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Strategic Incentives and the Optimal Sale of

Information

Rosina Rodriguez Olivera*

Abstract

I consider a model in which a monopolist data-seller offers information to privately
informed data-buyers who play a game of incomplete information. I characterize the
data-seller’s optimal menu, which screens between two types of data-buyers. Data-
buyers’ preferences for information cannot generally be ordered across types. I show
that the nature of data-buyers’ preferences for information allows the data-seller to
extract all surplus. In particular, the data-seller offers a perfectly informative exper-
iment to the data-buyer with highest willingness to pay and a partially informative
experiment, which makes the data-buyer with the highest willingness to pay for perfect
information indifferent between both experiments. I also show that the features of the
optimal menu are determined by the interaction between data-buyers’ strategic incen-
tives and the correlation of their private information. Namely, the data-seller offers two
informative experiments even when data-buyers would choose the same action without
supplemental information if data-buyers: i) have coordination incentives and their pri-
vate information is negatively correlated or ii) have anti-coordination incentives and

their private information is positively correlated.
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The presence of firms who collect, aggregate, and sell information allows agents to sup-
plement their private information and improve their decision making. Agents who buy
information, data-buyers, then generally interact with each other in a market. For instance,
firms acquire information about demand to guide their entry decisions and compete with
others. Similarly, investors purchase information about the profitability of investments to
choose whether or not to invest and may have incentives to coordinate. Since individual
information decisions affect equilibrium outcomes, demand for information and therefore
the optimal information offering of a data-seller depend on the strategic incentives between

data-buyers.

In this paper, I analyze the direct sale of supplemental information in a stylized game
of incomplete information. A data-seller owns a database containing information about a
binary payoff-relevant state. The data-seller offers information to two privately informed
data-buyers who play a two-stage game of incomplete information. In the information stage,
data-buyers can simultaneously acquire supplemental information to reduce their uncertainty
about the state. In the action stage, each data-buyer simultaneously selects an action from a
binary set to maximize her expected payoff. The key feature is that the existence of private
information makes the data-seller uncertain about demand for information and interacts
with the strategic incentives of data-buyers, who must make inferences about the private

information of others.

The model is motivated by applications such as the sale of information on debt moni-
toring by credit bureaus, which sell information on the credit worthiness of consumers and
businesses to prospective lenders. An important consideration is that the information pro-
vided by such data-sellers is typically hard to gather and highly sensitive, so they have
incentives to retain control of it by restricting access, for example to clients with a “per-
missable purpose" like banks. Moreover, in practice, it is often only feasible for data-sellers
to condition pricing on their information offering, such as access to different versions of
their database.! Accordingly, I assume that the data-seller is restricted to offering menus
of information structures in which an item from the menu is self-selected by data-buyers,
without requiring them to truthfully report their private information. Furthermore, I focus
on a setting where data-buyers’ information acquisition decisions are unobservable to other

data-buyers, signal realizations from the data acquisition are private as well as conditionally

!Even if it is feasible to condition pricing on additional features such as another data-buyers’ reports or
their actions, such coordination would risk going against antitrust laws when data-buyers compete down-

stream.



independent, and only the information structure itself is contractible. These restrictions
allow me to answer the following questions by isolating the impact of strategic incentives on
optimal information provision in a restrictive but realistic class of mechanism. First, what
is the data-seller’s optimal menu of information offerings with multiple privately informed
data-buyers? Second, how does it depend on the strategic incentives of data-buyers and the

correlation between their private information?

Data-buyers’ willingness to purchase supplemental information from the data-seller is
determined by the precision and correlation of their private information, as well as strate-
gic incentives in the action stage. The precision of private information determines overall
demand for supplemental information, while its correlation impacts beliefs about the infor-
mation observed by others, and therefore willingness to pay for information based on strategic
incentives in the action stage. Data-buyers have coordination incentives (anti-coordination
incentives) if the expected gain of choosing an action increases (decreases) in the probability
that the other data-buyer chooses the same action. Accordingly, with coordination incen-
tives (anti-coordination incentives), the willingness to pay of a data-buyer for information

increases (decreases) in the precision of the information observed by others.

Data-buyers’ private information induces two possible interim beliefs, interpreted as their
type. When the state is also binary, types are one-dimensional and characterized by the prob-
ability that they assign to a given state. The “high type” is defined as the one that attaches a
higher value to the fully informative experiment. I restrict attention to settings in which the
value of information increases in its precision, so that the fully informative experiment is also
the most valuable. The data-seller designs a personalized menu of Blackwell experiments
and prices to screen data-buyer types, distorting the information provided to the low type

in order to charge higher prices to the high type.

The optimal menu satisfies two standard properties of the screening literature: “no dis-
tortion at the top” and “no rent at the bottom”. However, the data-seller can also extract
all surplus from the high type. The full surplus extraction result arises from the nature
of data-buyers’ preferences for information. Since information is valuable to a data-buyer
if and only if it affects their choice, data-buyer preferences for information depend on its
precision (quality) and what the information is about (position). In fact, different types
value information differently and may disagree on the ranking of partially informative ex-
periments, implying that willingness to pay for information cannot be ordered across types.
The data-seller captures all surplus by selecting the position of the information provided to

the low type such that the high type is indifferent between both experiments.



Furthermore, the optimal menu is symmetric if the asymmetry of payoffs is sufficiently
small. Otherwise, the data-seller offers no information to one data-buyer and a menu of
information offerings to a single data-buyer. The main features of the optimal symmetric
menu are as follows. The optimal menu contains the perfectly informative experiment offered
to the high type and a concentrated experiment designed for the low type. The complete
characterization of the information offered to the low type is determined by the distribution of
data-buyer types and strategic incentives in the action stage. Consistent with previous work,
if data-buyer types would take different actions without supplemental information (non-
congruent beliefs), their preferences over partially informative experiments are not aligned
(Bergemann et al., 2018). Accordingly, the data-seller offers partial information to the low
type without attracting the high type. In contrast with previous work, if data-buyer types
would choose the same action without supplemental information (congruent beliefs), I show
that the data-seller still offers partial information to the low type when: (i) data-buyers
have coordination incentives in the action stage and their private information is negatively
correlated, or (ii) data-buyers have anti-coordination incentives and their private information
is positively correlated. Further, for both congruent and non-congruent beliefs, I show that
the quantitative properties of the optimal menu are determined by the interaction between

strategic incentives and the correlation of private information.

Intuitively, the data-seller offers partial information to the low type when beliefs are con-
gruent whenever the interaction between strategic incentives and the correlation of private
information increases the demand for information for the low type. When private informa-
tion is negatively correlated, data-buyers assign a higher probability to observing different
private information. Hence, demand for supplemental information increases for the low type
when data-buyers have coordination incentives, since it increases the correlation between
their action choices. Similarly, when their private information is positively correlated and
they have anti-coordination incentives, acquiring conditionally independent information is

valuable, because it allows them to reduce the correlation between their actions.

These results highlight that the interaction between strategic incentives and the correla-
tion of private information determines the features of the optimal menu. This interaction can
relax the incentive compatibility constraints and expand the opportunity of the data-seller to
serve both segments of the market, increasing profits. My results emphasize the importance
of considering strategic interactions when designing information offerings, given that data-
buyers generally interact with others. They also extend to a setting with N data-buyers in

which payoffs depend on whether they match the state and the choice of the majority and



to a setting in which the nature of coordination incentives are state-dependent. Lastly, I
discuss the effect of allowing correlated signal realizations and a continuum of types on the

optimal information provision.

Overall, my results highlight the importance of considering a setting in which multiple
data-buyers interact, not only because of strategic incentives and the correlation of private
information, but also because optimal information provision can depend on the distribution

of buyer types in a market and the correlation between their signal realizations.

This paper contributes to the literature on information design in games with privately
informed players and to the literature on selling information. In contrast to information
design papers in which players have common priors (Taneva (2019), Mathevet et al. (2020)),
I consider the role of private information in determining the seller’s optimal information
offering. Data-buyers can have heterogeneous previous experiences which provide private
information about the state, affecting their demand for information and incentives for the
data-seller to offer information. Within the information acquisition literature, previous work
also studies information acquisition with multiple receivers who engage in strategic interac-
tions, but have no initial private information (Admati and Pfleiderer (1986), Admati and
Pfleiderer (1990), Hellwig and Veldkamp (2009), Myatt and Wallace (2011), Yang (2015),
Amir and Lazzati (2016) and Kastl et al. (2018)). My results highlight that adding private

information to these models has key implications for the optimal sale of information.

In relationship to the literature on information selling with private information, this
paper is most closely related to Bergemann et al. (2018), Bonatti et al. (2022) and Bonatti
et al. (2023). Bergemann et al. (2018) studies the design and ex-ante pricing of Blackwell
experiments for a single privately informed receiver. In contrast, I consider a setting with
multiple data-buyers, allowing me to study how the interplay between private information
and strategic interactions affects the optimal information offering. I show that the structure
of the optimal menu bears resemblance with the single agent case. However, the features
of the optimal menu are determined by the interaction between the strategic incentives of
data-buyers and the correlation of their private information. In particular, this interaction
relaxes the incentive-compatibility constraints of data-buyers in comparison to the single
agent case and allows the data-seller to offer at least partial information to both data-
buyer types even when they have congruent beliefs. Furthermore, my analysis sheds light
on the precise conditions under which some results from the single-buyer case extend to
an analysis with multiple buyers. For example, previous results for a continuum of buyer

types do not generalize to a setting with multiple buyers.Lastly, some of my analyses focus



on other features that are inherently absent from a setting with a single buyer, such as
correlation between signal realizations acquired by different buyers, but are relevant for a
number of applications. Bonatti et al. (2022) also studies optimal mechanisms for a class
of games with binary actions and states. In their setting, buyers’ private types capture
their marginal valuations and reveal nothing about the state of the world. In contrast,
in my paper, buyers’ types correspond to the realization of privately observed exogenous
information about the state. Bonatti et al. (2023) analyzes symmetric games with quadratic
payoffs, including both games of strategic substitutes and complements and fully characterize
the optimal Gaussian mechanisms. As such, they restrict attention to linear-quadratic setting

with Gaussian signals, but in a model with non-binary state and actions.

It is also related to Bergemann and Bonatti (2015), which studies a setting in which the
data-seller engages in ex-post pricing and offers signal realizations instead. Es6 and Szentes
(2007) and Li and Shi (2017) also consider settings in which the data-seller engages in ex-post
pricing, but in multi-player settings in which data-buyers’ actions are contractible. Instead,
I restrict attention to ex-ante pricing in which actions are not contractible. Kolotilin et al.
(2017), Krihmer (2020), Candogan and Strack (2021), Segura-Rodriguez (2021), Yamashita
and Zhu (2021) and Zhu (2021) consider a designer who selects a mechanism to provide
supplemental information to multiple privately informed agent(s) based on their reported
types. In contrast, I analyze a different contracting protocol in which prices are contingent
only on the information itself and not the agents’ actions nor the state. In this context, type-
contingent information disclosure allows the data-seller to screen the data-buyers’ types and
increase its revenue. The assumptions I make about the contracting environment allow me
to study the interaction of private information and strategic incentives in a similar setting
to how information is sold in some key practical applications.? Lastly, Yang (2022) also
characterizes the revenue-maximizing mechanism for data-seller who sells information, but
this information is about consumer’s preferences and sold to a privately informed producer.
The producer is the unique data-buyer in this setting and it is privately informed of their
costs, such that its private information is an inherent part of its preferences. In my setting,
I characterize the revenue-maximizing menu of Blackwell experiments when data-buyers are

privately informed about their prior belief about the state.

The remainder of the paper is organized as follows: Section 1 outlines the model, Section

2As discussed in Bergemann and Bonatti (2019), settings in which the price of information is only con-
tingent on the information itself (and not its realization) captures more appropriately information products
such as data appends, whereas settings in which the information is also contingent in actions and/or signal

realizations represent information products such as marketing lists.



2 derives preliminary results, Section 3 characterizes the optimal menu, Section 4 discusses
an application of my model and results, Section 5 studies extensions, including the case of
N data-buyers, correlated signals, state-dependent coordination incentives and continuous

types. Lastly, Section 7 concludes.

1 Model

Consider a setting with two data-buyers and one data-seller. Data-buyers play a game of
incomplete information, where ¢ indexes a generic data-buyer and j denotes the other. The
payoff-relevant state w is drawn from a binary set 2 = {wy,ws}. Each data-buyer is privately
informed about the state and attaches probability 6 € {0,605} to state wy. The correlation
between data-buyers’ private information is characterized by p and v, where p € (0,1)
represents the probability that both data-buyers attach probability 04 to state w;, whereas
v e (0, %) represents the probability that data-buyers attach different probabilities to state

wi.® The joint distribution of data-buyers’ private information is displayed in Table 1.

Data-buyer j’s type
0r, Ou
Data-buyer ¢’s type | 6, | 1 —2v —p

HH 14

Table 1: Joint distribution of private information.

The game has two stages: the information stage and the action stage. In the information
stage, before the state w is realized, the data-seller offers a personalized menu of Blackwell
experiments about the state and prices to the data-buyers.* After the state w is realized,
each data-buyer observes her private information and data-buyers simultaneously decide
whether or not to purchase a Blackwell experiment from the menu and if so, which one
to acquire. If a data-buyer purchases information, she observes a private signal realization

and updates her belief accordingly. Data-buyers don’t observe each others’ choices from

3This can be interpreted as data-buyers sharing a common prior and privately observing either good or
bad news about the likelihood of state wy. Let g = P(w = wy) be their common prior and assume they
observe a conditionally independent signal sg € {s{, s} where P(s = s}|w = wi) = px with k € {1,2}. Then,
p=po(l—p1)*+ (1= po)(l— p2)? and v = pio(1 — pur)pn + (1 = o) (1 — 2 ) -

4A Blackwell experiment provides information about the state, but not about the private information of
the other data-buyer.



the menu.’ In the action stage, each data-buyer simultaneously selects her action from the
binary set A = {ay, as} to maximize her expected payoff conditional on her signal realization.
The payoffs v : A x Q — R, defined in Table 2, are symmetric and characterized by ¢ > 0.

W = W1 aq a9 W = Wy aq a9
aq 1,1 ¢0 aq 0,01 0,c
ao 0,c 0,0 Qo c,0 1,1

Table 2: Action stage payoffs.

Under these assumptions, it is an ex-post dominant strategy for each data-buyer to match
the state w. The payoff parameter ¢ determines a data-buyer’s preference over the action of
the other data-buyer. In particular, data-buyer i prefers when j selects the same action (a
different action) when ¢ < 1 (¢ > 1). Formally, data-buyers are said to have coordination
(anti-coordination) incentives if the expected gain of choosing an action increases (decreases)
in the probability that the other data-buyer chooses the same action. That is, data-buyers
have coordination incentives if ¢ < 1 and anti-coordination incentives if ¢ > 1.” Note that

the (anti-)coordination incentives are stronger the father away ¢ is from ¢ = 1.

Experiments. An individual experiment E = (5™ {7"(-|w)},eq) provides data-buyer
i € {1,2} with information about the state w and consists of a finite set of signal realizations

s)"" € §™ and a family of conditional distributions 7% where

ms X

W(Z':‘k’i = P(s]"" |wr), 7% >0 and ZWM =

®Data-buyer i’s deviations in information choices are unobservable, implying that action and information
choices are strategically simultaneous.
6Any 2 x 2 symmetric game across players and state in which players strictly prefer to match the state

can be normalized in this manner.
"Let I; be data-buyer i’s information set. Define o) as the probability that i assigns to j selecting a;

conditional on state wy and I;. Data-buyer i’s expected gain of choosing action a; instead of as conditional
on her information set I;, AU;, is given by

AU1 —IP’(w = W1|I )[01 + (]. - 0'1) } (1 - ]P’(w = W1|Il)) [JQC+ (]. — 0'2)}

where aAU

=2 > (0 if and only if ¢ < 1 for all k. That is, i’s expected gain from selecting action a; instead of
as increases in the probability of j choosing action a; if and only if ¢ < 1. Analogously, i’s gain of choosing
as instead of a; increases in the probability that j chooses as if and only if ¢ < 1. See Taneva (2019) for

more details.



with L™ = |S™|. Denote by & the set of feasible experiments for data-buyer i. The seller’s
cost of providing information is zero.
An experiment E™ can be represented by a stochastic matrix in which each column

represents a state and each row a signal realization, as in Table 3.

w1 w2
m,t m,i m,i
S1 T 1 Ty 9
m,i m,i m,i
89 To.1 To2
m,i m,i m,i
st 7TLm,i 1 WLmvi 2

Table 3: Matrix representation of experiment E™.

Assume that the realizations of data-buyers’ private information and the realization of
the signal s; € S™ from any experiment E™ are independent conditional on the state w.
Moreover, assume that signal realizations between data-buyers are conditionally indepen-
dent. The first assumption implies that the value of an experiment is determined by a
data-buyer’s private information, its correlation with the private information observed by
others, and the nature of the strategic incentives. It also implies that the value of an ex-
periment can be derived independently of its price. The second assumption rules out that
signals can be used as a coordination device, except through their correlation with the state.

As such, data-buyers attach no value to the uninformative experiment.

Data-seller’s strategy space. The data-seller offers a menu of individual Blackwell ex-
periments and prices with arbitrarily informative signals. Let M = (M;, M3) denote the
menu of experiments offered by the data-seller. The menu M; = (EJ", {"),,c1 s offered
to data-buyer ¢ € {1, 2}, where experiment E" € &; is offered to data-buyer i type 6; at price
t™ € R and M is the number of experiments included in the menu with m € {1,2.., M}.
Only the experiment itself is contractible, not its realization, the realized state, or the data-
buyers’ actions. Formally, a strategy for the data-seller is a menu M = (M, Ms), where
M; = (Em tmM_ ¢ e R and EM™ € &;.

i Ui )m=1> b
Data-buyer’s strategy space. FEach data-buyer ¢ of type 6 decides whether to supple-
ment her private information. Let 1y € {0,1,..., M} denote data-buyer i’s information
acquisition decision, where ;9 = 0 represents the case in which ¢ doesn’t acquire supplemen-
tal information and ¢;9 = m the case in which ¢ acquires experiment E[". Conditional on

all her information, data-buyer i chooses an action from the set {a;,as}. Formally, a pure

9



strategy for data-buyer i of type 6 consists of a pair (19, a;p) where 159 € {0,1,..., M} and
g = (i, S0 — {ay, GQ})%ZO.
Solution concept. The solution concept is the data-seller’s preferred perfect extended
Bayesian equilibrium.® An equilibrium is an extended assessment satisfying consistency of
beliefs, Bayesian updating, and sequential rationality in each information set. That is, con-
ditional on a menu and information choices, each data-buyer i’s action choice maximizes her
expected payoff. Given a menu, data-buyer ¢’s information choice maximizes the difference
between her expected payoff in the action state and the price of information. Lastly, the op-
timal menu for the data-seller is the one that maximizes their expected profits, anticipating
data-buyers’ equilibrium choices given the equilibrium selection. In this context, the data-
seller has the ability to design any statistical experiment for each profile of data-buyer types
taking into account that information is an input into the data-buyers’ strategic interaction
which is beyond her control.

Definition 1 A strategy profile (1*,a*), a menu M* and a belief system p form an equilib-
rium if:
i) (5, a*) and M* satisfy sequential rationality. That is:
(a) Given M,

E[UiG(L7 Oé*)] Z E[UiG(La (O{;, a*—z))] (1)
for all o and v € {0, ..., M}* and
tip € argmax E[Uip((ig,t2;), ")) — t; (2)
Lige{o,...,M}

where expectations are taken over the state w, the private information of the other
data-buyer, and her choices.

(b) Let E(M) be the set of equilibria in the ensuing game after menu M is offered and
denote by e(M) = (", a*, 1) a typical element of E(M). A menu M* is optimal
if is the solution to

max —max Z Z Z P(0; = 0)P(t;y = mle(M)) -t (e(M)).

M e(M)EEM) ie{1,2} €0 m=1

8This definition is equivalent to weak Perfect Bayesian Equilibrium with the additional assumption that
data-buyers do not update their beliefs about the state after observing a deviant menu. Since the data-seller
chooses a menu before the state is realized, strategic independence only requires this additional constraint.
See Battigalli (1996) or Watson (2016) for details.

10



ii) p satisfies extended Bayesian updating.
iii) p satisfies strategic independence: data-buyers don't infer anything about the state if the

data-seller offers a deviant menu.

The value of information. The expected value of experiment E" is defined as the
marginal value of information, which corresponds to the difference in expected equilibrium
payoffs with and without observing experiment E/" while fixing the equilibrium information
acquisition of others. Denote by Vi (E!™; 0) data-buyer i’s expected value of experiment E"
when her interim belief is ¢ and the data-seller offers menu M. Formally,

V(BT 0) = E[Uig((m, 12;), *)] = E[Uip((0, 2;), "))

The value of experiment £[" for an individual data-buyer depends on her private information,
her belief about the private information of others, strategic incentives in the action stage,
and the menu. It is determined by the probability of matching the state, the probability
of matching the action of the other data-buyer, and the payoff structure. The likelihood of
matching the state depends on i’s private information, but is independent of the information
acquisition decision of the other data-buyer. In contrast, the likelihood of matching data-
buyer j’s action depends on j’s private information. Lastly, the strategic environment in the

action stage determines the preferences of data-buyers over equilibrium outcomes.

Let E denote the perfectly informative experiment. The high type 6y is defined as the
type that assigns higher value to E. That is, V(E, 0g) > Vi (E, 01). For example, if ¢ = 1,
data-buyers prefer action ay, if they assign a higher probability to state wy for k € {1,2} and
they are indifferent between actions a; and as if they assign equal probability to each state.

In this case, the high type is the type closest to the cutoff %, as illustrated in Figure 1.

Lemma 1 provides a formal characterization of the high type 0y. It states that the defi-
nition of the high type requires her to be sufficiently uncertain about the state in comparison

to the low type.

Lemma 1 Consider two types (01,02). Fiz 6, and let é(c, 01) be the data-buyer type that is
initially indifferent between selecting action ai and ay. If Oy > é(c, 0,), there exists O(c,0,)
such that Viy(E,05) > Va(E, 01) if and only if 05 < 0(c, 01). Similarly, if 05 < 0(c, 6), there
exists 0y (c,01) such that Va(E,0;) > Vi (E,0,) if and only if 6, > 0(c,6,). In both cases,
we call 05 the high type and 01 the low type. Otherwise, 05 is called the low type and 01 the
high type.

11
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(b) Distribution in which types choose different actions

Figure 1: Example of high (red) and low (blue) types for ¢ = 1.

Figure 1 illustrates Lemma 1 for the case where ¢ = 1. In both panels, é(c, 0,) = %, 0y =
O > % and 0, = 0. In panel a), 6(1,6,) = 6, whereas in panel b), (1,60,) = 1 —6,. Assume
without loss of generality that the high type 0y chooses action a; without supplemental

information.

2 Preliminary results

2.1 Simplifications

The data-seller’s problem can be simplified along two dimensions using two well-known
results. First, the revelation principle of mechanism design implies that it is without loss
of generality to focus on direct mechanisms in which the data-seller assigns one experiment
to each data-buyer type 6. Second, the revelation principle of games of communication
(Myerson, 1982) implies that it is without loss of generality to focus on experiments in which
signals act as action recommendations . These two results imply that I can restrict attention
to menus M, with at most two elements (M < 2) for data-buyer ¢ and experiments with

two possible signal realizations (S™" = {s1, s5} for all m and 7).

Lemma 2 shows that the outcome of every menu can be attained by a direct menu which
includes at most two elements for each data-buyer 7. That is, the data-seller offers a menu

which includes at most two experiments for each data-buyer i.

Lemma 2 Let M? := {(E", t7)meq1,. vy M <2 for all i € {1,2}} be the class of menus

which include at most two experiments for each data-buyer v. Then, for any outcome that is

attainable by any menu M, there erists a menu M' € M? that attains the same outcome.

12



Given any direct menu M, an experiment E" with private signals is responsive if every
signal s € S leads to a different action choice for data-buyer 7 of type 6. A direct menu M
is responsive if every experiment B € M, is responsive for all 7. Lemma 3 shows that it
is without loss of generality to focus on menus in which the cardinality of the signal space
equals the cardinality of the action space. I refer to these menus as responsive. Lemma 3

shows that the outcome of every direct menu can be attained by a responsive menu.

Lemma 3 Let the class of responsive direct menus be

= {(B" /) meqr.my : S™ = {s1,82} for allm € {L,H} and i € {1,2}}.

Then, for any outcome that is attainable by any menu M € M2, there exists an alternative

menu M’ € M>? that attains the same outcome.

Lemma 3 generalizes Proposition 1 from Bergemann et al. (2018) to a setting with multiple
data-buyers. This result relies on two main assumptions: signals are private and information
acquisition decisions are unobservable. This ensures that a change in the set of signals
observed by one data-buyer has no effect on the other data-buyer’s action choice. Hence,
it is without loss of generality to consider S™' = {s;,s,} and 7™ : Q — [0,1]? for all
m € {1,..., M} and i € {1,2}. Then, an experiment E!" can be represented by the following

matrix:
s/w Wy Wy
m, 7 m, 7
51 m 1— 7T2
™y
sy | 1—m)" o

where (77", 7)"") € [0,1]? for all m € {1,..., M} and i. Given that signals act as action
recommendations, after observing signal sj, data-buyer ¢ must be willing to choose action
a, when j follows her action recommendation if she chooses to acquire supplemental infor-

mation. That is, if 7 acquires experiment n and j acquires experiment m, then

O a7 + (1 — )] > (1 —6;)(1 — 7y [(1 — 75" )e + 75'] and
(1= 6)my (1 = w7 e+ 3] > 61— m )™ + (1= 7" )e]

Also, without loss of generality let the likelihood of observing signal s; is higher conditional

on state w; than wy compared to s, for all i.

Assumption 1

P(s = s1|wy) S P(s = sa|w) - ﬂ-in,i N 1 — W;n,z' oy i ]
P(s = si|ws) = P(s = salws) 1 — 70 = g 1 5 2
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These results generalize the ones from Bergemann et al. (2018) from a decision problem
to a game setting and are intuitively related to Myerson (1982) and Taneva (2019). In
particular, Taneva (2019) studies how to derive optimal information structures in static
finite environments in which agents share a common prior and shows that it is without loss
of generality to restrict attention to direct information structures, in which signals act as
action recommendations. Lemma 3 extends this intuition to a setting in which agents have
private information. As a result, the designer can design a menu of information offerings

which screens for this private information.

2.2 The value of experiments

In this section, I derive a closed form expression for the value of experiments.” Assume
that data-buyer j type 6; follows her equilibrium strategy, and denote by m her experiment
choice. Since signals act as action recommendations, data-buyer j type 6; conditions her
action choice on the realized signal and selects action a; after observing signal s;.!° The
value of experiment £ compares data-buyer ¢’s expected equilibrium payoff across two cases:

i) she acquires experiment E! and selects action ay after observing signal sy,

ii) she acquires no supplemental information and selects either action a; or as.
In both cases, j follows her equilibrium strategy, acquiring experiment E7" and selecting
action ay after observing signal s.

Define v (E?, 0;; m) as data-buyer i’s expected gain of acquiring experiment E" if, without

information, she would choose action a; while j plays her equilibrium strategy. Data-buyer i’s
expected gain of acquiring information when choosing action as and a; without supplemental

information followed by action a; after observing signal s, respectively, are given by:

P(w=w2)P(s*=s51 |w=w2)[P(s7 =51 |w=w2)c+P(sI =s2|w=w2)]

la ~N

vo(ET, 6;;m) = Qm?’i [ﬂ{n’j + (1 — ﬁn’j) c} —(1-106,) (1 — w;”) [(1 — wg’”"j) c+ W?’j} and

J

P(w=w1)P(s'=s1 |w=w1 ) [P(s7 =51 |w=w1 ) +P(s7 =s2|w=w1)c]

v (B, 0;;m) = (1 — Qi)wg’i [(1 — wg”’j) c+ w;””] — 0, (1 — 7r1m) [ﬁn’j + (1 — Wi”’j) c] )

That is, vi(E!, 0;;m) is the difference between the data-buyer’s expected gain in state wj,

and her expected loss in state wy after observing signal s). Then, data-buyer i’s value of

A data-buyer values an experiment if and only if she conditions her choice on the signal realization, such

that signals act as action recommendations.
10Consistency of beliefs implies that P(¢; = m|0;) = 1 and P(a; = agl0j,t; =m, s’ =s,) =1V k € {1,2}.
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experiment £ when the data-seller offers the menu M is given by:
m@&@:mw%,Z:M@ﬂmwmﬂwwmmwmmumMz%}
me{L,H}

Combined with the definition of data-buyer types, I characterize the support of feasible

distributions of data-buyer types according to Lemma 4.

Lemma 4 Assume without loss of generality that the high type Oy chooses action a; without

supplemental information. Then, for all ¢ > 0, the distribution of buyer-types satisfies

0, > '{ 1 C}
min
H = l+c 1+t

. . 1 c
i) 0 > mln{Hc, T
mation.

i) 0r, < max{

} and Oy < 0p, when 0, also chooses a; without supplemental infor-

1%6, 1%0} and 0;, < 0y <1 — 0, otherwise.

2.3 The data-seller’s problem

Denote by EF and E! the experiment that the data-seller designs for data-buyer i type 0y,
and for 0y, respectively. The presence of private information implies that the data-seller
is uncertain about demand for experiments and must screen data-buyer types.!'! The data-
seller’s problem is then to design a menu of experiments to maximize expected transfers

subject to data-buyers’ incentive-compatibility and participation constraints.'? That is:

max (L—v—p)ty +t5)+ (p+ )t +t5)

(E™ ) (myi)e{L,H} x {1,2}

subject to the participation constraints
IRy - VMm(EF,00) =t >0, IRy : Vp(E!,0n) =t >0
and the incentive-compatibility constraints

ICL; : Vm(E!,01) =t > V(B 01) — t]
ICh;  Vm(EX 05) —t! > Vi (EE, 0) — tF

T data-buyers have no private information, the data-seller faces no uncertainty about the demand for
experiments and finds it optimal to offer perfect information priced at the willingness to pay of the data-

buyer.
I2Payments are conditional only on the information product itself and not on the types of other data-

buyers. This assumption rules out the use of the Cremer-McLean condition (Crémer and McLean, 1988).
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for all + € {1,2}, where data-buyer i’s value of experiment E] when the data-seller offers
the menu M.

I restrict the data-seller to a menu mechanism. Every data-buyer simple selects an
experiment, the informativeness and the transfer of her experiments doesn’t depend on the
choices of the other data-buyer. This restriction is inline with the motivating applications.
Buyers of credit worthiness, for example, can choose the level of detail of the report they
purchase, but the information and prices are independent of the purchasing behavior of
other firms. From a technical point of view, this restriction rules out the use of Crémer and

McLean (1988) and Kriahmer (2020) mechanisms for full surplus extraction.

Benchmark: No private information. Consider as a benchmark the case in which
data-buyers have no private information about the state, i.e., 8, = 0y = 6. In this case, the
data-seller’s problem is to maximize her expected profits by selecting an experiment F; for

data-buyer 7 subject to the participation constraints. Specifically, it is given by

max (tl -+ tg) s.t. V(Ez,e) - tl Z 0
(Biti)ieq1,2}

where

max{0, (1 — 0)74(c(1 — 7)) +73) — 0(1 — 7)) (c(1 — 7)) + 7))} if im0 = a1

V(E;,0) = _ _ )
max{0, 0 (c(1 — wd) +7]) — (1 = 0)(1 = m)(e(l — m) + 1)} if Qgm0 = a2

In both cases, it is optimal for the data-seller to set t; = V(E;,0) and that the optimal

experiments F; and E, depend on the value of ¢. In particular, when ¢ < 2, it is optimal

for the data-seller to offer the same information to both data-buyers and to offer perfect

information. In contrast, when ¢ > 2, it is optimal for the data-seller to offer personalized

information and offer perfect information to one data-buyer and no information to the other.

Benchmark menus. Consider a set of four benchmark feasible menus which trivially
satisfy the participation and incentive-compatibility constraints of the data-seller’s problem
while only including either full or no information. Lemma 5 shows that all of these menus
guarantee the data-seller a strictly positive profit, providing a lower-bound on the profits
achievable by an optimal menu.

Formally, let E and E denote the fully informative and uninformative experiment, re-
spectively. There are four menus that satisfy all participation and incentive-compatibility

constraints and allow the data-seller to obtain strictly positive profits. These menus are:
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1. M' given by EF = E and t¥ = V1 (E,0;) for all i € {1,2} and k € {L, H}. That is,
the data-seller can offer only the perfectly informative experiment to both data-buyers
at a fixed price equal to the low type’s willingness to pay.

2. M?given by Eff = E, EF = E, tt =0 and t!! = V,2(E,0y) for all i € {1,2}. That
is, the data-seller can offer the same menu to both data-buyers, which includes the
fully informative experiment for the high type and no information to the low type.

3. M® given by Ef = E, EF = E, t¥ = Vs(E,0.) and t8 = 0 for all i € {1,2}, j # i,
k € {L,H}. That is, the data-seller can offer no information to both types of data-
buyer j and the fully informative experiment to both types of data-buyer ¢ priced at
the low type’s willingness to pay.

4. M* given by EF = E, Bf = EF = E, t/ = 0, t! = V\u(E,0y) and t& = 0 for all
i€{1,2}, 7#1, k€ {L,H}. That is, the data-seller can offer no information to both
types of data-buyer j and to the low type of data-buyer ¢ and the fully informative
experiment to the high type of data-buyer i.

Lemma 5 The data-seller can guarantee herself strictly profits by selecting any menu

M e {M' M* MP, M}

Optimality of a menu with two distinct experiments. Lemma 5 implies that the
data-seller can guarantee herself a certain level of profits without screening data-buyer types,
because she can always offer a menu which offers either 1) only the perfectly informative
experiment offered to both data-buyers at a fixed price, p, equal to the low type’s willingness
to pay or 2) only the perfectly informative experiment to one data-buyer at a price equal to
the low type’s willingness to pay and no information to the other data-buyer. Accordingly,
Lemma 6 shows that it is optimal for the data-seller to offer a menu with two distinct items
to at least one data-buyer if and only if the probability of the data-buyer being the high
type is sufficiently high.

Lemma 6 It is optimal for the data-seller to offer a menu M which offers two distinct
0 (th+tk)

a1y, Where
i pedl — (th4ed)”

elements to at least one data-buyer if and only if v+ p >

i (1 —0p)max{2,c} if ay 1s chosen without supplemental information by 6,

A1, max {2, [(11:2;:;)6 + 17Z7p} } if ag is chosen without supplemental information by 0.
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Note that when ¢ < 2, the data-seller’s guaranteed payoff is higher when she offers the
same information to both data-buyers. Otherwise, the data-seller can guarantee herself a

higher payoff by offering personalized information.

3 Optimal menu of experiments

3.1 General properties

The optimal menu shares some structural properties with the one data-buyer setting estab-
lished in Bergemann et al. (2018). Proposition 1 generalizes these results to a two data-buyer
setting and identifies which constraints are binding as well as the information provided to

the high type in any optimal menu.

Proposition 1 In an optimal menu:
i) EY and EF are concentrated, i.e, 7" = Pgm(s; = splw = wy) =1 for allm € {L, H},
i € {1,2} and for some k € {1,2}.
i) EX is fully informative for at least one data-buyer.
iii) Both participation constraints bind for all i.

iv) The incentive-compatibility constraint of the high type binds for all i.

The optimal menu satisfies two standard properties of the screening literature: "no dis-
tortion at the top" and "no rent at the bottom". However, the data-seller can also extract
all surplus from the high type, because information is valuable only when it affects data-
buyers’ decision making. As such, information has two relevant dimensions: its precision
and its position.'? All data-buyer types prefer experiments with higher precision. However,
different data-buyer types may disagree on their preference for the position of information,
given that they may select different actions if they don’t supplement their private informa-
tion. Therefore, preferences for information cannot be ordered across types. As a result,
the data-seller captures all the surplus by selecting the position of information such that the

high type is indifferent between the experiments offered.

Moreover, both types are offered an experiment in which the distribution of signals con-
ditional on one state wy is degenerated, eliminating uncertainty for one state. Given that
data-buyers have incentives to match the state, the data-seller can shift the probability mass

m,i

from 1 —W,Z”’i to " with k£ € {1,2} until one of them reaches 1. In particular, if the low type

would choose action a; (as) without supplemental information, it is optimal to set m1"" = 1

13For example, define 71" + m5"" as the precision of experiment E™ and 77" — 7y"" as its position.
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(7r2L t = 1). Similarly, since the high type would choose action a; without supplemental in-
formation, it is optimal to set Wf . Intuitively, the data-seller offers each data-buyer ¢
of type #; an experiment that reveals without noise the state that matches the action that

they would have selected without supplemental information.

Lastly, the perfectly informative experiment is part of any optimal menu and is offered
to at least one data-buyer. It is the most valued by any buyer type, since it allows them to
perfectly match the state. Hence, if this experiment is not part of a menu, the data-seller
can replace the currently most informative experiment with the perfectly informative one,
weakly increasing profits by charging a higher price for this experiment while ensuring that
the incentive-compatibility constraints are satisfied. Furthermore, it is optimal for the data-
seller to offer this experiment to at least one of the high types, since their willingness to pay
is higher.

3.1.1 Optimality of symmetric menus

Proposition 2 shows that it is optimal for the data-seller to offer the same menu of Blackwell
experiments to both data-buyers when c is sufficiently small. Intuitively, it is trivial that
when data-buyers have coordination incentives (¢ < 1), data-buyers are better off when
they are offered the same menu since this increases the likelihood of choosing the same
action. When data-buyers have anti-coordination incentives, a reasonable conjecture is that
the data-seller may find it profitable to offer information to only one data-buyer, since this
increases the willingness to pay for information of this data-buyer. However, when c is
sufficiently small, it is not profitable for the data-seller to offer a personalized menu. This is
because the personalized menu would increase the willingness to pay of one data-buyer, but
the data-seller would only serve one of them. In contrast, when c is large, the data-seller is

better off serving only one of the data-buyers, offering a personalized menu.

Proposition 2 The optimal menu is symmetric if:
i) ¢ < % when data-buyers would choose the same action without supplemental informa-
tion.
ii) ¢ < 2”% when data-buyers would choose different actions without supplemental infor-
mation.
Otherwise, the data-seller offers either:
i) a symmetric menu or,
ii) no information to one data-buyer and a menu containing full and no information for

the other one or,
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iii) no information to one data-buyer and a menu containing full and partial information
for the other one or,

i) full information to one data-buyer and no information to the other.

3.2 Complete characterization

When the optimal menu is symmetric, the complete characterization of the information
provided to the low type depends on the:

1. Payoff environment: The payoff environment determines the presence of coordination
(¢ < 1) or anti-coordination incentives (¢ > 1), which pins down the effect of informa-
tion observed by others on their willingness to pay for an experiment.

2. Correlation between data-buyers’ private information: The correlation between data-
buyers’ private information affects their beliefs about the information observed by oth-
ers. In particular, data-buyers’ private information is positively (negatively) correlated
ifv<\p—pW>\p—0p).

3. Congruency of beliefs: The support of the distribution of data-buyer types determines
whether or not they choose the same action if they don’t supplement their information,
which impacts a data-buyer’s ranking of partially informative experiments. Data-
buyers’ interim beliefs are congruent (non-congruent) if both types choose the same
action (different actions) without supplemental information.

Lemma 4 characterizes the distributions of data-buyer types that satisfy congruency

(non-congruency) of data-buyers’ interim beliefs. This is formalized in Definition 2.

Definition 2 Assume that the high type 0y chooses action a, without supplemental infor-

mation. Beliefs are congruent if

when ¢ > 1

1
when ¢ < 1 and ii) 0, > 0y > .

&
) O, > 0y >
Z)L H_l c +c

and non-congruent if

1
i) Oy > 1j—c’ 0L§1+c and 07, < 0y <1 — 0 whenc<1
1
i1) Oy > o 0 < 146—0 and 0, < 0g <1 — 0, when ¢ > 1.
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3.2.1 Optimal menu with non-congruent beliefs

When beliefs are non-congruent, the optimal experiment offered to the low type is partially
informative, as stated in Proposition 3. Proposition 3 implies that the qualitative results
from Bergemann et al. (2018) for the one data-buyer setting extend to multiple data-buyers.
That is, the high type is offered the perfectly informative experiment and the low type is

offered a partially informative experiment.

Proposition 3 Suppose that beliefs are non-congruent. In an optimal menu, the data-seller
offers perfect information to the high type and partial information to the low type, where the
former is denoted by E™ and the latter by ET.

With non-congruent beliefs, different data-buyer types may disagree on the ranking of
partially informative experiments, as illustrated in Figure 2. For instance, if (0,0y) =
(0.2,0.6), the low type prefers experiment (1/2,1) to experiment (1,1/2), whereas the high
type prefers experiment (1,1/2) to (1/2,1). As a result, the data-seller can offer the low
type information that has less value to the high type by making it sufficiently imprecise (7%
sufficiently low). In an optimal menu, the data-seller selects 7 such that the high type is

indifferent between acquiring experiment E¥ or E¥. That is,

v L L 14
7 + (1 —7m7)e) + ——| .
p(l ( 1)e) .

The right-hand side is the product of the probability of state w;, the additional precision
from acquiring information, and the gain of choosing action a; over action as when the state
is wy. The left-hand side is the price differential. Hence, the information offered to the low
type is such that the price differential equals the expected gain in state w;.

Even though the qualitative properties of the optimal menu are independent of the strate-
gic incentives and the correlation of private information, its quantitative properties are de-

termined by their interaction, as stated in Lemma 7.

Lemma 7 The precision of the optimal E* decreases as coordination incentives increase.
Moreover, the effect of increasing the correlation of private information depends on coordi-
nation incentives:
i) If data-buyers have coordination incentives (¢ < 1), the precision of the optimal E*
decreases in the correlation of private information.
i) If data-buyers have anti-coordination incentives (c > 1), the precision of the optimal E*

increases in the correlation of private information.
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Figure 2: Value of E¥ when private information is conditionally independent ((v, p) = (3, 1)),

2

2) and E™ is fully informative.

data-buyers have coordination incentives (¢ =

The precision of the optimal experiment E¥ decreases as coordination incentives increase,
because the value of E¥ increases for the high type and decreases for the low type. Then,
an increase in coordination incentives implies that the high type has higher incentives to
deviate, reducing the data-seller’s scope to provide information to the low type. Moreover,
with coordination (anti-coordination) incentives, the precision of EX decreases (increases) in

the correlation of private information.
3.2.2 Optimal menu with congruent beliefs

When data-buyers’ beliefs are congruent, the information offered to the low type is deter-
mined by the interaction between strategic incentives in the action stage and the correlation
of private information, as stated in Proposition 4.

Proposition 4 Assume data-buyers’ beliefs are congruent. In an optimal menu, there exists
0 e (0,1) such that the data-seller offers perfect information to the high type and offers the
low type:
i) partial information, if data-buyers’ private information is negatively correlated, they
have coordination incentives and 0, < 0.
i) partial information, if data-buyers’ private information is positively correlated, they have
anti-coordination incentives and 0; < 0.

iii) no information, otherwise.

Strategic incentives play no role in determining the features of an optimal menu if and

only if private information is conditionally independent (v = /p— p) or data-buyers’ payoffs
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are independent of each others’ choices (¢ = 1). In both cases, the qualitative properties
of a one data-buyer menu generalize to a two data-buyer setting. That is, in any optimal
menu, the high type learns the state and the low type is offered no information. Otherwise,
the optimal menu is determined by the interaction between strategic interactions and the

correlation of private information.

When there are coordination incentives (¢ < 1), data-buyers face no trade-off between
matching the state and each others’ actions. Hence, the value of an experiment increases
in the precision of the experiment observed by others, because it increases the correlation
between the state and their action choices, allowing data-buyer ¢ to better predict j's action
choice. Information acts as a coordination device and is valuable for two reasons: it reduces
uncertainty about the state and about the choices of other data-buyers. When predicting
the action choice of the other data-buyer, each data-buyer makes inferences about what
information has been gathered by the other, which depends on the correlation between their
private information. If their private information is positively (negatively) correlated, data-
buyers assign a higher (lower) probability to observing the same private information and
acquiring the same experiment. Thus, demand for information increases (decreases) for the
low (high) type when private information is negatively correlated, because they assign a
higher (lower) probability to encountering a high type which observes full information. This,
in turn, implies that it is optimal for the seller to set a lower price for full information
and increase the price for partial information. As a result, partial information is relatively
less attractive for the high type, creating scope for the data-seller to offer some partial
information to the low type, as long as the low type is sufficiently unsure about the state.
When private information is positively correlated, demand for information by the low type is
reduced in comparison to the conditionally independent case in which the low type is offered

no information. As such, the low type is also offered no information.

When data-buyers have anti-coordination incentives (¢ > 1), the trade-off between match-
ing the state and each others’ actions implies that the value of experiment E™ decreases in
the precision of the information observed by others, since it increases the correlation be-
tween their action and the state. Data-buyers want to be as informed as possible about
the state, but their choices to be as uncorrelated with each other as possible. Information
is still valuable because it allows data-buyers to learn about the state, but the low (high)
type values information more (less) when their private information is positively correlated,
because it reduces (increases) the correlation between their action choices. If the low type is

sufficiently uncertain about the state, the increase in demand allows the data-seller to offer
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some partial information to the low type even when beliefs are congruent without incurring
any cost in terms of surplus extraction from the high type. In contrast, acquiring supplemen-
tal information when private information is negatively correlated increases the correlation
between action choices through increasing the correlation with the state, decreasing the
low type’s willingness to pay for supplemental information with respect to the conditionally

independent case. As such, the data-seller also offers no information to the low type.

In both cases, the partially informative experiment offered to the low type is such that

the price differential equals the expected gain in state wy. That is:

4l = (1 - 0)(1 — k) [1+7r2L (V—:p) (1 —c)} .

The left-hand side is the price differential. The right-hand side is the product of the proba-
bility of state ws, the probability of observing signal s; in state wo, and the expected payoff
gain. The expected payoff gain depends on the probability of observing different private

information, the coordination incentives and the precision of experiment E! in state ws.

Figure 3 shows an example of the optimal menus for two data-buyer type distributions,
one with congruent beliefs and one with non-congruent beliefs, assuming the same strategic
environment and correlation of private information.!* It illustrates how the interaction be-
tween strategic incentives and correlated private information creates scope for the data-seller
to offer partial information to the low type, even when data-buyers have congruent types.
Both panels depict the value of two experiments, E* and E*, net of their prices, as a func-
tion of data-buyer type 6. In both panels, the optimal menu is full surplus extraction by the
data-seller. This is shown by the intersection of Vi, (EL,0;) —t* and Vy(EH, 05) — t7 with
the x-axis (net value of zero) at their type. Second, the net value of E¥ for the high type
(Vm(EE, 05) — t) is also zero at 0, implying that the high type is indifferent between ac-
quiring experiments EX and E*. Compared to previous work in the literature, Vi (E*, 0g)
and Vi (E*,0;) differ due to the correlation between data-buyers’ private information.

Lastly, the quantitative properties of the optimal menu also depend on strategic incentives
and the correlation of private information, as stated in Lemma 8. This result and its intuition

are analogous to Lemma 7.

Lemma 8 Assume that the optimal E* is partially informative. The precision of the optimal

4When data-buyers have congruent (non-congruent) beliefs, the optimal menu offers the perfectly infor-
mative experiment to the high type at a price of t = 0.2 (t/ = 0.25) and partial information to the low
type, characterized by 7¥ =1 and 7 = 0.1 (¥ = 0.9 and 74 = 1), at a price of t© = 0.05 (t© = 0.18).
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Figure 3: Optimal menu with coordination incentives (¢ = %) and negatively correlated

private information (p = 0.2 and v = 0.4).

EL decreases as coordination incentives increase and decreases (increases) in the correlation

of private information when data-buyers have coordination (anti-coordination) incentives.

3.2.3 Effect of congruency of beliefs on screening

The congruency of beliefs has a significant effect on the incentive-compatibility constraints
of the data-buyers and on the ability of the data-seller to screen between their types. In
particular, when data-buyers have congruent beliefs their private information yields similar
interim beliefs. In contrast, when data-buyers have non-congruent beliefs, their private infor-
mation is sufficiently different to induce a sufficiently high difference in interim beliefs such
that different actions are optimal without supplementing their information. This difference

implies that screening the types is easier in the non-congruent case.

This can be understood in the spirit of Borgers et al. (2013). Since the two types in the
non-congruent case have very different beliefs, it is easy to design experiments that are a
close complement to the private information of one type while being of relatively low value

to the other. This is much harder in the congruent case, since the two types are very similar.

4 Discussion

Credit bureaus are data collection agencies which gather information related to the credit
worthiness of a consumer or business and sell this information to prospective lenders to

evaluate the risks of providing loans or credit lines. In the U.S., Experian and Equifax are
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two major credit bureaus for consumer and business information.'> The sale of information
on debt monitoring by credit bureaus is a natural application considered in the literature
(Bergemann and Bonatti, 2019).

Directly relevant to the setting considered in this paper, a credit bureau, the data-seller,
offers access to different versions of their database to banks and other financial institutions,
the data-buyers. These versions range from complete access to access to a subset of the
database, where the latter can be interpreted as partial information. For example, the access
to business score indicators range from detailed scoring systems to summary indicators. In
exchange for a fee, a credit bureau provides access to a version of their database and condition
their pricing only on the information product they are providing. In particular, a credit
bureau doesn’t personalize their data offerings to a lender as a function of specific realizations
regarding credit-worthiness of the lender’s prospective client or make them conditional on
the information or actions of other lender.'® Since the database is oftentimes highly sensitive,
the credit bureau can typically only provide private access to the database for clients with
a “permissable purpose", such as banks or government agencies, which cannot share this
information between themselves or with anyone else. These two features directly motivate

the model’s focus on private signals in a restricted contracting environment.

Furthermore, while an institution could expect that others also access a credit bureau’s
database, the specific information product that they acquire is typically not observed. Given
the sensitive nature of the information, a credit-bureau is unlikely to make specific infor-
mation acquisitions public. Hence, financial institutions typically remain uncertain about
the information observed by others and make inferences about it using their own private

information, motivating the assumption that information acquisition decisions are covert.

Financial institutions in turn use the acquired information to decide whether to offer a
financial product to their prospective client. In some cases, lenders may be competing for the
same client and thus have anti-coordination incentives. In other cases, several lenders may
contribute to a large investment project headed by one commercial client or serve different
commercial clients who offer complementary goods, in which case they have coordination

incentives. Private information that lenders acquire on a client before buying additional

5Business credit reports contain information such as ownership, subsidiaries, company finances, vendor
payment data, risk scores, and any liens or bankruptcies. Consumer credit reports focus only on an individ-

ual’s personal credit and includes information regarding loans, credit cards, delinquent accounts, etc.
161f the data offered is not verifiable or is costly to verify, it is not incentive compatible for a data-seller

to tailor access and prices to specific realizations.
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information from a credit bureau is also likely correlated. If they rely on the same infor-
mation sources and guidelines, then it is likely positively correlated. In contrast, if they
systematically differ in their information-gathering, use different private contacts as sources
of information, or if their previous experiences with similar clients or projects differ, then
private information can be negatively correlated. If all possible private information that
can be gathered by these lenders (excluding the information provided by the credit bureau)
would lead them to always or never offer a financial product, for example because the project
is much above or below the bar for approval, then we can interpret this as lenders having
congruent beliefs. Otherwise, more marginal cases can be interpreted as lenders having

non-congruent beliefs.

In this context, my model generates a number of insights by considering the role of private
information, strategic incentives, and their interaction. First, my results suggest that the
credit bureau can price information at the willingness to pay of lenders. Second, access to
the full database should be offered and priced at the highest willingness to pay for it. Third,
the subset of information offered to the lender with the lower willingness to pay for the
full database should be chosen such that the lender with the highest willingness to pay is

indifferent between the two information offerings.

When the lenders’ private information is such that they would have taken different actions
without acquiring additional information, the second item of the menu should offer partial
information. The reason is that lenders can disagree in their preferences for information.
For instance, two lenders can disagree on the value of different subsets of a database when
they observe different characteristics of a borrower’s credit history that would lead them
to make different choices. Then, databases which include different subsets of a borrower’s
characteristics would have a different value for each lender. In particular, a database may
be more valuable for a lender if it complements their private information by giving them

information on characteristics that they had not observed.

When the lenders’ private information is such that they would have taken the same
actions without acquiring additional information, the second item of the menu should offer
partial information if lenders’ private information is negatively correlated and they have
coordination incentives or if lenders’ private information is positively correlated and they
have anti-coordination incentives. In the first case, this implies that the credit bureau has
more scope for providing partial access to its database when lenders are likely to observe
different information about a client’s credit worthiness but have incentives to coordinate

their actions, for example in the case of a large commercial client. In the second case, partial
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access should also be provided when lenders are likely to observe similar information about

a prospective client’s credit history, but compete for them.

My results suggest that credit bureaus should tailor access to their database based on
whether the credit information relates to a consumer or a small business versus a large
business. Similarly, it may be optimal for credit bureaus to allow different types of lenders
to select into differential access to their database. Both of these takeaways follow explicitly
from considering the role of private information and strategic incentives that arise when
different data-buyers interact in a market. In fact, in most cases, credit bureaus face lenders
who compete for clients with private information that partially overlaps. This corresponds
to the case with anti-coordination incentives and positively correlated private information.
In this case, my results suggest that it is optimal for a credit bureau to offer multiple levels
of access to their data set. Consistent with this, credit bureaus in practice do condition
the pricing of their information offerings on whether the information relates to consumers
or businesses and whether lenders want a one-time access regarding a prospective client or
whether they would like to pay a yearly fee. Moreover, they offer a menu of information
offerings with at least two levels of access, including full access, suggesting that credit bureaus

do allow different lender types to select into different levels of access as implied by my results.

5 Extensions

5.1 N data-buyers

In this section, I extend my results to a setting with N > 2 data-buyers. Data-buyers are
privately informed about the state and attach probability 0 € {6.,0y} to state w;. Data-
buyers’ private information is correlated. In particular, assume that data-buyers’ types

01, ...0n are exchangeable random variables with correlation given by
nr =P(0; = 0.|0; = 0r) € (0,1] and nyg = P(0; = 0u|0; = 0n) € (0, 1]

for all j.'" Let k € {0,1,..., N} be the number of high types among the N data-buyers.
Denote by pi the probability of observing k high type data-buyers and N — k low types,
where p > 0 and Z,]CV:O pr = L.

In the action stage, ex-post payoffs depend on whether or not data-buyer ¢ matches the

state and on whether or not the majority of data-buyers choose the same action as 7. In

I"Exchangeability is a property of the joint distribution of random variables. Exchangeable random vari-

ables, though correlated, have equal distributions, i.e., the probability of 8; = 0 is constant across i.
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particular, ex-post payoffs are given by:

(1 if ai = as, KL+ 1> [5]

e if ai=a, kL 4+ 1 <[5
ui(avw)_ . ) N
0 ifaj=ap k2;+1<[5]

(5]

0 if a;=ap, K, +1>

where k‘, is the number of data-buyers —i who choose action a; € {a;,a»} and ¢ > 0. As in
the two data-buyer case, it is an ex-post dominant strategy to select the action that matches
the state. Data-buyers are said to have coordination incentives if they prefer to match the
majority and anti-coordination incentives otherwise. That is, data-buyers have coordination

(anti-coordination) incentives if ¢ < 1 (¢ > 1).

Assume that c is sufficiently small such that an symmetric menu is optimal for the data-
seller. The data-seller’s problem is to select the optimal menu of experiments to maximize
her expected profits subject to the data-buyers’ participation and incentive-compatibility
constraints. That is:

N
N — k)t" + k- t") subject to Vi (E",0) —t* >0
(Em,tmﬁlnii(e{L,H} ;pk (( )+ )Su ject to Vi (£, 0L) >0,

Vim(ER 01) —t2 > Vi (B, 0r) — t7,

Vm(EY,0) —t" > Vi (E", 0) — "
Value of information. Suppose that all buyers but ¢ purchase the experiment designed for
their corresponding type. The number of data-buyers —i who choose action a; conditional

on the state w and on the type of data-buyer i, ! |(w,6;), is distributed according to a

Conway-Maxwell-Binomial distribution,'® with parameters N — 1, v and
pw,@,- = ]P)(Q] = 0H|9Z)]P>(Sj = sl\w, QJ) —+ ]P)(Qj = 0L|QZ)]P)<S] = 31|w, 0])

The parameter v characterizes the underlying correlation among Bernoulli trials, which cap-

tures the correlation among data-buyers’ private information. In particular, if v > 1, the

18The Conway-Maxwell-Binomial distribution generalizes the binomial distribution and allows both pos-
itive and negative correlation among the exchangeable Bernoulli trials. See Kadane et al. (2016) and Daly
and Gaunt (2015) for details. Note that the probability of a data-buyer j choosing action a; conditional on
the state and 6; is constant across j.
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Bernoulli random variables are negatively correlated. Conversely, when v < 1, the Bernoulli
random variables are positively correlated. Lastly, if v = 1, the Conway-Maxwell-Binomial

distribution simplifies to a Binomial distribution in which Bernoulli trials are independent.

Define A{ as the expected gain of choosing the action that matches state wy, with k €
{1,2} conditional on data-buyer i being type 6. That is:'?

N N
A?:P(/ﬂl_lw—lg {2—‘\w:w1)c+P<nl_i+1> {2-‘]w:w1>

N N
Ag:IP’</£1_i2N— {2-‘|w:w2>c+}?</€1_i<]\7— {2—‘|w:w2>.

Data-buyer i’s expected gain of acquiring information when she would choose as and a;

and

without observing supplemental information are respectively given by:
Vo(E™, 0|kY,) = 077AS — (1 — 0)(1 — 7a)AS and Vi(E™, 0|k,) = (1 —0)miAf —0(1 — )AL,
Then, data-buyer ¢’s willingness to pay for experiment E™ is

maX{O,Vz(Enaer_i)} 1f Q=0 = Q2

VMm(E™, 0) = .
max{0, Vi(E™, 0|k' )} if a;,,—0=ay.

Assumption 2 Assume that the value of experiment E™ is increasing in its precision.?’

That 1s:
c<1andc(1+{g—‘)2[g—‘ 3)

vt (14 [V]) =Y. o

Note that k', + k2, = N — 1. Then, x2, + 1 <[] is equivalent to s, > [I].

20These restrictions on the payoff structure are sufficient but not necessary conditions for the value of

or

experiment E™ to be increasing in its precision. See appendix A.2 for details.
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Optimal menu. Proposition 1 extends to the case with N data-buyers if willingness to
pay for an experiment goes up as its precision increases. Hence, it is optimal for the data-
seller to offer the perfectly informative experiment to the high type, whereas the information
provided to the low type depends on the coordination incentives and the distribution of data-
buyer types. Specifically, it depends on whether or not interim beliefs are congruent. The
information provided to the low type is stated in Proposition 5 and 6. The interpretation is

analogous as for the two data-buyer case.

Proposition 5 Assume that data-buyers’ beliefs are non-congruent. In an optimal menu,

the high type observes perfect information and the low type partial information.

Proposition 6 Assume that data-buyers’ beliefs are congruent. In an optimal menu, there
ezists 0 € (0, 1) such that the high type observes perfect information and the low type observes
i) partial information when data-buyers’ private information is negatively correlated, they
have coordination incentives and 0y < 0.
ii) partial information when data-buyers’ private information is positively correlated, they
have anti-coordination incentives and 0, < 0.

i) no information, otherwise.

5.2 Correlated signals

In the main section, I assume that the experiments offered by the data-seller generate signals
that are conditionally independent given the state. This allows me to focus on the role
of the downstream strategic interaction in determining the value of information and the
structure of screening menus. It is, however, also natural to study the role of correlation
between the signals obtained by different data-buyers. Such correlation may be valuable
to data buyers who seek to coordinate their actions not only with the state but also with
each other. Correlation can arise naturally as a byproduct of the information provision
process. For example, a data-seller may provide identical reports to two data-buyers who
requested information of the same level of informativeness. Additionally, correlation can be

intentionally introduced as part of the design of the data provider’s information offerings.

To address this question, I extend the model as follows: the data-seller continues to offer a
menu of experiments to each data-buyer. Data-buyers simultaneously choose their preferred
experiment, and it is this choice that determines the marginal distribution of signals given
the state. However, in this extension, the correlation between the two signals is determined
by a correlation structure denoted as 1 : M x  +— [—1,1] chosen by the data-seller. The
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correlation can depend on the realized state and the experiment chosen by both data-buyers.
Formally, consider the joint signal distribution in state w; when data-buyers choose E™ and

E™, respectively. It is given in Table 4.

Sm,l/sn,Q S1 S9
n,2 n,2
T 1—m,
s 7T]:,n71 W]zn,lﬂ_gﬂ + 77Z)]:,n,n ﬂ_lrcn,l (1 . 71_]7:,2) i ]Zn,n
)1 1 )2 , 1 2 ,
S9 1—m (1—7,2”)#2 — " (1—7T,T)(1—7T,:L)+¢Z:nn

Table 4: Joint signal distribution in state w; when data-buyers choose E™ and E™.

Consider the value of information Vi) (L7, 0;) of experiment E}' with menu M and

correlation structure ¢ for data-buyer i of type 6;. It is easy to compute that
Vim) (E7'0:) = Vi (B}, ;) + (1 — o)E [47""[6;] .

Therefore, from the perspective of participation alone, the role of correlation is straightfor-
ward. Correlated signals are preferred if and only if the data-buyers intend to coordinate
their actions in the base game (¢ < 1). With private information, correlation also affects
incentive compatibility. The following proposition shows that this effect does not overturn

the direct impact on the value of information.

Proposition 7 When the data-seller can offer correlated signals, the optimal symmetric
menu s as follows. The high type obtains perfect information. Partial information is offered
to the low type if beliefs are non congruent and if beliefs are congruent and
i) data-buyers have coordination incentives and negatively correlated private information,
i) data-buyers have anti-coordination incentives and positively correlated private informa-
tion.
Otherwise, no information is offered to the low type. All signals are maximally correlated
when data-buyers have coordination incentives and negatively correlated when they have anti-

coordination incentives.

The optimal menu satisfies the same properties as in the case in which the data-seller
could only offer experiments with conditionally independent signals across data-buyers, show-
ing that my results are robust to the option to design the correlation between signals. How-
ever, the data-seller offers experiments that are maximally (negatively) correlated when

data-buyers have coordination (anti-coordination) incentives.
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5.3 State-dependent coordination incentives

Assume now that data-buyers’ coordination incentives depend on the state. In particular,
assume that the payoffs u : A x Q — R, defined in Table 5, are symmetric and characterized
by ¢ > 0 and g > 0.

W = w1 aq (05} W = W9 aq a9
ay 1,11 ¢0 a1 0,0 10,9
as 0,c| 0,0 as g, 01,1

Table 5: Action stage payoffs.

Under these assumptions, it is an ex-post dominant strategy for each data-buyer to match
the state w. The payoff parameters ¢ and d determine a data-buyer’s preference over the
action of the other data-buyer. In particular, data-buyer ¢ prefers when j selects the same
action (a different action) in state wy; when ¢ <1 (¢ > 1). Analogously, data-buyer i prefers
when j selects the same action (a different action) in state wy when d < 1 (d > 1). Formally,
data-buyers are said to have coordination (anti-coordination) incentives in state wj with
k € {1,2} if the expected gain of choosing an action increases (decreases) in the probability
that the other data-buyer chooses the same action. That is, data-buyers have coordination

incentives in state w; (ws) if ¢ < 1 (d < 1) and anti-coordination incentives if ¢ > 1 (d < 1).

Data-buyer i’s value of experiment £ when the data-seller offers the menu M is now

given by

Vm(E?R, 0,) = max {O, Z P(0; = 0,,]0,)vi(E}, 0,;m) s.t. k solves a;,,,—0 = ak} :
me{L,H}
vo(EL, 0,;m) = Qnﬂm [ﬂ"’j + (1 — WT’j) c} —(1-146,) (1 — 7T;“) [(1 - 7T;”’j) g+ W;L’j} and
vi(E", 0,m) = (1 — 6,) 75" [(1 — ng’”"j) g+ Wgn’j] -0, (1 — ﬂ”) [ﬂn’j + (1 — 7r’1n’j) c} )

In this context, it is also optimal for the data-seller to offer concentrated experiments
by an analogous argument as in Proposition 1. When data-buyers’ beliefs are congruent,
the data-seller’s problem is identical to the baseline model depending only on ¢ > 0 and,
therefore, the optimal menu is as characterized in Section 3. When data-buyers’ beliefs
are non-congruent, it can be shown analogously that the optimal menu is symmetric when
c< 2”%. In this case, the data-seller offers perfect information to the high type and partial
information to the low type. Otherwise, the optimal menu is asymmetric and only includes

the perfectly informative and the uninformative experiment, as before.
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Proposition 8 A menu with at most two informative experiments is not always optimal.

5.4 Continuum of types

Consider now the case in which there is a continuum of data-buyer types and the data-seller
offers a symmetric menu. Formally, assume that the interim belief 6, which denotes the
probability of the state w = wy, is an element of the unit interval [0, 1] distributed according
to the joint distribution F'(f) and corresponding density f(#) with full support. Assume that
F(0) is exchangeable. Let F;(6;) be the marginal distribution of 6; and let f (0;]6;) = fo, (6;)
be its density. The value of experiment E™ for data-buyer ¢ of type 6; is

1
VM(Em,Hi) = 91‘71'?1/ fgi(ej)(c(l — 7T1(9j)) +7T1(9 ))d@ —l— 7T2 / fg 1 — 7T2(9 )) +7r2(9 ))d@j

~ max{6; /fg (1= m(6;)) + m(6,))d6;, (1 /fg ¢ (1= ma(6;)) + 72(6;))d6; )

Let 0. be the reported type of data-buyer ¢ and 6; her realized type. Define

4(6.,6) = m(6) / for (6;) (e (1 — ma(6,)) + ma(6,))d6; — ma(8) / fo, (63) (e (1 — my(8,)) + m2(6,)) 6,

as the differential informativeness of an experiment E™. In Bergemann et al. (2018), ¢ is
a one-dimensional variable which fully characterizes an experiment given ;. Hence, it is
possible to rewrite the menu in terms of this variable and derive the optimal menu when the
type of a data-buyer is continuous. However, when a data-seller faces multiple data-buyers,
this approach doesn’t apply unless types are independent since ¢(6;, 0;) depends both on the
true type and the reported type through the correlation with the other data-buyer’s type.
This is because a data-buyer’s beliefs about the information observed by others depends on
the correlation of data-buyers’ information given her true type whereas the information she
observes depends on her report. Therefore, we assume independence, which guaranties that
q(0;,0;) = q(07,0.) = q(0,) for all 6; and 0, where

[ /f ¢ (1= 75(6:)) + (6, dej,/f e (1= m1(8;)) +m(8,))d6;
U, U]

Note that both U; and U; depend on the experiment of others and that the end points of

this interval correspond to the uninformative experiment whereas ¢(6;) = U; — Us, to the
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perfectly informative one. Hence, the value of an experiment ¢(¢;) for data-buyer 6; can be

written as

VM(q(Hg), 0;) = 91'(](92) + 7T2(92)[]2 —max{0;Uy, (1 — 6;)Us}

Uz
Ui1+U2

indifferent between action a; and as who assigns the highest value to any experiment gq.

Therefore, there exists 0} := € (0,1) which corresponds to the type that is ex-ante
Moreover, data-buyers who are ex-ante certain about the state, 6; € {0, 1}, assign no value
to information. Furthermore, Vi (q,0) is linear and increasing (decreasing) in the interval
0,60%] ([0*,1]) and exhibits a kink at # = 6*. These properties imply that it is optimal for
the data-seller to set m1(6;) = 1 for all 6; > 07 and my(0;) = 1 for all §; < 67, where 0, > 0
is equivalent to ¢(0;) > U; — Us,. This is formalized in Lemma 9.

Lemma 9 There exists ¢ > 1 such that for all ¢ < ¢, the optimal menu is concentrated and
m1(60;) =1 for all q(0;) > Uy — Uy and 75(6;) = 1 for all q(8;) < Uy — Uy. Moreover, w7 (0;)

is non-decreasing and 73(0;) is non-increasing.

In what follows, we restrict attention to ¢ < ¢. Using Lemma 9, we can write the value of
experiment ¢(0}) for 0; as follows:

VM((](QD, 01) = 91(](9;) + UQ + HliIl{Ul — UQ — q(t%), 0} — max{&i Ul, (1 — QZ)UQ}

Note that the value of an experiment ¢ satisfies the single-crossing property in (g, 6;), which
implies that higher types assign a higher value to experiments with a higher q. Moreover,
experiments with higher ¢ are those which contain a signal that provides stronger evidence

of state wq, the one deemed less likely given their interim beliefs.

Lemma 2 and Lemma 3 imply that it is without loss of generality to focus on responsive
menus. The data-seller’s problem is then
1
max / H0:)AF(6:) s.t. Vi (q(63),6:) — £(65) > 0 for all 6; € [0,1] and
q(9:),t(0:) Jo
Vi (q(0:),0;) = t(0;) = V (q(0;), 0;) — (0;) for all 6;,6; € [0,1].

(2

Lemma 10 characterizes the implementable responsive menus, which follows from the enve-

lope theorem.

Lemma 10 A menu {q(0;)}o,c0,1) s implementable if and only if q(0;) is non-decreasing

and
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Using Lemma 10, the data-seller’s problem can be written as:

max / (6.1(6) + F(6:))q(6:)d6, + / min0, £(8;) [Us — U — q(6:)]}d6,

q(6s)
s.t. q(@,) € [—UQ,Uﬂ and (5)

It is easy to see that it is optimal for the data-seller to offer no information to the types
who are certain about the state and full information to 6, = 6*. Hence, we know that
an optimal menu includes at least two experiments. In the case with a single data-buyer,
Bergemann et al. (2018) show that the data seller uses at most three experiments. Unlike in
their case, the objective function in the setting with two buyers is non-linear in ¢ since U; and
U, depend on the experiments offered to the other data-buyer. Hence, their results do not
generalize to the a multiple data-buyer setting. In particular, two informative experiments
are no longer sufficient to achieve the optimum. In Appendix A.4, T develop an example
and establish computationally that the data seller can do better by using more than two

informative experiments.

6 Conclusion

This paper considers a setting in which a monopolist data-seller offers supplemental in-
formation to privately informed data-buyers. Consistent with previous work, data-buyers’
demand for information depends on the precision of their private information. However, it
also depends on the correlation of the data-buyers’ private information and their strategic

interactions.

The data-seller offers a menu of experiments to screen the data-buyers’ types. The in-
teraction between coordination incentives and the correlation of private information is the
main determinant of the features of the optimal menu. Whenever this interaction increases
demand for information for the low type, the data-seller is able to offer partial information
to the low type even when beliefs are congruent. In any optimal menu, the data-seller reveals
the state to the data-buyer type with the highest willingness to pay for such information. If
private information leads data-buyers to choose different actions in the absence of supple-
mental information, the data-seller can exploit the position of information to provide partial
information to the data-buyer with the lowest willingness to pay, without conceding rents
to the high type. Indeed, the data-seller can provide partial information to the low type
if data-buyers have coordination incentives and their private information is negatively cor-
related or if data-buyers have anti-coordination incentives and their private information is

positively correlated.
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These results highlight that the interaction of strategic incentives and correlated pri-
vate information can relax the incentive compatibility constraints, allowing the data-seller
to increase profits by not excluding the low type segment from the market. Considering
strategic interactions between data-buyers when designing information offerings is of central
importance, both qualitatively and quantitatively, given that data-buyers often interact with
others in markets. This non-exclusion result is consistent with results from the multidimen-
sional screening, in which the data-seller offers distorted partial information to the low type

designed to ensure that the high type is indifferent between the information offerings.
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A Appendix

A.1 Proofs with two data-buyers

Proof. Lemma 1. Define 74, as the probability that data-buyer type 6; assigns to data-

buyer j selecting action a; conditional on the state being wy. That is,
Yei = Pila; = a1w = wy).
The value of experiment E for data-buyer type 6; is

Vm(E,0;) = min{ (1 — 0;)[cy2s + (1 —72:)], i [y + (1 — 7))}
0i[v1: + (1 — ~1:)c] if 6; < 6(c,b,)
(1 — 91')[0'721' + (1 — '721')} Zf 0; > é(ca 9])

where é(c, 6;) is the data-buyer type 6; that is initially indifferent between selecting action
a, and ao. First, if 6y > éQ(c, 01), Vm(E,0:) > Vo (E, 0y) if and only if

: Y1+ (1 —u)e 5
1) 0 < 1— 6, when 0, < 6(c, 0y) and
) b2 < Y2 + (I —712)c ' ! (¢, 62)
1-— R
i) 0, <1— U920 gy e e 0y).

Y12 + (1 = y12)c

In this case, 65 = 0y and 6; = 0. Second, if 0y < é(c, 01), Vim(E, 0y) > Vu(E,0,) if and
only if

Y1+ (1 —y11)e

1) 6y > 0, when 0 <éc,9 and
) 2_0722‘1‘(1—’722) ! ! (¢, 02)
cYo1 + (1 —721) A
i) Oy > 1 —6,) when 6 > 0(c,05).
)6 > TEEEZI2 0 ) when 6> dlc, )

Proof. Lemma 2. [ show that for any menu M and BNE 6, there exists a direct menu
MP and oP such that (i) every data-buyer i of type 6 € {0, 0y} purchases the experiment
designed for her type; (ii) for every type vector, the distribution over outcomes under M if

& is played is the same as the distribution over outcomes that results under MP” and oP.

Suppose instead that M > 3. First, suppose that i;p € {0,1,..., M} for all i type 6.
Hence, up to two elements of the menu per data-buyer are traded in equilibrium. Then,

it is possible to eliminate the redundant elements of the menu and offer menu M?” which
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only includes the ones that are purchased in equilibrium. In this case, it is trivial that the
distribution over outcomes remains unchanged. Second, assume that there exist ¢ type 6 such
that i; € A({0,1,..,M}). Construct an alternative menu M?P in which the experiments
that are chosen by i type 6 with positive probability are replace by one experiment that
randomizes over those experiments such that induces the same distribution over outcomes.
That is, define

(i 8)lw, (1ir 1)) = Y P = mlw)7 ((si, 55)|w, (m, 15)).

m=0

Note that the overall distribution over outcomes remains unchanged. Thus, MP? implements

the same outcome as M and, since & is a Bayes Nash equilibrium, o”

is also an equilibrium.
Therefore, it is without loss of generality to consider menus with at most two elements per

data-buyer. m

Proof. Lemma 3. Consider 7 type 6 and an experiment E" € M, where the menu
M = (M, Ms) is a incentive-compatible and individually rational. Let i type 6 choose a
single action after each signal. Given the equilibrium strategies, let S,:”’i denote the subset
of signals in experiment £ that induces buyer i type 6 to choose action ay, € {a,as} where
UZ_, Sy = 8™ Construct Em = (Smi 7mi) where §™ = {s,, 55} and

7T (sp|lw) = / ™ (s|w)ds for all s; € {s1, 52} and w € {wy,ws}.
sy
E and E™ are constructed such that both experiments induce the same outcome for buyer
i type 0. Thus, ¢ attaches the same value to both experiments, i.e., Vy((E™, 0) = VM(/E\;”, 0).
Furthermore, EZT” is a weakly less informative than £E" and Blackwell’s theorem implies that
Vm(EM™ 0) < VM(E{”, ') for all #'. This relaxes the incentive constraints of types ¢ # 6.
Therefore, for any M, it is possible to construct M that replaces B/ with Ezm that is also

incentive compatible and individually rational and yields weakly larger profits. m

Proof. Lemma 4. A data-buyer 7 of type 0y chooses action a; without supplemental

information when her expected payoffs of choosing a, exceeds the expected payofts of choosing
as. That is,

(1—0n) {

v p
<O [u (A= edm®) 4 o (- m ™) et mH’Q)} .

L2 L2 P _ _H2 H2
y—l—p((l o )C+7T2 >+—V—|—p((1 Yy, )C+7T2 ):|
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Note that

u_mg{L’(u_wfac+mha+_ﬁ_«1_@%ac+mﬂa

> (1 — 0y)min{c, 1
v+ p v+p ( ) fe. 1)

< Oy max{c, 1}.

and eH |:]/ j_ P ((1 — 7-‘-1L’2> c+ 7-‘—1L’2) + % ((1 o 7T1H’2) ¢+ 7T1H72)

Therefore, a necessary condition for the high type to choose action a; without supplemental

information is 8y > min {1%0, ic} Analogously, we can conclude that the low type must

also satisfy 6, > min {ﬁc, ﬁ} to select the same action and 6, < max {ﬁc, ﬁ} to select
as.

Moreover, when both types choose action a; without supplemental information, the def-
inition of the high type requires that

v p
o) [V +p ((1=m"?) et m™?) + v+p ((1—m™) e+ 7T2H’2)1

1-2v—p y
1-v—p (1= m"™) etm™?) + JR— (1=m") e+ m“)} .

> (1 — GL) |:
Then, a necessary condition for the previous expression is
(1 — 0y) max{c,1} > (1 — 0) min{c, 1},

which holds for all ¢ > 0 if and only if 85 < 6. Analogously, when the low type chooses
action ay without supplemental information, (1 — 6y) max{c, 1} > 6, min{c, 1}, which holds
forallc>0if and only if g <1 —6;. m

Proof. Lemma 5. Let [I(M) denote the seller’s expected profits from a menu M that
satisfies all participation and incentive-compatibility constraints. Assume without loss of
generality that the high type selects action a; without supplemental information. Consider

first the case in which the low type also chooses a; under the same circumstances. Note that

(2(1 - 4,) if M=M
(M) = 21— 0u)(v-c+p) if M=M?
c(1—6y) if M=M?
lc(1—0)(v+p)  if M=M*

When ¢ < 2, TI(M') > TI(M?) and TI(M?) > II(M?). Let M* be the data-seller’s optimal
menu. Then,

1—-46p

I(M*) > TI(M') when 1

>v-c+ pand

— VH

II(M*) > TI(M?), otherwise.
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When ¢ > 2, (M) < TI(M?). Then, II(M*) > II(M?) when

1-6p
1 -0y

2
>max{u—|—p,—(y'c+p)}.
c

Otherwise,

2

C

I(M*) > II(

*
*

M2) when v+ p <
I(M*) > TI(M?), otherwise.

(v-c+p) and

Consider now the case in which the low type chooses a, under the same circumstances. Note
that

(90, if M =M
M) = 2(1 = 0p)(v + p) if M=M?
0; (1112::pp)c+ 1_11:_'0] if M :MS
\(1—9H)(V—|—p-c) if M =M

When ¢ < 2, I(M') > II(M?) and I(M?) > II(M?). Then,

II(M*) > TI(M') when . QLQ > v+ p and
— g

II(M*) > TI(M?), otherwise.
When ¢ > 2, II(M') < TI(M?). Then, II(M*) > II(M?) when

1 fLHH g (:(1(i ;VV—_/)§>+ p {(Cp tr Rt p))}.

Otherwise,

II(M*) >

") = 1
(M*) >

1
M?) when §(u+p-c) <v+pand
(M

I1
I ), otherwise.

Proof. Lemma 6. The data-seller can always offer a menu M, which offers only the
perfectly informative experiment to both data-buyers at a price p, equal to the willingness to
pay of the low type, where p = 1 — 0;, when the low type picks action a; without additional

information and p, = 6, otherwise. Hence, the data-seller can guarantee herself profits of
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at least 2p,. Similarly, the data-seller can always offer a menu M,, which offers only the
perfectly informative experiment to one data-buyer at a price p,, equal to the willingness to
pay of the low type and no information to the other data-buyer, where p,,. = (1 —60)c when
the low type picks action a; without additional information and

1—2v—p) v

(
**:6 ’
b L{l—y—p C+1—1/—p

otherwise. Hence, the data-seller can guarantee herself profits of at least p,.. Therefore, the
data-seller’s profits for any menu M satisfies TI(M) > II where

i (1 —0r)max{2,c} 1f ay 1s chosen without supplemental in formation

0, max{2, (1112;':;)0 + 1751]} if as is chosen without supplemental in formation

This implies that it is optimal for the data-seller to offer a menu M with two distinct items to
at least one data-buyer i when her expected profits, given by II(M) = (1—v—p)tl+(v+p)tH
is at least II where

t¥ < min {VM (EF,6L), Vi (BF,01) — (Vi (B, 61) — t) } and
th < min{VM (B, 0n) , Vi (B, 04) — (Vi (EF,01) — tF) }

Proof. Proposition 1. 1. The data-seller’s problem is given by

max (1—v—p)(tE+tH) + (p+v) (7 + i)

(B 7)) (myi)e{L,H} x {1,2}
subject to the participation constraints

IR : V(B 0L) —th >0, IRy, : V(B 05) —tF >0
and the incentive-compatibility constraints

IO : VMm(EE,01) —tF > V(B 0p) —t7
ICh; : V(B 0n) —tF > V(EEF, 0y) — tF

for all i € {1,2}. Assume without loss of generality that 6y selects action a; without

supplemental information.
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Consider first the case in which the low type #; also picks action a; under the same
circumstance. Assume that in the optimal menu M*, 7T1L < 1 and consider another menu
M’ which replaces 7r1L’i with 1. Note that for data-buyer 4,
1-2v—p

l—-v—p

VM/(EZL,QL):(]_—QL)T§J|: 1—V_p

> V./\/l* (EzLagL) ’

. . I/ . .
(1= bt mbd)+ — L (1- w%cwéfﬂ}

v

VM’ (EZL, QH) = (1 — QH)TFQL’i |: ((1 — WQL’j)C + 7T2L’j) + L((1 — 7T2H’j)C + 7T2H’j):|

vV+p vV+p

Vi (BF,0,) = Vi (EF,61) and Vi (EF,01) = V- (Ef,0x). The optimality of M*
implies that it satisfies the participation and incentive-compatibility constraints, which, in

turn imply that

Vi (BL,0,) > Vi (B2, 0,) >
Ve (B 0n) = Vi (B, 01) >t

and

Viw (BE,01) —tF > Ve (BE,01) —tF > Vi (B, 0) — 7 = Vi (EF,0,) —t!
Vi (B, 0n) =t = Ve (B, 0n) =t > Vi (B}, 0y) — tF

Hence, replacing 7T1L " with 1 relaxes participation and incentive-compatibility constraint of
the high type and has no effect in the participation constraint of the high type. Then, it is
possible for the data-seller to increase t* by e > 0 sufficiently small such that all constraints
satisfied. Then, the data-seller obtains higher profits from data-buyer ¢ with menu M’ than
M*.

The effect of this change on data-buyer j’s willingness to pay for information depends on
c. In particular, V- (E}”,Qk) > Vi (EJ",0y) for all (m, k) € {L, H}? if and only if ¢ < 1.
Hence, the data-seller must decrease transfers from data-buyer j when ¢ < 1 and increase
them otherwise. It is trivial then that M’ yields higher profits to the data-seller than M*
when ¢ < 1, contradicting the optimality of M*. When ¢ > 1, the data-seller obtains higher
profits from data-buyer ¢ and lower from j under menu M’. However, this overall increases
the data-seller’s profits for all cases in which two distinct experiments are optimal, as derived
in Lemma 6.

The proof for the case in which the low type chooses as without supplemental information

is analogous.
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2. First, I show that if £ is part of the optimal menu, it is offered to the high type of data-
buyer ¢ for some i € {1,2}. Suppose instead that only the low type of data-buyer i purchases
this experiment, implying that its price cannot exceed Vy((E, ;). If the high type does not
purchase this experiment, incentive-compatibility implies that t¥ < Vy(FE,01). Thus, only
offering E at price Vi (E,0L) to at least one data-buyer improves the seller’s profits. This
yields a contradiction.

Second, I show that F is part of the optimal menu. Assume without loss of generality
that 0y chooses action a; in the absence of supplemental information. Consider first the case
in Which (9,; also chooses action a; under the same circumstances. Proposition 1.1 implies
that 717" = 71" = 1 for all i € {1,2}. Suppose that in the optimal menu M*, 72" < 1 and
COHSlder another menu M’ which replaces 75" with 1 for some i € {1,2}. Note that for

data-buyer 1,

Vi (BF,01) = Vi
Vi (BF,01) — tF = Vi
Viw (Ef,05) > Vi
Vi (B, 0n) — 1" = Vi

(BF,0.) > tF
(EszeL) zL > Vi (B, 01) —tff
( ) 2 and
(B

On) =t > V- (Bf,0n) —t7 = Vi (B, 0n) —t].

Then, increasing Wf * t0 1 increases data-buyer i type 6p’s willingness to pay for experiment
E! and relaxes her participation and incentive-compatibility constraints, while having no
effect on the participation constraint of the low type. As a result, the data-seller can in-
crease tI7 appropriately such as the incentive-compatibility constraint of the low type is still
satisfied.

To see whether or not this is optimal for the data-seller, it is necessary to analyze the
effect of the change on data-buyer j’s willingness to pay which depends on c. In particular,
if ¢ < 1, we have that increasing Wf’i to 1 increases data-buyer j’s willingness to pay for

information and relaxes her participation constraints because

Vi (Ef,01) > Ve (Ef,0L) >t and
VM/ (EJH,QH) > VM* (EJH, QH) > t]H

Moreover, since

0< VM/ (EJL,QL) — VM* (E]L,QL) < VM’ (E]H,QL) — VM* (EJH,QL) and
Vi (B 0n) — Ve (B, 01) = Vi (EF,01) — Ve (EF,01) >0,
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we have that

VM* (EJH,GL> — VM* (EL 9[,) S VM/ (EJH,QL) — VM/ (EJL,GL) and

70

Vi (EF05) — Vi (EF, 05) > Ve (EF 05) — Vi (EF,01) >t — 11,
Hence, when ¢ < 1, the incentive-compatibility constraints also hold if
Vi (E2,0,) = Vi (EE.0,) < 12— 1!

or if tf is increased appropriately. This implies that M’ satisfies also satisfies data-buyer
j’s constraints while yielding a higher profit for the data-seller, contradicting the optimality
of M*.

When ¢ > 1, increasing 7T2H * t0 1 decreases data-buyer j’s willingness to pay for informa-

tion. The expected change in data-buyer j’s willingness to pay is
(1= m") (1= )l(1 = 0u)my v + (1 = O)my g,
whereas the expected change for data-buyer ¢’s is
(1= 0m) (L = m" (1 — 1) +m5%) + p((L = m"?)e +m3"%)].

Note that the expected gain in willingness to pay for data-buyer ¢ exceeds the expected loss

from j whenever

(1 —0u)(v +p)

c<1+ .
T (=Ou)p+ (-0

In this case, the data-seller benefits from increasing ﬂf’i to 1. Otherwise, that is, when c is
sufficiently large, the data-seller selects M € {M?* M?® M*}, which offer full information
to at least one data-buyer.

The proof is analogous in the case in which the low type chooses ay in the absence of

supplemental information.

3. First, I show that participation constraint of data-buyers of type 6, bind. Suppose
not, i.e., assume that t- < Vy(E¥ 67). Then, the participation constraint of data-buyer
1 of type high must bind, which implies that ¢t = Vy,(E, 0y). Moreover, the incentive

compatibility constraints imply

ICLy : Vim(EL, 00) —th > V(B ,0,) —tf and IOy, 0 0> V(B 0y) —t1.
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Note that Vy(E¥,0p) cannot be smaller than Vy(E¥ 01), since this violates the definition
of the high type.?! Then, since Vy(Ef,0x) > Vi (EF,01), then Viy(EF,01) —t& > 0 and
V(B 0r) — ti1 < 0. Hence, it is possible to increase t by a small € > 0 without violating
any compatibility constraint for data-buyer 1 and without inducing any change for the menu

offered to data-buyer 2, yielding a contradiction.

Second, T show that the participation constraint of the high type also binds. Suppose
not, i.e., tf > Vy (B, 0y). Since the IRy binds, incentive-compatibility constraints are

given by
ICL,: 0> V(B 0,) —ti" and ICy, : V(B 0y) — i > Viu(EL, 0r) — Vm(EE, 01).

When Vap(EE, 05) < Vu(BE, 01), Vm(EE, 0) —tH > 0 and Vi (EE, 05) — Vi (EF,0;1) < 0.
Hence, it is possible to increase ¢ by a small € > 0 without violating any compatibility
constraint for data-buyer 1 and without inducing any change for the menu offered to data-

buyer 2, yielding a contradiction.
When VM(ElL, QH) Z VM(EIL, QL),

V(B 01) <t < V(B 0n) — [Vm(EY, 0r) — Vaa(EY, 01)]
and it is optimal for the data-seller to set

t{l = VM(ElH, QH) — [VM(ElL,GH) - VM(EfﬁeL)]

2Let 0, for k € {1,2} and i € {L, H} be defined as follows:

1-2v—p v

Ok = ((1 — 7rkL’2) c—+ 7rkL’2) + ((1 — 7TkH‘2) c+ wkH’g) and

l-v—p l1—-v—p

5k,H = Ui-li/-p ((1 — ,/TkL,2) c+ WkL’2> + %i_p ((1 B 7TkH’2) et ﬂ'kH’Q) '

Consider first the case in which both types of data-buyers choose the same action a; without additional
information. Then, by definition, Va(EH, 05) < Vi (EH,01) if and only if
[(1—01)02,0 — (1 — 0p)02,m) m2™1 > (0161, — Omdr ) (1 — m ™)

First, if 61611 > Opd1,m, the previous condition implies that (1 — 61)d2, > (1 — 0y )d2, i, which di-
rectly violates the definition of the high type. Second, if .61, < 0xd1,x and since myfhl > (1 — 7T1H’1),
VM(E{LI,GH) S VM(ElH,GL) requires that 0H51,H — 0L51,L 2 (1 — HH)(SQ_’H — (1 — 0[‘)52_’[]. Then, if
Oudi g — 061 > 02> (1 —0g)dam — (1 — 01)02,1, the definition of the high type is again directly vi-
olated. Lastly, if (1 — eH)52,H > (1 — 9[/)(527[,,

Vm(BE,0m) < Vim(EE,0r)
implies that m; %! > 7! and my™! < w1, But, this contradicts that Va(EH,0) < Va(EE,01). The

proof for when the choose different actions is analogous.
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In turn, this implies that the incentive-compatibility constraint of the high type binds. Hence,

the data-seller’s expected profits from data-buyer 1 are
(My) = Vam(EL, 01) + (v + p) (Vm(EL, 01) = Va(EY, 0n))

Moreover, it is trivial that selecting the most informative E¥ such that Vy(E¥, 05) equals
Vm(EE,61) maximizes the data-seller’s profits from data-buyer 1. When ¢ < 1, this also
increases data-buyer 2 willingness to pay for information and, therefore, weakly increases
the data-seller’s profits overall. When ¢ > 1, using an analogous argument as before, either
M e {MZ,M?’,M4} or the gain from data-buyer 1 in profits exceeds the loss from data-
buyer 2. In either case, the participation constraint of the high type binds.

The proof for the case in which data-buyers choose different actions without supplemental

information is analogous.

4. Since all participation constraints bind, incentive-compatibility requires
ICLJ -0 Z VM<E{1,9L) - VM(E{{,GH> and ICHJ -0 Z VM(ElL,HH) - VM<E1L,9L>

We’ve shown that in any optimal menu Vi (Ef,05) < Vi (EY,0g), implying that 1Cr,
is slacked. We also showed that it is optimal for the data-seller to select Ef such that
VM(ElLaeH) = VM(E1L79L) u

Proof. Proposition 2. Consider first the case in which data-buyers would choose the
same action without additional information. Assume without loss of generality that they
choose action a;. Proposition 1 implies that the optimal personalized menu is characterized
by (mi", 73"y e [0,1]2 for i € {1,2}, which maximize the data-seller’s expected profits

subject to
Vi (EY,0r) = Vi (EY,01) and Vi (B3, 01) =V (ES, 0n)
where

L o Li|A=2v—p) 71,  Lj Lj v _Hj H,j
Vam (B, 0r) = (1 —6) m, [1_1/_10 [(1 5 )e + }+71—1/—p[(1 o )+ } and

L,i v L,j L,j 14 H,j H,j
VM (EZL,GH) = (1 —9[—1)71'2 |:]/—|—p |:(1 —7'['2 J)C+772 ]:| +m |:(1 —772 ])C+7T2 ]i|:| y

for i,j € {1,2} and i # j. Note that both constraints hold if and only if

myt =my? =0or myt =pi(my"t) and w5 = pa(my"?),
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where py (m2") = po(72"?) if and only if 72! = 712 When 2! = 72* = 0, the data-seller’s

expected profits are

(M) = (1= ) [m" (v e+ ple(l = my") +my ) + 1" (v - e+ ple (1—7T2 ) ).

H,1 H,2

Hence, it is optimal for the data-seller to set m, " = m, " =1 for all ¢ <3 implying that

I/’
when it is optimal for the data-seller to offer no information to both low type data-buyers,
then it is optimal to offer full information to both high type data-buyers. When ¢ > /)2_—”,/,

the data-seller finds it optimal to offer a personalized menu characterized by Wf 1 =1 and

sz =0ora symmetrlc menu with 7rH L= 7r2 =1
When 7T2 = py (7P, mo? = pz(ﬂf’Q) and ¢ < 2, it is optimal for the data-seller to set
A2l — 7r2 = 1, implying that 7r = 7T2 € (0,1). Hence, in this case, it is also optimal for

the data-seller to offer the same menu to both data-buyers. Lastly, when ¢ > 2, ﬁf’l = 1 and

> € {0,1}. Hence, whenever m5* = 1, the menu is symmetric and asymmetric otherwise.
The optimal asymmetric menu in this case is to offer no information to one data-buyer and
to offer a menu with full and no information to the other one.

Therefore, a necessary condition for the optimal menu to be personalized is ¢ > max{2, ,JQTp,,}-
If an optimal menu is personalized, it offers no information to one data-buyer and a menu to
the other data-buyer with full information for the high type and no information for the low

type. Otherwise, it is optimal for the data-seller to offer the same menu to both data-buyers.

Consider now the case in which data-buyers would choose different actions without ad-
ditional information. The optimal menu, characterized by "' € [0,1], n1"* € [0,1] and
2 e [0, 1], maximizes the data-seller’s expected profits

M) = 0, w1 (1= 20 = p)[(1 = wfP)e+ w1 4+ v) + 7l 2(1 = 20 = p)[(1L = 7o+ 7] +v)|

+ (1 —6n)

—

w4 pl(L = e+ i) + 2w + pl(1 = m e+ )]
subject to

Vi (EY,01) = Vi (EL,0y) and Vi (ES,01) = Vi (ES, 0n)
where

il (1—=2v—p) v
VM(EiLveL):HLWf I:l_y_p {(1—7TL )C+7T1 }—}—m

v+p v+p

{(1 — 7 )e+ wf’j} + p] }

VM(EZL,QH):maX{O,(l—QH)[ A [(1—wf’j)c+ﬂf’j]]

— 0 (1 — 1) [

vV+p v+p
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for i € {1,2}, i # j.

When ¢ < 2’)%, it is optimal for the data-seller’s to set wf’l = ﬁf’Q = 1 since profits
are strictly increasing in both variables. This, in turn, implies that 7r1L e 7T1L 2. Otherwise,

H2

when ¢ > , the data-seller’s expected profits are maximized by setting either 7T£{ 1 or e

2p4v
to 1. Assurrﬁl)e without loss of generality that full information is offered to data-buyer 1. In
turn, this means that the data-seller’s expected profits are maximized by setting 75’2 = 0.
Thus, the optimal menu is symmetric if and only if ¢ < 22~

Moreover, when the optimal menu is personalized, wf 1 =1 and 7T2H 2 = 0, which implies
that 7T1L’2 = 0. That is, data-buyer 1 type 0y is offered full information, whereas data-buyer
2 is offered no information. This, in turn, implies that the optimal menu coincides with the
optimal menu with one data-buyer, offering partial information to the low type of data-buyer

l. m

Proof. Proposition 3. Proposition 1 implies that 74 = 1 if beliefs are non-congruent,
and that 7F is such that /Cy binds. When 6, attaches a positive value to EL,

1-2v— v
L _ L p L L
Vm(E~,01) = 0y Kl—l/—p) 71 + (1 wl)c}+<1_y_p>} and

(rF + (1 - 7F)e) + Vjp) }

14
VM(EL’QH) = maX{O, (1 — QH) — (1 — 7TlL)9H <I/+p

Define f(nF) as follows:

Frb): = (=) = (= e (2 (b (= + ).

v+p

Note that f(7f) is a continuous function of 7t € [0,1], f(1) = (1 — ) > 0 and f(0) < 0.
Then, the intermediate value theorem implies that there exists 7 € (0, 1) such that f(rl) =
0. Furthermore, since the graph of f(7F) is a convex parabola, f_(7r1L) > 0 for all 7l > ﬂf_and
negative otherwise. Hence, Vi (E*,0x) = f(nf) if nf > 7 and Viu(E*,05) =0 otherwise.

Define SY(7f) as the high type surplus from acquiring experiment EZ. That is:
SN(mt) = V(B 01) — Va(E*, 6r).

Note that SN(rf = nf) < 0, S¥(xl = 1) > 0 because ;, < 1 — 0y and SN(xl) is
continuous on the closed interval [7£.1]. Then, by the Intermediate value theorem, there
exists mF € (7L, 1) such that SN(W5 = 0. This implies that the low type observes partial
information whenever beliefs are non-congruent. m

Proof. Lemma 7. I first show that the precision of the optimal E¥ decreases as the
coordination incentives increase. Since coordination incentives decrease in ¢, this is equivalent

o1



to showing that the optimal 7f increases in c. First, note that the high type surplus from
acquiring EL, SN(7l), is an increasing function of 7f since

8SN(71'1L) v L L p
e | g gV
(1 bm) | 2Lt 2= 0+ (1= ) + | 20

The first inequality holds since 6, < 1—6g by definition of the high type whereas the second
one holds for all non-congruent distribution of types, for all ¢ such that a symmetric menu
is optimal and for all distribution of private information. Second, note that the optimal 7T,
defined as 7f such that SV (rf) = 0, increases in ¢ because S™(7F) decreases in c. Hence,

the precision of the optimal £ decreases as the coordination incentives increase.

Second, I show that the precision of the optimal E* decreases in the correlation of private
information when data-buyers have coordination incentives. Define the degree of correlation
of private information as

KR = = ,

P(QZZHLWJ :QH)P(OZZQHWJ :QL) 1/2

where data-buyers’ private information is more correlated as x increases. In particular,
by definition, data-buyers’ private information is positively (negatively) correlated when
k > (<)1 and conditionally independent when x = 1.

Note that k is a decreasing function of v and that the effect of v on S™(7¥) depends on

the strategic incentives because

oSN (rk)

L—p P
o = (1 —7T1L)(C— 1) —29L7T1L — (1 —7T1L)

(1-v—0p) (p+v)?
In particular, SY(7F) is decreasing function of v when data-buyers have coordination in-
centives (¢ < 1). To see this, note that S™(nF) is an decreasing function of v if and only
if

p  1-p
(p+v)? (I—-v—p)

O (1 —7k) SO m < 0. (6)

and (6) holds for all

2 2

L Orp(l —v —p)
YT 0up(1— v — )2+ 0.(1— p)(v + p)?

N Oup(l —v —p)
and 8 <9Hp(1 —v=p)?+0(1—p)(v+ 0)2) <0
(7)
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where the optimal ¥ satisfies (7). Hence, the optimal 7i" increases in v since it is defined as
7l such that SV (7f) = 0 where S™(7f') is an increasing function of 7. This, in turn, implies
that the optimal 7 decreases in k. Analogously, we can conclude that that the optimal 7T
increases in the correlation of private information when data-buyers have anti-coordination

incentives. m

Lemma 11 Assume ¢ < 1 and that beliefs are congruent. In an optimal menu, the data-

seller offers no information to 0 if v < \/p — p and partial information otherwise.

Proof. Lemma 11. Proposition 1 implies that in an optimal menu E¥ = E, 7L =1
and that 71 is determined such that ICy binds. Given that both participation constraints
bind, ICy simplifies to Va(EL, 01) = Vi (E®, 05) where both expressions are computed by
assuming that j does not deviate form her equilibrium choices. The value of experiment E*
for the 01, and 0y are given by

Vi(E",0,) = (1 — 6,)rk K%) (1= 7l)e+ 7L] + (ﬁ)} and

VM(EL,HH):(l—HH)WZLK Y )[(1—W2L)c+7rﬂ+( P )}

v+p v+p

It is trivial that ICy binds if 72 = 0. Suppose now that 7% € (0,1]. Assume first that
v < ,/p— p. Then:

1—2v—p)

V(EE, 05) — Vi(EY,0,) > (1 — 0,) 7k <( rE + (1 — xb)d + ;)

1l—v—p 1—v—p

—(1—0;) L (%[wé + (1 —my)d + #_p)
—0

where the inequality holds since 07 > 0y, ¢ < 1 and v < /p — p. Thus, it is not possible
for the data-seller to offer partial information to the low type without inducing a deviation
from the high type. Assume now that v > /p — p. In this case, there exists 7k € (0,1] such
that VM<EL, 9L> = VM(EL, QH) if and only if
(L—v—p)le-v+pldn +[+p)?*—pl(1l-0)

E (T — 20— )+ /] +7) -

D>

(8)

where

1 (—v=p)lvetplbn +[(v+p)?* —p] (1 —¢) — [e(1 =20 = p) + 1] (v + p)0r
? (1=)[(w+p?—p—v(l—v—p)0u + v+ p)(1 —2v — p)0y]
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Thus, if the low type is sufficiently uncertain about the state, the data-seller is able to provide
supplemental information to the low type without attracting the high type. Otherwise, the

low type observes no supplemental information. m

Lemma 12 Assume ¢ > 1 and that beliefs are congruent. In an optimal menu, the data-

seller offers no information to 0 if v > \/p — p and partial information otherwise.

Proof. Lemma 12. The proof is analogous to the proof of Lemma 11. m

Proof. Proposition 4. This proof is contained in Lemma 11 and Lemma 12 where 0 is
defined as the left-hand side of Equation (8). m

Proof. Lemma 8. In an optimal menu in which the low type observes partial infor-
mation, (9) defines the optimal E¥. First, if data-buyers’ private information is negatively
correlated and they have coordination incentives, ¢ < 1 and v > /p — p. In this case, the

sign of % depends on the sign of
(v+p)?—p—v(l—v—p)ug+(1—=2v—p)(v+p)l

which is positive for all 67, > 0y and v > ,/p — p. Hence, the precision of E' increases in
c. As c increases, data-buyers incentives to coordinate decrease. Thus, the precision of E*
increases as the incentives to coordinate decrease. Similarly, the sign of Bg—jL depends on the
sign of
v+ p)Oup2—v—p) = 0(1=p)(v+p)+v—p)+ (1 —0u)p

which is positive for all 8, > 0y, v > /p — p and ¢ < 1. Hence, the precision of E*
increases in v. An increase in v decreases x which measures the degree of correlation between
their private information, defined in Lemma 7. Thus, the precision of E¥ decreases in the

correlation of private information.

Second, if data-buyers’ private information is positively correlation and they have anti-
coordination incentives, ¢ > 1 and v < ,/p — p. Analogously, it is straightforward to show
L L
that%>0and%ij<0. n

A.2 Proofs with N data-buyers

Lemma 13 The value of experiment E™ is increasing in its precision if
N N N N
c<1 andc(1+ [E—D > [5—‘ orc>1 and (1—1— [E—D 20{5—‘.
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Proof. Lemma 13. Consider the case in which data-buyer ¢ acquires experiment ET.

Vi (E",0) is increasing in 7t if

ONg ONg
Ameax{—wfaTli,(l—wf)ﬁ}. (10)
A sufficient but not necessary condition for (10) is
oAy ONY ONY
A > = 11
l—ma‘X{ a L?aﬂ_l} |aﬂ_%| ( )

since 7& € [0,1]. A{ depends on the distribution of the Conway-Maxwell-Binomial random

variable, x!',. The distribution function of a Conway-Maxwell-Binomial (n,p,v) random

variable is given by

z P p) ()
F(k;n,p,v) = Sir7)

where S(p,v) = Z p*(1 = p)"*(?)" is a normalizing constant. Given that { only affects

Pur 0, USing the chaln rule, we have:

8F<k7 Ny Puwi,b, Vw1,9) o aF(ka Ny Py b, le,e) 3pw1,9

871'{’ N 0pw1,9 aﬂ'%
where ag‘:rlL‘e =P(6; = 6,]0) and
1
k n
v -1 n—~¢—1 _ _ n\V, (-1 1— n—_{—1 _ F(k:
OF(kin,pv) g ()Pt -p) (£ — np) e; () p" 1 —p) (£ —np)| F(k;n,p,v)
apwlﬂ S(p7 ’/)
Note that
k n
v @ 1 n—~_0—1 n\v_ ¢—1 n—~—1
—p p(l—p
OF (k;n,p,v) <(k_np)fzzl() 1-2) +npézzl ()P a-p)
apon,@ N S(p, ) S(p, I/)
< (k—mnp)+np = k.
Then, 5 L is given by:
A OF([51- 1)
onk| = P(0; = 0.10)|(1 — C)W < |(1=o)f+]
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where the inequality holds since P(6; = 6,|0) € [0,1]. Moreover, A > min{1,c}. Then,
(11) holds for all 7{ € [0, 1] (or p, ») if

cE(l—c)(%} ifc<1<:>c(l+[g-‘) > [g-‘
12(c—1)(%} ife>1 @(1+[%-D zc[g]

Analogously, I can show that Vy(E™,6) increases in 7 under the same sufficient con-

ditions and that Vi (E™, 6) increases in 7. ®

Proposition 9 Assume that payoffs satisfy (3). The high type observes E and
1. If v < 1, the low type observes no information if beliefs are congruent and partial
information if beliefs are non-congruent.
2. If v > 1, there exists 0 e (0,1) such that the low type observes partial information if

beliefs are congruent and 0, < 6. and no information otherwise.
Proof. Proposition 9. When beliefs are congruent, 7 = 1 and 7% such that
Vm(E",0r) = Vm(E", 05).
First, the value that the low type attaches to experiment E* is given by:
V(B 0) = (1 — 01)ms Ay

where ! |(ws, 01) is distributed according to a CMB distribution with parameters N — 1,
Puno, = Nr(1 — L) and v. Second, the value that the high type attaches to experiment E*

is given by:
Viu(E", 0) = (1 = ) my A5"

where k! |(ws, 0p) is distributed according to a CMB distribution with parameters N — 1,
Punoy = (1 —ng)(1 —7L) and v. Denote by F(k; N —1,p,,,v) the distribution function of
a CMB distribution with these parameters. Given that the distribution of x!,|(ws,6;) and

kY| (wa, Opr) share two of those parameters, I simplify the notation to F'(k;py.,)-

It is trivial the incentive compatibility constraint of the high type binds if 72 = 0. Assume
now that 72 € (0, 1] and consider first the case in which data-buyers’ private information is
positively correlated or v < 1. In this case, n; > 1 — ny which implies that p., 9, > Du,.04
and

Vm(EE,0r) < (1 —0g)rd [c—i— (1-¢)F (N — (%1 —1;(1—ng)(1 - WQL))} = Vm(E, 05)
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where the inequality holds since 0y < 01, n, > 1 —ng and ¢ < 1. Then, the value of experi-
ment ET for the low type is lower than the one for the high type, Vi (E*,0.) < Vp(EL, 0y),
which implies that the incentive-compatibility constraint of the high type is violated. Thus,
it is not possible for the seller to offer information to the low type. Analogously, we reach
the same conclusion for v = 1.

In contrast, if data-buyer types are negatively correlated (v > 1) or n;, < 1 —ny, we have
that (1 — QL) < (1 — 0H> but

e+ (L= 9F (V=31 =t = 7h) > e+ (L= 9F (N = 151 = L= )1 - o).

Define

Vu(E,0,) — Viu(EL, 6
2

Note that AVy(1) < 0 by the definition of high type and

lim AV (eb) > 0iff 0, < 1— L 01) (c+0-aF (N-[51-1(1—mm)) |

L0 c+(1—¢)F (N — [%] — 1;77,;)

Then, the Intermediate value theorem implies that there exists at least one 7% € (0, 1) such
that Vy(E%,0.) = Vi (EL,0y). Thus, the seller is able to offer partial information to the
low type if and only if (12) holds.

Consider now the case in which beliefs are non-congruent. In this case, 77 = 1 and
7l is such that Vi (E*,0) = Va(EE,0y). First, the value that the low type attaches to
experiment E” is given by Vi (E¥,0,) = 0,7E A% where k! | (w1, 0;) is distributed according
to a CMB distribution with parameters N — 1, p,, 9, = nz7+ + (1 — nr) and v. Second, the
high type attaches a value to experiment E¥ given by

Vm(EY, 0y) = max{0, (1 — 0)AS" — 0 (1 — xE)AImY

where s |(wy,0p) is distributed according to a CMB distribution with parameters N — 1,
Pur.o, = Na+(1—ng)ml and v and k!, |(wq, O ) is distributed according to a CMB distribution
with parameters N — 1, p,,9, = 0 and v.?2 Note that Vy(E¥ 0y) is a continuous and
increasing function of 7f, Vy(E¥,0y) < 0 if 7 = 0 and Vi (E*,0y) > 0. Then, the
intermediate value theorem implies that there exists #¥ € (0,1) such that Vy(EL,0y) > 0
for all 7f > #F. Define AV (nF) = Vp(EY,01) — Vpm(EL, 0g). Note that AV (rF) is

22Then, P(k!, < klwz) =1 for all k > 0.
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also a continuous function of 7i, AV (7F) > 0 and AV (1) = (6, — (1 —6g)) < 0 by
the definition of high type. Thus, the intermediate value theorem implies that there exists
7l e (#F)1) such that AVy(7L) =0. =

Proposition 10 Assume that payoffs satisfy (4). The high type observes E and
1. If v > 1, the low type observes no information if beliefs are congruent and partial
information if beliefs are non-congruent.
2. If v < 1, there exists 0 € (0,1) such that the low type observes partial information if

beliefs are congruent and 0, < 0. and no information otherwise.

Proof. Proposition 10. The proof is analogous to the proof of Proposition 9. m
Proof. Proposition 5. This proof is contained in Proposition 9 and Proposition 10. m

Proof. Proposition 6. This proof is contained in Proposition 9 and Proposition 10. m

A.3 Proofs with correlated signals.

Proof. Proposition 7. Consider first the case in which data-buyers have congruent beliefs.

In this case, data-buyers’ value of experiment E™ with m € {L, H} is

m,L m,H m.L L H
'VM¢(5739H)=:VM<EW%9H)+-U«—c>[9HV¢1 O | (1 gy Y ]

v+p v+p
and

Vi (E™,01) =V (E™,0)

m,L m,H
+(1—C) [(QL(l 2v p) 1 +V¢1

+(1—10p)

l—v—p

(12— p)y™” + wyi"
1—v—p '

In an optimal symmetric menu, it is possible to show that the high type is offered full
information by following an analogous argument from Proposition 1. This, in turn, implies
that ™" = 0 and ¢ = 0 for all k € {1,2} and n € {L,H}. Also, analogously to
Proposition 1, it is also possible to show that E¥ must be concentrated, i.e., ¥ = 1, which
also requires that 1/1f’L = 0, and that both participation constraints and the incentive-

compatibility constraint bind. Hence, the data-seller’s problem is reduced to
H%LWW@wdeﬁme@wd:wW@ww
(3 y"™)

b € [0,1] and ¥5" € [V,
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where

y;:’L = max{—(7%)? (1 — 7T2L) =1, - (1 — WZL)Z} and

Eﬁ’L = min{1 — (75)% =% (1 — 7T2L) 1 — (1 — 7T2L>2} = 7 (1 — 7TL) .

Note that for any 75 € [0,1] and ¢3°" € [QQ’L,E;L], Ve (E*,61) is strictly increasing
in @/JQL 'L'if and only if ¢ < 1. Hence, when data-buyers have coordination incentives, it will
be optimal for the data-seller to offer the low type an experiment that exhibits the maximal
feasible correlation wQL e @jL Similarly, when data-buyers have anti-coordination incen-
tives, it will be optimal for the data-seller to offer the low type an experiment that exhibits
the minimal feasible correlation @/J2L L= y;L

When data-buyers have coordination incentives, the data-seller offers no information to
the low types if their private information is positively correlated since this is the only exper-
iment that satisfies incentive-compatibility for all feasible 12" and 7%. In contrast, when
their private information is negatively correlated, the data-seller offers a partially informa-
tive experiment to the low type where 7% is pinned down by the incentive-compatibility
constraint and %L b= EfL

When data-buyers have anti-coordination incentives, the data-seller offers partial infor-
mation to the low type if and only if their private information is positively correlated. In
contrast, the data-seller cannot offer partial information without inducing a deviation from
the high type when data-buyers private information is negatively correlated.

The proof of the non-congruent case follows the same steps and shows that it is optimal
for the data-seller to set 5" = E;L when ¢ < 1 and ¢ = y;L when ¢ > 1 and that the
optimal 7& € (0,1). This implies that the low type is offered partial information and the
correlation between experiments is maximized with coordination incentives and minimize

with anti-coordination incentives. m

A.4 Proofs with continuum of types

Proof. Lemma 9. I show this by contradiction. First, assume the optimal menu M* is
such that there exist a set ©~ C [0}, 1] of non-zero measure such that 77(6;) < 1 for all
0; € © and 7j(0;) = 1 for all 0; € [07,1] \ ©~. Consider an alternative menu M’ that
replaces 77 (6;) with 1 for all §; € ©~. Define

tM(0;) = M (0:) + Viwr (9(605),0:) — Vi ((65), 6;)
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and note that the participation and incentive-compatibility constraints for M’ are implied

by the optimality of M*. The change in the data-seller’s profits is

1

| (00— £4160) 4F@) = [ (Vae 006,00 — Ve (6).6)) 4F(6)
0 0 o
=0 [ omi) | | a0) (- 7i0) a0,080)

—I—/ 6;(1 — 7y (0 / fo,(65) (c(1 —73(6;)) + m1(6,)) dO;dF(6;)
6,0~

Therefore, the seller’s profits are higher with menu M’ for all ¢ < 1, contradicting the
optimality of M*. Moreover, there exists ¢ > 1 such that the data-seller prefers M’. The
proof for my(0;) = 1 for all 6; < 6} follows analogous steps.

Now we show the monotonicity of experiments. Consider first 73(6;). From Lemma 9 we
know that 75(6;) = 1 for all 6§, < f and 77(0;) = 1 for all 6; > 6. For 6, > 6, I show the
result by contradiction. Suppose in an the optimal menu, 75(6;) is increasing and consider
¢ and 0 such that ¢ > 67 > 7. Note that

Viu(g(6)), 8) = (1 — 8)m3(0)) / Jor(65)(c (1 — m5(6;)) + m3(6;))d6;

(1) 9”/fa ¢(1 = m3(6,)) + m3(6;))a0;
— Vaulg(8)), 6)

Similarly, Va(q(67),0!) < Vm(E(9;),67). However, this contradicts the participation and
incentive-compatibility constraints. Hence, m5(6;) must be non-increasing. The result for
71(0;) follows analogously. =

Proof. Lemma 10. The proof is analogous to the proof of Lemma 2 from Bergemann
et al. (2018). m

Example 1 To show that a menu of experiments with at most two informative signals is
not longer optimal for the data-seller, assume that F is uniform and consider the set of

information structures that are piece-wise linear, defined as follows:

m(0:) = § b6 + dy if 6; € 0y,0,) and mo(0;) =  —bab + da if 0; € [62,03)
1 if 0; >0, 0 if 6; > 05
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where by € [O,%}, by € [O,ﬁ], dy € [0,1], dy € [O,ﬁ] and 0 < Oy < 0, < 0" <0y <
05 < 1. The value of experiment E(0}) for data-buyer i of type 0; is given by

Vi (E(8)),6:) = 6, (6) {0(91 — o)+ (1—¢) {dl(el —0) + %(93 _ )+ 1— 91H
— (1= 6)(1 = ma(8)) {eg (05— 0) + (1 — ) {dQ(eg 6, — %2(93 _ eg)H
for all 6; < 0" and
Var (B).0) = (1= 0)ma(6) 2+ c(6s — 60+ (1 =) |aa(ta — 60) — 263 - )|

by

—0:(1 —m1(6))) [0(91 —0p)+(1—c¢) {dl(el —0) + 5(«9% —05) +1— 01H

for all 8; > 0*. The data-seller selects (by,dy)?_, and {0;}3_, to solve the following mazi-
k=1 k=0

mization problem:

1
max/ t(0;)d0; subject to Vi (E(6;),0;) > t(6;) for all 6; € [0,1] and
0
Vi (E(6:),0;) — t(0;) > Vam (E(6;),0;) — t(6;) for all 6;,0; € [0,1]

First, note that no information is offered to all data-buyers of type 0; € [0,6) U [03,1] and
full information s offered to 0; = 0*. Second, from local incentive-compatibility we can pin
down the transfers t(0;) as a function of (by,dy)i—, and {0}i_,-

A menu with at most two informative experiments requires that by = by =0, d, = 0 and
dp > 0 for k, k' € {1,2}, k # k'. However, as illustrated below, there is no d;. € (0,1] and
{01} _, such that setting by = by = 0 and dy, = 0 is optimal for the data-seller. In particular,

the optimal piece-wise linear information structures are listed in the following table.

c by d; by dsy o 01 | Oy | 05
/41173 0 |0.37]1.77 | 0.06 | 0.57
/2| 1 [0.01]0.02]076| 0 |0.55
3/41062| 0 |008]182| 0 |0.53
5/410.02] 0 |[008]012| 0 |047

— | = =] =
— | = =] =

Hence, it is not sufficient for the data-seller to offer at most two informative experiments.
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