation or where instead of disclosing information to
buyers, communication occurs to multiple sellers could lead to interesting insights.
Another avenue for future work would be to consider a setting where the platform
does not have full control and must provides additional information independently

of the consumers outside information.
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Appendix

Proof. Since P is a mean-preserving spread 7© there exists z” ~ 7P and z© ~ 1© such that E(z" | z©) = z©.

Let the induced posterior mean distributions be given by E(z”) ~ GP and E(z°) ~ G°. By the law of
iterated expectations:
E(E(z") | E(z?)) = E(E[E(z" | z°)] | E(z°))

D

Since 7 is a mean-preserving spread of 7°

E(E[E(" | 29)] | E(z®) = E(E[z] | E(z?)) = E(z°)
Since E(z") ~ GP and E(z°) ~ GO this establishes that G” is a mean-preserving spread of G° O

Lemma 5. The function T(x) = fox GO(t)dt where GO(t) isa CDF and 0 < x < 1 is continuous.

Proof. Take some point ¢ € [a,b] then T(x) — T(c) = Ax GO(t)dt — fuc GO(t)dt = fcx GO(t)dt. Since t € [0,1],
the area below the cdf T(x) is bounded to be less then 1 /a ’ GO(t)dt < 1 Therefore we have

—/ 1dt§/ GO(t)dt s/ 1dt
c c Cc

—(x—c¢) < /x GO(H)dtGO(t) < (x —c)dt

Thus | T(x) — T(c) |<| (x = ¢) | and thus since lim | (x — ¢) |= 0 the limits of T(x) converge and it is therefore
X—C

continuous. O

Proofs Pareto Frontier & Buyer Optimal Information Design

Proof of Proposition 1. Proposition 1 follows from subsequent Lemmas 6- 8. A O

Lemma 6 (Full revelation of low valuations). Tuke G(w) such that there is no ¢y such that forall w € [0, c1]
G(w) = Fo(w). Then there exists GP that is admissible and induces weakly higher consumer surplus. A

Proof Lemma 6. Let p and 7t be the smallest optimal price under and profit level induced by G respectively.
Case 1: Consider first the case where for all w € [O, ;5] we have that Fo(w) > 1 - I Then consider the
following G:

Fo(w) if0< w <y

1-ZL ifr1fw<ao

Gl)=9,_% -
-% ifosw<p

Glw) iff<w<l
where ¢ = F§~ (1 - %) Now c; is defined as the smallest x € [7t, 7] such that /01 Glw)dw = /01 G(w)dw. To

show G is well defined, I need to show ¢, is well defined.
Consider ¢; = 7. Then ¢; = 0 and

/Olc(w)=/0’5 1—% dw+[1(§(a))g/016;(w)dw
- x p

<G(w) by optimality of
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Consider c; = p and note that

/OlG(a))da) = /OC1 Fo(w)da)+/jio(/c_12da)+/ﬁl@(a)) > Alé(w)dw

T =G()
Zfo G(w) —_—
chf Glw)dw

Since by Lemma 5 fox G(w)dw is continuous and by the intermediate value theorem c; is well defined.
Next it is necessary to establish admissibility of G. Notice that by construction G is mean-preserving.

Fo >mps G For x € [0, c1] admissibility is immediate since G = F.

For x € [cq1, c2] we have that

Arq Fo(a)) - Fo(a)) + ‘/qx F()(a)) - (1 - L ) dw > /x Fo(a)) - Fo(Cl) >0

C2 o

and therefore the majorization constraint is satisfied.
For x € [cy, P] we have that

‘/O1130(51))—130(a))+/C121—"0(64))—(1—g)da)+‘/c2 Fo(a))—(l—g) dw =0

>0 by assumption of Case 1

For x € [p, 1] we have that fxl Glw)dw = /xl Glw)dw > fxl Fo(w)dw where the last inequality follows from
admissibility of G.

G >mps GO For x € [0, c1] admissibility is immediate since G = Fj.

For x € [c1, c2] I will show that fox Glw)dw > fox G(w)dw. Notice that ¢, is defined as the smallest x such
that

7 ~ c1 _ c 7t _ p 7t -
./0 G(w) - Glw)dw = ./0 Fo(w) — G(w)dw +/C1 (1 - C_z) - Glw)dw + ‘/Cz (1 - 5) - Glw)dw =0

<0 by optimality of p

Thus it must be that
C1 - Cc2 ﬁ ~
/ Fo(w) - Glw)dw + / (1 - —) - Glw)dw =0
0 C1 C2

To see this suppose for some x € [c1, cz]

1 N x Tt ~
/0 Fo(w) - G(w)dw + /C1 (1 - Z) - Glw)dw <0

Then since CDF’s are weakly increasing we have that

‘/001 Fo(w) - G(w)dw + /lez (1 - Cﬁ;) - G(w)dw < /061 Fo(w) - G(w)dw + /Clcz (1 - g) - G(x)dw

A contradiction. . . i
For x € [c1, c2] again by the definition of G /Op Gdw = /Op Gdw and for all w G(w) > 1 — Z so by the same

argument as in the previous case: /Ox G(w) - G(w)dw > 0.

For x € [p, 1] we have that fxl Glw)dw = /xl Glw)dw < /xl GO(w)dw where the last inequality follows from
admissibility of G.
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Case 2: Next consider the case where Jw € [0, f] such that Fo(w) < 1—Z. Let t be defined as the smallest
x such that Fo(x) < 1— Z. Consider the following G:

Fo(w) if0< w<c

Glw) = 1—% ifcr<w<o
1—% iszSa)<]5

Glw) iff<w<l

where c¢1 = F§~ (1 - %) Now c; is defined as the smallest x € [7, #] such that /01 Glw)dw = fol G(w)dw. To

show G is well defined, I need to show ¢ is well defined.
Consider ¢; = 7. Then ¢; = 0 and

/OlG(a))dw = /Ot L—é dw+/ﬁlc(a))§ /Olé(a))da)

<G(w)by optimality of §

Consider ¢, such that ¢ = F(‘]_ (1 — %) = t and note that

/OlG(a))da) = /OCI Fo(a))da)+/tlé(a)) > /Olé(a))da)

—_————
Zfocl G(w)dw

Since by Lemma 5 /Ox G(w)dw is continuous and by the intermediate value theorem c; is well defined.
Fo >mps G For x € [0, c1] admissibility is immediate since G = F.
For x € [cq1, c2] we have that

Tt

A'Cl Fo(a)) - Fo(a)) + ‘/C1x F()(a)) - (1 - L ) dw > /x Fo(a)) - Fo(Cl) >0

Co a1

where the last inequality follows from the definition of c; and therefore the majorization constraint is
satisfied.
For x € [cy, t] we have that

/0 1 Fo(w) — Fo(w) +/Cl 2Fo(a)) - (1 - g) dw +L Fo(w) — (1 - S)d(u >0

>0 by definition of ¢

For x € [t,1] we have that fxl Glw)dw = fxl Glw)dw > /xl Fo(w)dw where the last inequality follows from
admissibility of G.

G >mps GO For x € [0, c1] admissibility is immediate since G = F,.

For x € [c1, c2] I will show that /Ox Glw)dw > fox G(w)dw. Notice that ¢ is defined as the smallest x such
that

P ) o ) @f =\ Fooa
/0 G(w) - G(w)dw = /0 Fo(w) - G(w)dw +/Cl (1 - Cﬁz) — G(w)dw + /2 (1 - g) — G(w)dw =0

<0 by optimality of
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Thus it must be that
C1 - Cc2 7:'( -
/ Fo(w) - G(w)dw + / (1 - —) - G(w)dw >0
0 C1 C2

To see this suppose for some x € [c1, cz]

Cc1 " X ﬁ -
/0 Fo(w) - G(w)dw + /c1 (1 - a) - Glw)dw <0

Then since CDF’s are weakly increasing we have that
C1 ~ Cc2 7:( ~ C1 ~ Cc2 ﬁ 5
/ Fo(w) — G(w)dw + / (1 - —) - Glw)dw < / Fo(w) - G(w)dw + / (1 - —) - G(x)dw
0 c1 2 0 c1 2

A contradiction. For x € [c1, c2] again by the definition of G foﬁ Gdw = /015 Gdw and forall w G(w) > 1 - %

so by the same argument as in the previous case: /Ox G(w) - G(w)dw = 0

For x € [p, 1] we have that /xl Glw)dw = /xl Glw)dw < fxl G°(w)dw where the last inequality follows from

admissibility of G.

Higher Consumer Surplus Now notice that in both cases the optimal price under G is ¢, which by

construction is smaller than p. Consequently demand and therefore efficiency is higher under G than under

G. If efficiency is higher and profits are the same than it must be that consumer surplus is higher under G

than under G. A
O

Lemma 7 (Region of Inelastic Demand). Take G and let j5 be the smallest optimal price. By Lemma 1 suppose there

exists c1 such that Yo € [0, 1] we have that G(w) = Fo(w) but for @ € [c1, %] G(w) (1 - %) Then there exists

GP that is admissible and induces weakly higher consumer surplus. A

Proof Lemma 7. Let p and 7t be the price and profit level induced by G respectively. )
Case 1: Consider first the case where for all w € [0, ﬁ] we have that Fo(w) > 1 — Z Then consider the
following G:

Fo(w) if0< w <cf(ca)

Glw) 1—5 fci<w<c
w) = ~
—L ifoo<w<p

Gw) ifp<w<l

where c““(c2) = F§~ (1 - %) Now c; is defined as the smallest x € [7, fi] such that /01 Glw)dw = fol Glw)dw.

To show G is well defined, I need to show c¢5 is well defined. Consider ¢, such that c?ew(cz) = Fa_ (1 - %) =1

=G(w) . -
<G(w) <G(w)
since CDFS are increasing by optimality of

Consider ¢; such that ¢ = F§~ (1 - %) = t and note that

/OlG(a))da) = /OC1 Fo(a))dw+/tl(~3(a)) > -/Olé(w)da)

S e
> [ G(w)dw
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Since by Lemma 5 fox G(w)dw is continuous and by the intermediate value theorem c; is well defined.
Consider ¢} = F~ (G(57)) and note that

1
/OlG(w)da) = /061 Fo(w)dw+/: (1—g)da)+/ﬁl(~3(a}) > /Olé(a))dw

N—— e’ N———
> [1 G(w) =G(p~)
—_——
E/Cf G(w)dw

Since by Lemma 5 fox G(w)dw is continuous and by the intermediate value theorem c; is well defined.
Next it is necessary to establish admissibility of G. Notice that by construction G is mean-preserving.
Fo >mps G For x € [0, c1] admissibility is immediate since G = F.

For x € [c]", c2] we have that focl Fo(w) — Fo(w) + /Cic Fo(w) — (1 - %) dw > 0 and therefore the majorization

constraint is satisfied.
For x € [cy, P] we have that

new

/0 ! Fo(w) — Fo(w) + /c;':” Fo(w) — (1 - %) dw +/C2 Fo(w) — (1 - g) dw >0

>0 by assumption of Case 1

For x € [p, 1] we have that fxl Glw)dw = /xl Glw)dw > fxl Fo(w)dw where the last inequality follows from
admissibility of G.

G >mps GO For x € [0, c1“] admissibility is immediate since G = Fy.
For x € [c]*", ca] T will show that fox Glw)dw > fox G(w)dw. Notice that c}" is defined as the smallest x
such that

new ~

p & c2 p
/ G-Gdw = / Fo(w) - G(w)dw + / (1 - CE) - G(w)dw +/ (1 - g) - G(w)dw =0
0 0 cliew 2 0 —
<0 by optimality of f
Thus it must be that

new

cf B ¢ 7t B
/0 Fo(w) - G(w)dw + /c” (1 - Z) - Glw)dw =0

ew
1

Now suppose for some x € [c?ew , o]

o . x t .
/0 Fo(w) - G(w)dw + ./c" (1 - a) - Glw)dw <0

ew
1

Then since CDFS are weakly increasing we have that

new new
c et

~ Tt ~ T ~ 7 T ~
O/ Fo(w) — G(w)dw ;é (1 - C_z) - Glw)dw < 0/ Fo(w) - G(w)dw +C;;E/w (1 - c_2) - G(x)dw

A contradiction. . ; )
For x € [c]°", c2] again by the definition of G fop Gdw = /Op Gdw and forall w G(w) > 1 - = so by the same

argument as in the previous case: fOx G(w) - G(w)dw > 0.

For x € [, 1] we have that /xl Glw)dw = fxl Glw)dw < fxl G9(w)dw where the last inequality follows from
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admissibility of G.

Case 2: Next consider the case where Jw € [0, ] such that Fo(w) < 1 Z. Let t be defined as the smallest
x such that Fo(x) < 1 - Z. Consider the following G:

Fo(w) if0< w < cf(ca)

1-ZL ifr<w<c

Gw) =1, ¢
1-2 ifo<o<p

Gl) ifp<w<l

where c““(c2) = Fy~ (1 - %) Now c; is defined as the smallest x € [7, ¢] such that /01 Glw)dw = fol Glw)dw.
To show G is well defined, I need to show ¢, is well defined.
Consider c; such that c{““(c2) = F§~ (1 - %) =

1 a1 e # p 7 L b
/ G(w) = / Fo(w)dw + / (1 - —) dw + / (1 - —)da) +/ G(w) < / G(w)dw
0 0 ~—— a €2 o w P 0
=G(w) \-\/:—-/ \—T/—-/
<6(w) <G(w)

since CDFS are increasing by optimality of

Consider ¢, such that ¢; = Fé_ (1 - %) = t and note that

/O Gl = /O " Fo(w)do + /t ) = /0 ' Sw)io

—_—
2/061 G(w)dw

Since by Lemma 5 /Ox G(w)dw is continuous and by the intermediate value theorem c; is well defined.
Since by Lemma 5 /Ox G(w)dw is continuous and by the intermediate value theorem c; is well defined.

Fo >mps G For x € [0, c/*“] admissibility is immediate since G = Fo.

For x € [c]*", ca] we have that /001 Fo(w)—Fo(w) +/C?ew Fo(w)— (1 - %) dw > 0and therefore the majorization

constraint is satisfied.

For x € [cp, t] we have that

new

1 2 7t X Ft
./0 Fo(w) — Fo(w) + /c;’”" Fo(w) — (1 - C—Z)da) +/C2 Fo(w) — (1 - ;)da) >0

<(1-2)
2 >0 by definition of ¢

For x € [t,1] we have that fxl Glw)dw = fxl Glw)dw > fxl Fo(w)dw where the last inequality follows from
admissibility of G.

G >mps GO For x € [0, c}“] admissibility is immediate since G = F.

For x € [c]*", ca] I will show that fox Glw)dw = fox G(w)dw. Notice that c}” is defined as the smallest x

such that

new

/0 G—@da):/o1 Fo(a))—é(a))da)+/q: (1—%)—@(&)){1@+/€2 (1—%)—G(a))da):0

<0 by optimality of
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Thus it must be that

new

C1 " Cc2 ﬁ -
/0 Fo(w) - G(w)dw + /c" (1 - Z) - G(w)dw >0

ew
1

Now suppose for some x € [c{ww, 2]

cjev B x 7t B
/0 Fo(w) - G(w)dw + /n (1 - z) - Glw)dw <0

ew
‘G

Then since CDF’s are weakly increasing and (1 - %) is constant we have that

new
c2 “ c2

/ Fo(w) - G(w)dw + / (1 - CE;) - G(w)dw < / Fo(w) - G(w)dw + / (1 - CE;) - G(x)dw

new new
0 ] 0 ]

new
‘G

A contradiction. - } )
For x € [c]°", c2] again by the definition of G fop Gdw = /Op Gdw and forall w G(w) > 1 - % so by the same

argument as in the previous case: fOx G(w) - G(w)dw > 0

For x € [, 1] we have that /xl Glw)dw = fxl Glw)dw < fxl G9(w)dw where the last inequality follows from
admissibility of G.

Higher Consumer Surplus Now notice that in both cases the optimal price under G is c; which by
construction is smaller than p. Consequently demand and therefore efficiency is higher under G than under
G. If efficiency is higher and profits are the same than it must be that consumer surplus is higher under G

than under G. A
|

Lemma 8. Consider a market outcome (p, D(p)) and let 7t and CS be the associated profit level and consumer surplus.
Take

Fo(lw) if0<w<c
GUE _ 1—% ifar<w<c
C|1-2 ifw e [xic(xi)

Gow) ifw > crand w ¢ [x;,c(x;))

where
o =FS (1 - f—z)
¢ = min {a) € [n,pl| /Cl Fo(w) + dw(cy — c1) (1 - CE) > /C2 Go(a))dcu}
0 2 0
¥ €X = {a) €10,1]] GOw) =1 - g and 9, GO(w) < (w%} u{r| iFG(#) =0}
c(xi) c(xq)
¢(x;) = min {(u e[n,pll / G(w)dw = / Go(a))dcu}
0 0
Then

i) GUE is admissible, )
ii) profits under GUare the same as under G

m(p*(GR5), G&F) =7
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iii) and consumer surplus under GUE is weakly higher than that under G:

! UE UE ! =\ g
w-p (G:7))dG " (w) > w-p (G)dG(w
/p (@-p"(GZY)) ()/p*(c)( p'(G) dG(w)

“(655)

Proof. First we need to show to ¢, x; and c(x;) are well defined. To see that ¢, is well defined, we use the
intermediate value theorem. Take ¢ = 7t

) =1Ti: / Glw)dw =0 < / GO(w)dw
0 0

p €1 e
Cy = fJ : A' G(a))da) = /0 Fo(a))da) + (f) - Cl)Fo(Cl) > [J Go(a))da)

=7 G(w)dw

where the last inequality follows from the fact that if (7, D(p)) is a market outcome there is an admissible G
of the above form that by Lemma 6 and 7. Notice that if GP () = 0 then ¢ = 7. Otherwise the majorization
constraint will bind at ¢;. To see that x; is well defined notice that X is a finite and ordered set. X is
the set of all starting points of intervals where the isoprofit curve is above the demand function under
outside information Let x; = min X and let x;11 = min X\{x1, ... x;}. I will show that c(x;) is well defined
inductively. Take x; = x1. Use the intermediate value theorem to see that c(x1) is well defined.

c(x1) = x1 + € :if x; > w then

Cc1 Cc2 'ﬁ X1 X1t+€ ’ﬁ xX1+€
/ Fo(w)dw + / (1 - —) dw + / GO (w)dw / 1-—dw > / GO (w)dw
0 C1 C2 Cc2 X1 w 0
——

_re ZGO(CA))
_/0 * GOwMw for some €>0 since x1€X
If X1 = Tl
ft+e 7t t+e
/ 1-—dw > / GO (w)dw
7t w 0
~——
>G9%(w)
for some €>0 since x1€X
Take c(x1) =1
<f062 GO(w)dw Sfxll Glw)dw
e ——— S
Cc2 X 1 ﬁ
1 / Glw)dw + /Czl GO(w)dw +/ 1-—dw ifx;>n
/ Glw)dw =470, _ X1 @
0 / 1- zda) ifx;>mn
7t @
—_—
Sfol G(w)dw

1
< /0 GO(w)dw

since there must be an admissible G that induces outcome (#, D(f)) and thus G must be above the associated
isoprofit curve and since it is admissible for any x: fx ! Glw)dw < fx ! GO(w)dw

Now by induction suppose for x; c(x;) is such that /()c(x,») Glw)(w)dw = f()c(xi) GO(w)(w)dw Now I need to
show that or x;41 c(x;4+1) is well defined.
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Consider c(x;41) = xj41 + €

Xip1+€ c(x;) Xi+1 X1+€ 7t Xiy1+€
/ Glw)dw = / Glw)dw + / Glw)dw + / 1-—do > / GO (w)dw
0 0 c 0

(xi) X1 w
—,———

. >GO
:/OC(“’)GO(a))daJ 260 (w)

for some €>0 since x;j.1€X

Take c(x;+1) = 1 and apply the same argument as for x;

1 c(x;) Xi+1 1 ~ 1
/ Glw)dw = / Glw)dw + / GO (w)dw +/ 1- Ldo < / GO (w)dw
0 0 c(x;) Xi+1 @w 0

R — | —
= GO (w)dw </} Clwio

since there must be an admissible G that induces outcome (P, D(p)) and thus G must be above the associated
isoprofit curve and since it is admissible for any x: /x ! Glw)dw < /x ! GO(w)dw
Next I show admissibility.
Admissibility with respect to G°
For x € [0, cp) by definition of ¢
For x € [Cz,JC1) If xy >crthency, > 7t

/Ox Glw)dw = /OC1 Fo(w)dw + /6102 (1 - %) dw + /sz GO(w)dw = /Ox GO(w)dw

=2 Gedw
0

since at ¢ the majorization constraint on GO will bind.

For x € [x1,c(xq1))if x1 =7t
X X ﬁ X
/o Glw)dw = /n (1 - 5) dw > /0 GO (w)dw

by definition of c(x1) and if xq > 7t this follows from the definition of c(x):

/0 ' Glw)dw = /0 " Glw)dw + / " (1 - g) o= /0 Gao

For x € [xj41, c(xit1))

c(xis1) c(x;) Xi+1 X 7t
/ Glw)dw = / G(w)dwdw +/ G (w)dw +/ 1- ;da)
0 0 c

. (xi) Xi+1
=f,, COwiw —_
bl+def. of c(x; Ny o
y (x;) 2/ 1G (w)dw
Xit

by def. of c(xj11)

Admissibility with respect to F
For x € [0, ¢1) since G = F

For x € [c1,¢2) /Ox Glw)dw = /061 Fo(w)dw + f: (1 - iz) dw < fox Fo(w)dw For x € [cp,x1) if x1 > ¢ then

c

/Ox Glw)dw = /Ocz Glw)dw + /sz GO(w)dw = /Ox GO(w)dw < /OxFo(a))da)

C2>f(
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For x € [x1,c(x1))ifcop =7

X X 7':[ X
/ G(w)dw = / 1-—dw < / Fo(w)dw
0 0 w 0

—_——
< Glw)dw
If cy > Tl
X cy X1 X ft x X
/ Glw) = / Glw)dw + / GO (w)dw + / (1 — —) dw < / Glw)dw < / Fo(w)dw
0 0 o x1 w 0 0
~—_——— N——
:fox1 GO(w)dw <G(w)

For x € [c(x;), xi41)

/OXG(CU) = /ch G(a))da)+/c;) GO(w)dw = /OxGO(a))dw < /OxFo(a))da)

| S —
_relx;)
—/0 " GO(w)dw

For x € [x;, c(x;))

/Ox G(w) = /Oxi Glw)dw + /xx (1 - %) dw < /Ox Glw)dw < /OxFo(a))dw

:foxi GO(w)dw <G(w)

This establishes admissibility with respect to Fo Thus we established admissibility of G.

Consumer Surplus:

Notice that ¢, = p < 7t and hence total surplus is weakly higher under G than under G. Since by construction
profits are the same under G as under G, consumer surplus must be weakly higher under G O

Proof. Note that c; is increasing in 7. To see this, take two profits levels 7 < 7t that can be induced by some
admissible GP. By definition of c(77)

c1(7) 7t ca(f)
/ Fo(w)dw + (c2(7t) — c1(7)) (1 - c_) > / GO (w)dw}
0 2 0
Now let &;(7t) be defined as w € [, ¢2(7)) such that

Tt ~
1- &0 = F(c1(7))

which is well defined since 1 — 7 > 1 - g for all w € [0, 1] Then since & () < ¢2(7t) and GUE() is admissible
c1(ft) i &a(m)
/ Fo(w)dw + (62(m) — ¢c1(7)) (1 - C—) > / GO (w)dw
0 2 0

Then ¢; = F§~ (1 — ﬁ) =Fy (1 - %ﬁ)) = ¢1 So the optimal c5(71) < ¢;(r) which implies that c1(m) < ¢1(7)
Since c; is weakly increasing in 71, Demand in equilibrium D(G;;IiE ,p*(GYE)) is weakly decreasing in 1t

meaning that total surplus is weakly decreasing in 7. Since total surplus is weakly decreasing in 7w and
consumer surplus satisfies CS = TS — 7, consumer surplus strictly decreases in 7. A O

Proofs Seller Optimal Information Design

Proof of Theorem 4. Theorem 4 follows from Lemma 9- 11. a
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Lemma 9 (Seller Optimal Disclosure Rule: Full revelation at the bottom). Any outcome (G, p) that maximizes

profits is such that:
(i) At c1 = Fy~ (GP(p™)) the stochastic dominance constraint on Fy binds:

(GG
/ Fo(t) — G(t)dt = 0
0

Proof. To show i), suppose by contradiction that G is such that /Opa_(t)(c(ﬁ E Fo(t) — G(t)dt < 0. Then consider

the following alternative G;;
Fo(t) ift <@
GL()=1G(p™) ifast<p
GOt) ifp<t<i

where & = min {F5™ (G (p7))}. Let jf be the smallest x > p such that

1 1
p _ e}
/0 GEl(t)dt—/O GO(t)dt

Now f is well defined by the intermediate value theorem. To see this, for x € [p, 1] let D(x) be defined as the
mass difference of GI and G© as we vary x. Notice that ¢; < p since GO(p > G(p~)) and ¢; = ES(G(p)).

Then D(x) is given bylz
1 C1 X
D(x) = /0 GE(t) - GO(t)dt = /0 (Fo(t) = GO(t))dt + (x — &1)G(p)t — /1 GO(t)dt

As shown in Lemma 5 the function T'(x) /a * GO(t)dt is continuous for any CDF GO. Since (x — &1)G(p7) is
continuous and the composition of continuous functions is continuous, D(x) is continuous. To apply the
intermediate value theorem, consider D(x) at the lower and upper end of its domain. For x = p we have

& p
D(f:):/o (Fo(t)—Go(t))dt+(;§—51)G(fJ_)—[ GO(t)dt

C1 p
al® _ 0
2/0 (Fo(t) - G (t))dt+/ G(t) - G"(t)dt

C1

& p
= / (Fo(t) — G(t))dt +/ G(t) - Go(t)dt >0
0 0
>0 by assumption since G>1ps GO
On the other hand if x = 1
& 1
D(1) = / (Folt) — GOt + (1 — E1)Fo(c) - / GO (¢t
0 g
1 1
= [ (ko= GOt + (1= eoraten - [ oy
0 &
=0 since F0>Mp5Go
<0

1
=/ Fo(¢1) — Fo(t)dt
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By the intermediate value theorem there exists a p € (p, 1] such that

¢1 p
/ Fo(t)dt = / GO(t)dt — (5 — &1)Folc)
0

0

Gfl MPC Fy: To show Gfl is a mean preserving contraction of F( notice that this follows by definition of
Gf]: Clearly Vx € [0, c1] it is true since Gfl (x) = Fo(x). For Vx € [c1, p] it follows from the fact that

/0 ]Po(t)—Gf](t)dt+ / Fo(t) - G(p~)dt > /0 "Fo(s) = Fo(t)dt = 0

where the second to last inequality holds by the definition of c1: G%(c1) = G(p~) and cdfs are weakly
increasing.
For Vx € [p, 1], notice that by definition of f

P p
p _ o} _
/0 G? (t)dt /O GO(t)dt = 0

Thus since for any x € [, 1] Gfl (x) = G°(x) we have

x - 1
/ Fo(t) — G (t)dt = / Fo(t) - GO(t)dt > 0
0 0

for all x € [, 1] (The last inequality simply follows by the fact that Fy is a MPS of G©)
G? MPS G©: To show G/, is a mean preserving spread of G°, notice f is defined to ensure this condition.
For x € [0, c¢1] the condition holds since Gfl = Fy and F is a mean-preserving spread of G©:

/ ’ Gl (t) - GO(t)dt = / ' Fot) - GO(t)dt > 0
0 0

For Vx € [c1, p]:
Y P _ O _ “ _ A\ Yo
/0 G, (t) — G&(t)dt /0 Fo(t)dt + (x —c1)G(p™) /0 G™(t)dt
1 x e
2/0 Fo(t)dt+/ G(t) — G~ (t)dt

C1

= / Cl(FO(t) — G(t))dt + / xG(t) - GO(t)dt
0 0

>0 since Fo>ppsG >0 since G>;ps GO

>0

For x € [p, p], notice that p is defined to be the smallest x > p such that D(x) = 0. Thus for any x << j

it must be that D(x) > 0. Since D(x) = fOx Gfl (t) — GO(t)dt it follows immediately that the majorization
constraint is satisifed.
Forx € [p,1]:

x 1 p X
e _ - Ay 0 O(py _ RO
./0 G, (t) — G&(t)dt ./o Fo(t)dt + (P — c1)G(p™) /o G* (t)dt + / GY(t) — G¥(t)dt

p
=D(p)
=0

The majorization constraint binds.
Thus Gfl is admissible.
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Gfl induces higher profits Notice that the demand under Gfl remains constant at (1 — G(p~)) and by
definition of p we have that § > p. Thus demand is constant at weakly higher prices and therefore profits

are weakly higher. A
O

Lemma 10 (Seller Optimal Disclosure Rule: Inelastic Demand). Any outcome (GP, p) that maximizes profits is
such that:

(i) GP assigns no mass to the subinterval [F(‘)_(G(p‘)), p) A

Proof. Let p be defined as follows:

/Olc’fl(t)dt = /OlG(t)dt

which can equivalently be written as
P p i
/ Gh (1) - G(t)dt = / G(t) - G, (t)dt
0 p

now p > p since G(c1) < G(p~) and thus /Oﬁ Gfl(t)dt - /Oﬁ G(t)dt > 0. Gfl is a mean-preserving spread of G
and thus will also be a mean preserving spread of G°.
Let D(x) be defined as follows:

1 p x
D(x) = /0 Gfl(t) - G(t)dt = /p Fo(t) - G(t)dt + (x = p)G(p™) — / G(t)dt
C1 p

Again D(x) is continuous by Lemma 5. p is well defined by the intermediate value theorem: Consider D(p)

1 P p
/ Gl () = G(t)dt = / Fo(t) - G(dt + (b - P)G(p™) - / G(t)dt
0 N

C1 p

p
> / Fo(t) - G(t)dt + (p - P)(G(H™) - G(p7))

€1

>0 since P0>Mp5G

>0

Consider D(1)

P 1
D(1) :/ Fo(t) - G(t)dt + (1 - p)G(p~) — / G(t)dt
C1 p

1

1
=/ Fo(t) - G(t)dt + (1 - p)G(p~) - [ Fo(t)dt

C1 p

1 C1
< / Fo(t) - G()dt - / Fot) = G(Odt +(1—p)  (G(p) - GO() = 0
0 0

~———— — ™/ ™
=0 since ﬁ=min{F6_(G(ﬁ))}

=0 since Fo>pmpsG =0by definition of G

Thus by the intermediate value theorem f is well-defined.

Notice that Gfl is mean-preserving by definition of jj since

1 1 1 1
p — el - -
/0 Gcl(t)di,‘—‘/O G(t)dt = ./0 (1 -G, (t))dt /(;(1 G(t))dt
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Fo >mps G’;: To be admissible Gi has to be a mean-preserving contraction of Fy. For x € [0, c1) this follows
immediately from the definition of Gfl since Gfl (x) = Fo(x) For x € [c1, P):

x ~ P X
/o Fo(t) — GE (t)dt :/0 1—"0(t)—130(1f)¢7lt+/c1 Fo(t)dt = (x = p)G(p™)

> /,, Fo(p) - G(p)dt =0

——
=G(p~)

For x € [p,1):

X . f) B X ~
/ Fo(t) - GL (t)dt = / Fo(t) - Gh (dt + / Fo(t) - GY (t)dt
0 0 P ——

=G(1)

= Ji7 Fo(t)=G(t)dt by def. of p

i} X
:/ Fo(t) — G(¢)dt +/ Fo(t) — G(t)dt
0 p

:/x Fo(t) — G(t)dt
0

>0 since Fo>pmpsG

>0

G’; >mps GO: In order to show that G}; is a mean-preserving spread of GY, it is sufficient to show that

GL. is a mean-preserving spread of G. For x € [0, /) it follows from definition of Gfl and the fact that Fy is a
mean-preserving spread of G. For x € [, p]

x 5 ﬁ x
GL(t)=G(t)dt = [ Fo(t) - G(t)dt +(x = p)G(p™) - [ G(t)dt
[ clo-cwa= [k (- P)G( /p

0 0

ﬁ X
= / Fo(t) — G(H)dt + / G(p™) — G(t)dt
0 p

P X
2/0 Fo(t) — G(t)dt +/ G(p™)—-G(p)dt

p

>0 since Fo>pnmpsG

>0

For x € [p, ) notice that p is defined to be the smallest x > p such that D(x) = 0 thus for any x € [p, p)
D(x) > 0 and thus by definition of D(x) this immediately implies that the majorization constraint is satisfied.
For x € [p, p, 1]

x - P p
[ c0-chia = [ Fuor -G+ - po) - [ Gt - D(p) =0
0 0 p

Thus the majorization constraint binds.
G’ induces higher profits To show profits are higher, again notice that demand is unchanged and again by

definition # > p. Thus profits are higher under G},. A
O

Lemma 11 (Seller Optimal Disclosure Rule (iii)). Any outcome (GP,p) that maximizes profits is such that:
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(iii) GP is such at p the stochastic dominance constraint on G© binds:

/p G(t) - GO(t)dt =0
0

Proof. To show iii) suppose the majorization constraint at p did not bind:

/pqn—c%ﬂm>o

0

then consider the following alternative Gg :

) Glw) ifw<p
Gh@)={G(p7) ifp<w<p
GOw) iff<w<1

By the intermediate value theorem, there exists p € (p), 1] such that
P
/OGQQ—GWﬂw:O
0 P
since
P p
/ Gg(t) - GO(t)dt = / G(t) - GO(t)dt >0
0 0

where the inequality follows by the assumption that the majorization constraint does not bind. For p = 1 we
have

1 p 1 1
Pey_ O _ _ O 5=\ _ 0 _ O _
/0 Gﬁ(t) G®(t)dt /0 G(it)-G (t)dt+/;a G(p7)-G (t)dts/0 G(t)-G"(t)dt =0

where the last equality follows from the fact that G and G© have the same mean. Let /i be the smallest such
value. )
Next we need to show that Gg is admissible.

Gg >yps GO : follows from the definition of p . For x € [0, p] we have,

/ﬁcﬁn—G%wﬁzjwcm—comm>o
o F 0

by assumption. Then for x € [p, j] the inequality holds since f is the smallest value such that the constraint
binds.
For x € [p, 1] we have

x 7 x
P _ ~O _ _ 0 O(yy_ O _
L G (t) - GO(t)dt A G(t) G(mﬁ+é GO(t) - GO(t)dt = 0

=0 by construction of j

To show Fy >mps GS notice that for x € [0, p] this is true since G is admissible:

/0 Fo(t)—Gg(t)dt :/0 Fo(t) - G(t) >0
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For x € [, p]

X . fj X x
ele = - -G~ -
/0 Fo(t) Gﬁ(t)dt /0 Fo(t) — G(t) +/ﬁ Fo(t)-G(p™) > ./0 Fo(t)-G(t) =0

For x € [p, 1] the majorization constraint holds since since Fy > pps GO:

X - P X x
el — _ _ 0 — _ ~0
/0 Fo(t) - Gh(t)dt /0 Fo(t) — G(t)dt + /p Fo(t) — GO (t)dt /0 Fo(t) — GO(t)dt > 0

= 7 Fo(t)-GO(t)dt
by definition of p

Thus GZ (t) is admissible and induces strictly higher profits than G rendering G suboptimal. A

Welfare Outcomes

Proof Lemma 1. Notice that it is sufficient to show that there is some G that is admissible and induces 7. If
there is some G, we can use Theorem 1 to obtain G € G k.
Case 1: m > nir, Consider

Folw) 0<w<cy
G = 1—% (1 fw<(
Go(w) cp<w<l

where ¢1 = F§~ (1 - %) Now c; is defined as the smallest x € [7t, f] such that fol Glw)dw = /01 G(w)dw. To

show G is well defined, I need to show ¢ is well defined.
Take ¢; = cgo

o

1 cf 2 750 1
/ Glw)dw :/ Fo(w)dw + / (1 - —) do + / G%dw
0 0 cfo 2 c2

o 1
:/ GO (w)dw + / GO (w)dw
0 c2

—_———
> [ G5O by admissibility of GO

1 1
2/ G%© = / Fo
0 0
Take ¢ s.t ¢y = (F5 (1 - m))

1 F& (1-n) 1
/ G(w)dw :/ Fo(w)dw + / 1-ndw
0 0 Fy(1-m)

1
< / F()(a))
0
Next I show admissibility of G
Admissibility of G with respect to G°:
x € [0, c1] since G = Fy
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x € [c1, c2] Suppose by contradiction for some x fox Glw)dw < fox GO(w)dw

X X
/ Glw)dw < / G (w)dw
0 0
C1 X T[SO X
/ Fo(w) + / (1 - —) dw < / G (w)dw
0 c1 €2 0
€1 €2 7.[SO c2
since CDFs are increasing:/ Fo(w) + / (1 - c_) dw < / G (w)dw
0 c1 2 0

c1 c2 7_(SO 1 1
/ Fo(a))+/ (1——)da)+/ G° </ GO (w)dw
0 C1 CZ Cc2 0

where the last line is a contradiction to the definition of ¢; and G.
x € [¢a,1] since G = G©

Admissibility of G with respect to G°:

x €[0,c1] since G = Fy

X € [CllCZ]
x c1 X 7Tso x
/ Gw)dw = / Fo(w)dw +/ (1 - —) da)leq/ Fo(w)dw
0 0 c1 €2 0

x € [ca,1] since G = G©

Case 2: T < Tio

Let k; be defined as all w such that1 -2 = GO and 9_GO(x # % so that the slope of GO and the isoprofit
curve is different at k;. Then (k1, k) are all the crossing points of G and the isoprofit curve 1 — Z Now define
G iteratively as follows:

For w € [0, k1] let G(w) = G°(w).

For w € [ki, ki+1] where i is even and so G(w) < 1 -2 let G(w) =1 - Z.

For w € [kiy1, kiy2] where (i + 1) is odd and so G(w) > 1 - Z let

1- % kis1 < w < c(kiv1)
G(w) =1 o
G"(w) c(kiv1) < w < kis

where c(k;4+1) is defined as follows: If fOkM Glw)dw + /kk:2 1-Zdw > /Ok”z GO(w)dw then let c(kis1) = kiso

otherwise let c(k;;1) be defined the smallest w € [k; 1, k2] such that fok”z Glw)dw = /Ok”z GO(w)dw
Take c(ki+1) = ki1

kiv2 ki1 ki m kiv1
/ Glw)dw = / Glw)dw +/ 1-— dw + / GO (w)dw
0 0 ki w ki

Lo 1 5 GOsince we(ki_1,ki]
ki_
Z_/(‘) i-1 Go(w)d(u

kiy2
> / GO (w)dw
0

Where /Oki_l Glw)dw > fOkH GO(w)dw follows from the iterative definition of G(w).
Take c(ki+1) = ki+2.Then by assumption of this case:

kHz ki+1
/ Glw)dw < / G (w)dw
0 0

Therefore c(k;+1) is well defined by the intermediate value theorem.
Next I show admissibility of G(-) wrt to GO.
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Admissibility with respect to G©
For w € [0, k1] since G(w) = G°(w)
For w € [k;, ki+1] we have that

x ki X x
/ Glw)dw = / Glw)dw + / 1-Z dw> / GO(w)dw
0 0 ki w 0

Og; . .
Zfoki_l GO(w)daw >GOsince weki—1,ki]

For w € [kit1, c(kis1)] suppose by contradiction that

'/OXG(a))da) < AxGO(w)dw

ki+1 X e X
/ Glw)dw +/ 1-—dw < / GO (w)dw
0 kin @ 0

> [Fi+1 GO(w)da

Then since for w € [kiy1, kisa] 1 -2 < GO(w) we have:

kis1 kiso n kis2
/ Glw)dw +/ 1-—dw < / GO (w)dw
0 kis1 w 0

But this contradicts the definition of c(k;j1).
For w € [c(kit1), kiz2] we have that

x c(kis1) x x
/ Glw)dw :/ G(w)dw+/ GO (w)dw :/ G (w)dw
0 0 c(ki1) 0

k:
= [ GO (w)dw
by def. of c(k;;1)

Admissibility with respect to Fy

I will show admissibility with respect to Fy by showing that G2© is a mean preserving spread of G.
For w € [0, k1] since G(w) = G°(w).

For w € [k1, k2] since

x kq x p ky X RBO
/ Glw)dw = / GO (w)dw +/ 1-—dw < / GEO(w)dw +/ 1-—
0 0 k1 w 0 kq @w

X
= / GBO(w)dw

0

where the inequality of the first term follows from admissibility of GB°(w) and on the second terms it follows

from the fact that 7© < 7. The last equality holds since the smallest  where 1 — ”% > GO is smaller than
k1.
For w € [ki;1, c(kiz1)] we have that

x ki X
/ Glw)dw = / ] Glw)dw + / 1-Zdo
0 0 kj w

]

B

Now notice that for any k; we have that c(k;) < c(k]BO) sincel -2 <1- ”a—)o

[ ctomo= [ cranas /kvxt@dw [ oo

]
~— ———
< [ GBO(w)daw <(1-237)
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where the inequality on the first term follows by the inductive hypothesis. For w € [c(ki;+1), ki+2] we have

that
x c(kj) x x x
/ G(a))da):/ G(a))da)+/ Go(w)da):/ Go(a))da)S/ GBO(w)
0 0 c(kj) 0 0

This follows by definition of c(k;).
For w € [c(k;), ki+1] we have that

/OXG(w)dw = /Oki G(w)der/kix(L_@dw _ /OXGBO(a))da)

N’
<1 GBO (w)dw <(1—"f,o )

where the inequality on the first term follows by the inductive hypothesis. and the last equality follows
from the fact that 1 — % >1-Z > G(w) since w € [k;, ki41] and therefore GBO =112,

(6]
Case 3: 7w € (nfo, nGO) Consider G(w) defined as follows:

GOow) 0<w<c
G(w)=q{Fo(c2) c1fw<c
Gow) m<w<l1

where c; is defined as the smallest w such that 1 — I = Fo(w) which is well defined since 7 > mtr,. Now let

c1 be defined such that /01 Glw)dw = /01 GO(w)dw. c is well- defined by the intermediate value theorem.
Consider ¢; = (GP)(Fy(cy)). Then:

/Olc(w)dw = /OC] Go(w)dw+/qc2 GO(C1)dw+/CZ1 GO(w)dw < /Olc(a,)da,

where we know that c; = (G°)~(Fy(c2)) < c3 since 1 > 1o and thus G© > (1 - z.
Consider ¢; = 0. Then:

/0 ' Glw)daw = /0 " Folea) + / ' COw)da /O ' Fo(w)do = /0 o

——————
1
/62 Fo(w)dw

Then by the intermediate value theorem c; is well-defined.
Admissibility with respect to G©

x €[0,c1) U [cy,1] since G = G°

x € [c1, c2) Suppose by contradiction that

/0 xG(a))da) < /O xGO(a))da)
/0 ! GO (w)dw + /Cl ) Fo(ca)dw < /0 xGo(a))da)

/O ! GO (w)dw + / : Fo(co)dw < /O ; GO (w)dw

c1

Then we would have:

which contradicts the definition of ¢;
Admissibility with respect to F
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x €[0,c1) U[cp,1] since G = G©

x € [c1,¢2)
1 C2 1 2 1
/ G(a))da):+/ Fo(cz)da)/ Go(a))da)Z/ Fo(a))da)+/ Fo(w)dw

Lemma 2. (i) At p™** the majorization constraint on G° binds
Notice that by admissibility of G it must be that fp 1,,“ Glw)dw < fp
by:

1

max

G°(w)dw Consumer Surplus is given

1 1
w— ") dG(w) = | (1= G(w))d
J. @=pydc = [ .

max max
P

Thus consumer surplus is minimized by letting the majorization constraint on G© bind. To show this I will
first establish that for any G that minimizes consumer surplus for a given level of profits it must be that
p™a¥ > k, where k is the largest x € [0, 1] such that G°(w) =1 — ~. Consider some G such that this is not

the case and let G be defined as

Glw) 0O<w<c
G(w)=1{G(k) k<w<pmx
Go(w) P"*<w<1

where "% is defined as w € [c, 1] such that G(c) =1~ T and c is defined as w € [k, G™(1 — m)] such that
fol Glw)dw = /01 G(w)dw which is well defined by the intermediate value theorem:

Take p™** = k Then we have that
1 k
/ Glw)dw = / Glw)dw
0 0
since G is admissible.

Take p"** = G~ (w)(1 — m). Then we have that

ﬁ”’lﬂx 1

1 1
/0 Glw)dw :/O G(w)dw +/ﬁmu G(p"™ )G (w)dw < /0 Glw)dw

Now we need to show that the G is admissible.

Admissibility with respect to F

For x € [0, p"¥) since G(w) = G(w)

For x € [c, p""¥) we have that [ G(w)dw = [, G(o)dw + J; e GO < [* G(o)dw < [ Fo(w)dw

For x € [p™**,1) we have that fxl Glw)dw = fxl GO(w)dw > fxl Fo(w)dw
Admissibility with respect to G°

x € [0, c] since fox Glw)dw = fox G(w)dw

For x € [c, p™*) Suppose that

/0 x@(w)da) < /0 xGO(a))da)

Cc X X
/ Glw)dw +/ 1- Zdw < / GO (w)dw
0 c w 0

Then since ¢ > k:
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c ﬁmax n ﬁmax
/ G(w)dw +/ 1-—dw < / G (w)dw
0 c w 0

which contradicts the definition of c. For x € [p"%*, 1) we have that fx ' G(w)dw. Thus we know that p™** > k

With this I will show that at p™** the majorization constraint binds. For any G such that this constraint does
not bind, we can find an admissible G that makes the constraint bind. Take some G where at p** we have
that the majorization constraint is slack. Then take:

Glw) 0<w<p™*
G(w) ={1- % pmux <w< ﬁmax
Gow) =p"™*<w<1

where p™?* is defined as w € [p™"*, 1] such that /01 Glw)dw = /01 G(w)dw which is well defined by the
intermediate value theorem:
Take p"** = p™** Then we have that

/01 Glo)dw = /Opm” Glw)dw + /};:M GO(w)dw > /01 G(w)dw

since the majorization constraint of G on G© is slack at p™*.
Take p"** = 1 Then we have that

1 pmax 1 1
/ Gw)dw = / Glw)dw + / 1- Z6%w)dw < / Gw)dw
0 0 pmax @ 0

by definition of the isoprofit curve. All that is left is to show that G is admissible.

Admissibility with respect to F

For x € [0, p"¥) since G(w) = G(w)

For x € [p™*, p"**) we have that fox Glw)dw = /Opmx Glw)dw + /;;M 1-Zdow < /Ox Glw)dw < /Ox Fo(w)dw
For x € [p™**,1) we have that /xl Glw)dw = fxl GO(w)dw > fxl Fo(w)dw

Admissibility with respect to G°

x € [0, p™*¥] since /Ox Glw)dw = /Ox Glw)dw

For x € [p™**, p™*) Suppose that

Hmax 1

1 5 14 e
/ Glw)dw = / 1-—dw + / G (w)dw
x X w pmax

——

[ ——
<G(w
=e) Jymax Glw)dw
1 ~ ~max T 1 1
we have that/x Glw)dw = /xp 1-—dw +/ GO (w)dw < fx Gw(w)dw |
@ pmax
v —_—
<G(w
=@ /ﬁlmux G(w)dw

Proof. By Lemma 2, let p™@ (1) denote the price that induces CS(rt). Let p™ = ¢, where ¢; is defined as the
co of GYE in Theorem 1. Then p™" induces CS(n).
Fix any target CS(m) € [CS(m), CS(m)] and define

a €[0,1] suchthat CS(n)=aCS(n)+ (1 - a)CS(n).
Consider the mixed pricing strategy that sets p™®(r) with probability @ and p™" with probability 1 — a.
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Consumer surplus is linear in the seller’s randomization over prices (it is an expectation over the realized
price), so the induced expected consumer surplus equals

a CS(n) + (1 - a) CS(n) = CS(n).

Hence any level in [CS(m), CS(m)] can be induced. O

Robust Welfare Set

Proof Lemma 4 . Consider yD ~ GP and yo ~ GO where GP is a mean-preserving spread of GO. Then:

uo=E(E (1”1 u)

1
0

where F p|,0 is the conditional distribution of uP given u©. If we think of GO and GP as lotteries with

outcomes u© and p© respectively, then the conditional distribution function tells us how different branches of
the lottery GP are combined into one branch of the lottery G©. Now 7P is the two stage lottery, where the first
stage describes the probability of some posterior P and the second stage describes the probabilities assigned
to different valuations. We can construct 7° from 7 using F up|u0 to ensure that 7P is a mean-preserving

1
qO:,/o quFqDMO

where f,p,0 = fup|,0 - 2(qP | E(gP) = uP) and

spread of 7°. Define g© as follows:

anDmO(')
S whenevert ltnrDl)+ gigo () = hm)_Fquo(t)
—\q
Dj|,,0
fuog lim Fypj o(t) - hm Fypj40(t) otherwise
t—(gP)* qP)-

Let 7(q°) be defined by the posterior mean distribution G°:
7(9°) = g% (1)

such that E(¢q°) = u©'3, where again

acaofg’o’ whenever lim GO(t) = lim GO(t)
WO =4 " F— (O —(0)-

lim GO(t)- lim GO(t) otherwise

t—>(uO)* t—(u0)”

Think of 7© as a four stage lottery, where the first stage is pinned down by G°(u) and the second stage tells
us how we randomize over posterior means P to obtain that u° given by fup|uo, the third stage tells us how
we randomize over all posteriors gP that induce mean pP, precisely t°(q" | E(4P) =
simply corresponds to the posterior gP. Let by construction:

E(q° | 4°) = / qPdt(q" | 4°)

:/quFqquO

:qo

1P) and the last stage

13This is well defined, since by construction of ° there is only one q© with mean p©
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where the last line follows from the construction of 4. The second to last line follows from the fact that each
posterior © induces a different posterior mean u®. Then (P | 4°) = 7(gP | u®) and we can consequently
think of 7(qP | yo) as the three-stage lottery derived from 70 after the realisation of the first stage. The
probability of 4P is then given by the probability that mean uP realises in the second stage given by fupjuo
and the probability that given this mean uP the posterior gP is selected: t2(gP | E(¢qP) = uP), as described
by the third stage. So we have that 72(qP | q©) = fHD”loTD(qD | E(qP) = uP) = fopiq0 A O

Participation Constraint on the Seller

Lemma 12 (Potential Demand Function). The potential demand Dmax(p) that can be generated by information
provision is given by

Dinax(p) = 1 - GO(p) + AGO, p) + / $(4°, p)dt°(gO)
7°€Q,

where

Qqp = {4° € supp(©) | pgo < p and sup(supp(4°)) = p}
and s(q°, p) is the cut-off such that the upper tail mean coincides with p:

1
s(q%,p) = inf{s €(0,1] : Mq(s):p}, My(s) := %/

Fo(u)du.
1-s 1

For any price p, there is no information policy t° such that D(GP, p) > Dmax(p) v

Proof of Lemma 12. Notice that for all types g© such that tgo > p, the purchasing probability under outside

information is 1, and therefore demand from those types is already maximal. Take a type q° such that
g0 < p and the support of q° is such that sup supp(q°) < p. Then such types are not purchasing under
outside information and attach zero probability to having a valuation above the price; thus there is no
information policy that can induce such types to purchase. Next take 4° € Q., we need to show that
s(q°, p) is the maximum probability with which such types can be induced to purchase. Next take 4° € Q.
and fix the price p. Consider the platforms’s problem of choosing an information policy for this type. By
Dworczak and Martini (2019), we can without loss of generality restrict attention to monotone partitional
signal structures. Thus we may focus on partitions that recommend purchase only on an upper interval of
the support of °.

Consider a monotone partition that pools an upper interval [x, 1] and recommends purchase if and only
if the signal corresponding to [x, 1] realizes. Choosing x so that

Elv|velx,1]] =p

induces purchase with probability
a=q%(x,1]) =s(¢°, p).

Now consider any other monotone partition that may induce purchase. If it assigns purchase to an
upper interval strictly larger than [x, 1], then the conditional mean on that interval is strictly below p, so
the buyer will not purchase after that signal. If it assigns purchase to a strictly smaller upper interval, then
the conditional mean exceeds p, but the probability of purchase is strictly below s(q°, p). Allowing for a
finer monotone partition with several purchase-inducing upper intervals cannot do better: merging all such
intervals into their union preserves the overall purchase probability but (weakly) lowers the conditional
mean, so feasibility again requires that the union has measure at most s(q°, p). Hence s(q®, p) is the maximal
probability with which type g© can be induced to purchase at price p. A O

Proof of Lemma 7. 1 first show that 77 is admissible, then show that p>© is incentive compatible for the seller
and lastly show that the suggested policy induces the highest profit.
7P is admissible :

Since 7P is defined as the pushforward of t° under q© — F ;30 (-; ), we can show admissibility by showing
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admissibility of each F {?O. To show this we need to show that for all g© F g0 =z F 50
MPS

For any g© ¢ Q(n), this is immediate since F,o = FZ..
q g0
For any ¢ € Q(n)we have that:
for any x € [0, ¢ (q©, p°©) this is immediate since Foo = Ffo.

for any x € [c (49, p°9, p), we have that

X ¢(4°,p%°) X
/0 FZ]DO (w)dw = ./0 Fpo(w)dw + /C(qO,pso) (1-s (qO,pSO)) dew
SO) x

c(a%p
S/ qu(a))da)+/
0 C(qO/pSO)

X
Foo (c(q9,p°9)) do < /0 Foo(w)dw
for any x € [p,1],

1 1

/x F:?O(a))da) = /x ldw > int}cho(a))da)
p°C is incentive compatible for the seller :
Next, we need to show that the seller does not want to deviate to a price other than p>©. To show this, we
consider the posterior mean distribution induced by 72 and verify that it lies to the left of the isoprofit curve
everywhere. To see this, take @ > p°©. Since we do not reveal any additional information to buyers at such
states, the posterior mean distribution coincides with that under outside information, i.e. GP(w) = G°(w).
Now, by the participation constraint on the seller, the isoprofit curve lies to the left of GO everywhere, so the
seller has no incentive to deviate to a higher price. To show that the seller does not want to deviate to a lower
price, note that the induces posterior mean distribution GP lies to the left of the potential demand function
Dmax(p) everywhere. If GP were somewhere to the right of the potential demand function Dpax(p), then at
that price demand under GP would be higher than under potential demand Diax(p), contradicting Lemma 5.
Hence GP must lie to the left of the potential demand function Dmax(p) everywhere. Since ps O is defined
as the smallest price at which the potential demand function Dpax(p) and the isoprofit curve coincide, for
any p < p°9, potential demand is to the left of the isoprofit curve. Then since for any p < p°Cthe induced
demand function GP is to the left of the potential demand function Dmax(p) and the potential demand
Dmax(p) is to the left of the isoprofit curve, there are no profitable deviations to lower prices.
Profit Maximization :
Notice that in order to maximize profits at a given price, we want to maximize demand. Now by Lemma 12
the above policy maximizes demand at p°© and p°© is chosen as the optimal price under maximal demand.
A O

Theorem 4 (Pareto Frontier). Take 7 € [r©, 50 and let p(rt) be the minimal price such that the isoprofit line

crosses potential demand:
p(m) = min{p e (©,1] : € [Duar(p), Doex()]},  Dinax(p?) = lim Dinax ()

1. Upper Censorship for low expectation buyers.
Choose any measurable Q(1t) C Q<p(r) that is maximal by set inclusion and is such that

_go 0 _n
1-G"p(n)) + AG®, p(n)) +/q€a(n)s(q,p(n)) dt(q) < 00

For each q° € Q(m) implement upper censorship at to pool at p():

F?o(a)), 0<w<c(q° p(n),
Fo(@;m) =31-5(4°,p(m), c(q°,p() < @ < p(n),
1, p(n) < w < 1.

61



where
c(q, p(m) =F5(1-5(¢2°,p(m)),

If the inequality above is strict, pick §© € Q<p(n) \ Q(71) with 7({4°}) > 0 and set

75 = (1= GOp(r0) + MG, p(r) + [ gy 506, PN dx(9))
t{4°}) ’

s'(89, p(n)) =

replacing s(4°, p(n)) by s’(4°, p(r)) in the display above.
2. No revelation to remaining buyers.
For all q° ¢ Q(m) and, if used, q© # §°, keep outside information unchanged: F ;DO = P;JO.

Let t"F (1) be the pushforward of ©° under g© — F fo (; 7). Then % (mt) is admissible, induces profit Tt at price p(r),
and maximizes consumer surplus among all admissible distributions over posteriors that deliver profit .

Proof of Theorem 3. 1 first show that 7P is admissible, then show that p(r) is incentive compatible for the
seller and lastly show that the suggested policy induces the highest consumer surplus given the price.
7P is admissible :

Since P is defined as the pushforward of 7© under g© + F 50 (+; ), we can show admissibility by showing

admissibility of each F 50. To show this we need to show that for all g© F g0 = F 50
MPS

For any q° ¢ Q(nt) and, if used, q© # §°, this is immediate since Fpo = F?o.
For any 4 € Q(n)we have that:
for any x € [0, ¢ (g°, p(m)) this is immediate since Fpo = F?o.

for any x € [c (49, p(n), p), we have that

x c(q.p(m) x
D _ o _ )
/0 qu(a))da)—/o F, (a))da)+/c(q01p(ﬂ)) (1-s(q%, p(n))dw

c(q°,p(m) x x
O
< /0 Foo(w)dw + /C o) Fao (c (9%, p(n)) dw < /0 Fyo(w)dw

for any x € [p,1],
1 1
/ Fg')o(a))da) =/ ldw > int}cho(a))dw
X X

p(m) is incentive compatible for the seller :

Next, we need to show that the seller does not want to deviate to a price other than p(m). To show this, we
consider the posterior mean distribution induced by 7 and verify that it lies to the left of the isoprofit curve
everywhere. To see this, take w > p(m). Since we do not reveal any additional information to buyers at such
states, the posterior mean distribution coincides with that under outside information, i.e. GP(w) = GO (w).
Now, by the participation constraint on the seller, the isoprofit curve lies to the left of G° everywhere, so the
seller has no incentive to deviate to a higher price. To show that the seller does not want to deviate to a lower
price, note that the induces posterior mean distribution GP lies to the left of the potential demand function
Dmax(p) everywhere. If GP were somewhere to the right of the potential demand function Dp,ax(p), then at
that price demand under GP would be higher than under potential demand Diax(p), contradicting Lemma 5.
Hence GP must lie to the left of the potential demand function Dyax(p) everywhere. Since p(r) is defined
as the smallest price at which the potential demand function Dmax(p) and the isoprofit curve coincide, for
any p < p(m), potential demand is to the left of the isoprofit curve. Then since for any p < p(m)the induced
demand function GP is to the left of the potential demand function Dpax(p) and the potential demand
Dmax(p) is to the left of the isoprofit curve, there are no profitable deviations to lower prices.

Consumer Surplus is maximal under 77 :

To see that consumer surplus is maximal under 77, note that by Lemma 5, 7 induces maximal demand at
price p(m). Since p(m) is the minimal price at which the profit level 7= can be attained, and since demand is
weakly decreasing in p (shown in the proof of Proposition 8 below ), the policy 72 induces the maximal

62



amount of demand that is compatible with profit level . Hence, the policy T maximizes demand at a
given profit level 7= and therefore total surplus and consumer surplus. m]

Proof Proposition 8. 1 will show this result by establishing that Dpax(p) is decreasing in p and showing that
p(m) is increasing in 7.
Dmax(p) is decreasing in p:
Recall that
D) = 1-GOp) + AGT, 1+ [ 5(4°,p)e00)

19€Q<y

where

Q.p = {qo e supp(t°) | tgo < pand sup(supp(g®)) = p}
and s(q°, p) is the cut-off such that the upper tail mean coincides with p:

1
50, p) = inf{s € (0,1] : Mq(s):p}, M, (s) = %/

Fo(u)du.
1-s 1

Potential demand is decreasing in p since for each q© the demand that can be generated from such a type is
decreasing in p. To see this,take p> > py.

Then for q© such that g0 = p2, q° purchases with probability 1 under both prices so demand is already
maximal under outside information.

For q© such that g0 € [p1, p2), sup(su pp(g°)) > pa, q° purchases with probability 1 under p; while under
p2 potential demand is given by s(g°, p2) < 1.

Take go such that p,o < p1 and sup(supp(q°)) < p1. Then p, > p; since we have Hgo < p2 and
sup(supp(q°)) < pa. Thus no demand can be generate from such types under p; and ps.

Take qo € Q<p, UQ<p,. We need to show that s(qo, p1) > s(qo, p2); the additional demand that can be
generated from such a type is decreasing in prices. By standard properties of quantile functions, the
upper-tail mean M,(s) = 1 /11—5 F;_O (u) du is strictly decreasing in s, so its inverse p +— s(q°, p) is strictly
decreasing in p.

p(m) is increasing in 7

Recall the definition of 7t € [©, °©]

P(”) = min{P € (0/ 1] : % € [Dmax(p_)r Dmax(P)]}/ Dmax(p_) = 1;%)1 Dmax(x)-

First consider the case where p(7t) coincides with a mass point of Dmax(p):
T
p(n)

Then p(m) is locally constant in 7= Next consider the case where p(71) is such that % = Dmax(p(71)). Then

Dmax(p_) < < Dmax(p)

by definition of p(m;) we have that for all
T
p < P(ﬂl) ?1 > Dmax(p)

Take 1o > 711.
’ 1 p < p(n) m-nm > EDmax(p) > Dmax(p)
p 1 p 71

. T . . e ey .. . .
since 72 > 1 So no price p < p(m1) satisfies the condition for 71 > 111. Thus we have that p(m) is increasing in

7. Then since Dmax(p) is decreasing in p and p(n) is increasing in @ we have that Dmax (p(7)) is decreasing
in 7. A O
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