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Abstract

We study optimal algorithmic disclosure in a lending market where a lender
uses a predictive algorithm to screen a borrower and maximize profit. The al-
gorithm, privately observed by the lender, uses borrower data as input, which
can be manipulated by the borrower. Full disclosure is suboptimal due to ex-
cessive “gaming the system,” while no disclosure is also suboptimal because the
lender’s ex-post efficient use of borrower data induces excessive ex-ante manip-
ulation. Optimal algorithmic disclosure deters manipulation and improves data
quality. Under the optimal policy, borrower data is used less intensively by the
lender, reducing manipulation incentives. Despite receiving additional infor-
mation about the predictive algorithm, the borrower’s posterior belief remains
significantly uncertain. Algorithmic disclosure can improve the lender’s payoff
even when she can commit to lending decisions or verify the borrower’s type at

a cost.
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1 Introduction

Predictive algorithms have been widely used to mitigate adverse selection in vari-
ous decision-making processes, including hiring, college admissions, and lending.! In
these settings, decision makers use predictive models to establish relations between
observable personal data and unobserved variables that are relevant to their decision-
making problems. For example, employers score resumes to predict job performance,
schools use standardized test results to assess academic potential, and FinTech lenders
analyze alternative data to evaluate creditworthiness. In these cases, the specific rela-
tionship between the input (personal data) and the output (quality) is not transparent
to the public, leaving economic agents (such as job candidates, students, and bor-
rowers) with limited information about it. With the development of big data and
data processing technology, predictive algorithms have become more complex and
nonintuitive, involving variables that have no obvious relationships with each other,
and thus have become even more opaque. Although there is a growing call for al-
gorithmic transparency,? a key argument justifying the opaque nature of predictive
algorithms is the risk of manipulation,® or “gaming the system.” When economic
agents know more about the predictive model, they are more likely to change their
behavior strategically, which reduces the informativeness of the input data. Despite
the importance of this question, the effects of algorithmic transparency and opacity
on market outcomes are still underexplored in academic research. Although recent
regulations have started to consider this issue,? the motivation typically stems from
behavioral concerns, such as privacy or fairness, and largely ignores the effects on
market efficiency. Furthermore, the limited understanding of the consequences of

algorithmic transparency creates uncertainty about future regulations,” potentially

1See Bogen and Rieke (2018) for algorithmic hiring, Kizilcec and Lee (2020) for algorithmic
fairness in education, Bruckner (2018) and Di Maggio et al. (2021) for algorithmic lending.

2« .company using algorithmic decision-making must know what data is used in its model and
how that data is used to arrive at a decision and explain that to the consumer.”—Federal Trade
Commission; “Whenever personal data is subject to automated decision making, people have ....the
right to an explanation”— General Data Protection Regulation.

3Wang et al. (2020) discuss several examples about manipulation under algorithmic transparency.

4For example, the Digital Services Act (“DSA”), which takes effect on February 17, 2024, intro-
duces due diligence and transparency obligations regarding algorithmic decision-making by online
platforms. In the UK, the CDDO (Central Digital and Data Office) has launched an algorithmic
transparency standard for government departments and the public sector.

5For example, in June 2021, NCRC, Affirm, Lending Club, Oportun, PayPal Holdings Inc, Square
and Varo Bank asked the Consumer Financial Protection Bureau (CFPB) to provide guidance on



adding another layer of inefficiency.

To better understand this question, this paper studies the optimal disclosure of
a predictive algorithm that maximizes the algorithm user’s objective in a FinTech
lending setting. There are two players in this model: a borrower (he) and a lender
(she), both of whom are risk-neutral. The borrower has a binary private type and
owns a project whose payoff increases with the type. The lender and borrower have
misaligned incentives regarding the financing decision. The lender wants to finance
the project only if its expected payoff exceeds a constant cost, while the borrower de-
sires financing regardless of the project’s payoff. Although the lender cannot directly
observe the borrower’s type, the borrower generates personal data with binary real-
izations (e.g., using iOS or Android, or social media presence), which is informative
about his type. A better-type borrower generates “better” data, while a worse-type
borrower generates “worse” data. This personal data is subject to an unobservable
manipulation problem. Specifically, the borrower can privately manipulate his data,
changing its realization to the other one by paying a manipulation cost ¢, which is
known only to the borrower. The lender only sees the final realization of the data,
which may have been manipulated.

The exact relationship between the borrower’s type and the project payoff is unob-
servable to the borrower but observable to the lender. For simplicity, we assume that
the expected project payoff is zero for a worse-type borrower and v for a better-type
borrower. The value v is known only to the lender, and intuitively, it influences the
worse-type borrower’s incentive to manipulate his data. In our model, v also repre-
sents the correlation between the project payoff and the borrower type. We refer to
this value v as the “variable importance” of the predictive model.

The borrower cares about the probability of the project being financed, and the
lender finances the project only if the expected payoff exceeds a constant cost. The
lender’s evaluation of the expected payoff depends on two factors: the value of the
variable importance v and the probability that the borrower is of a better type. The

first factor, the variable importance v, is exogenous and is the lender’s private in-

how it will apply disparate impact rules to any systems that use artificial intelligence (AI), machine
learning (ML), algorithms, or alternative data to make lending decisions.

6In fact, we borrow the term “variable importance” from the machine learning literature. “In
machine learning, feature (variable) importance indicates how much each feature contributes to the
model prediction. Basically, it determines the degree of usefulness of a specific variable for a current
model and prediction.” (What Is Feature Importance in Machine Learning?, Baeldung).



formation. The second factor depends on the borrower’s data manipulation; less
manipulation makes the data more informative about the borrower’s type. When
the lender discloses some information about the variable importance v to the bor-
rower, it influences the borrower’s assessment of the financing probability and his
data manipulation incentives, which in turn affects the lender’s payoft.

After the borrower receives some information about the variable importance v, a
lending market equilibrium emerges accordingly. This equilibrium includes the bor-
rower’s data manipulation strategy and the lender’s lending decision. A better-type
borrower will never manipulate his data, while a worse-type borrower will manipu-
late if his manipulation cost is below a certain cutoff. The lender will not lend to a
borrower with worse data, but will lend to one with better data if the variable im-
portance v exceeds an endogenous cutoff. Therefore, the lending market equilibrium
is defined by two cutoffs: a manipulation cost cutoff for the worse-type borrower’s
decision and an variable importance cutoff for the lender’s lending decision. We then
characterize the optimal disclosure of the variable importance v that maximizes the
lender’s payoff.

First, the lender receives zero payoff (the worst possible outcome) if she chooses
full disclosure, i.e., disclosing the exact value of variable importance v to the bor-
rower. This happens because, knowing the exact value of v, a worse-type borrower
manipulates his data in such a way that the lender always becomes indifferent be-
tween lending and not lending to a borrower with better data, resulting in a zero
payoff in equilibrium. This implies that full disclosure induces too much “gaming
the system”, and thus reduces model effectiveness. Second, if the lender chooses no
disclosure, i,.e., not disclosing any information about the variable importance v to the
borrower, she can achieve a positive payoff, demonstrating that no disclosure is better
than full disclosure. This aligns with conventional wisdom that keeping the predictive
model opaque can deter data manipulation and improve efficiency. However, we show
that no disclosure is still suboptimal. To understand this, consider the case when
the variable importance is just slightly above the equilibrium cutoff, and in this case,
the lender lends to the borrower if he has better data. Although lending in this case
is ex-post efficient , it marginally increases the ex-ante financing probability from
the borrower’s perspective. This slight increase in financing probability incentivizes
worse-type borrower to manipulate his data, reducing its informativeness. It turns

out that in this case, the payoff loss from reduced data informativeness outweighs the



marginal gains from lending. This also implies that the borrower data is used too
often in the no disclosure equilibrium, because the lending decision depends on the
borrower data only when the true variable importance is higher than the equilibrium
cutoff.

We characterize the structure of the optimal disclosure policy, which features
partial disclosure. The optimal policy divides the support of the borrower’s prior
belief into disjoint groups and reveals the group to which the true variable importance
v belongs. Each revealed group leads to a different equilibrium in the lending market.
Regarding the structure of these groups, there exists a group-independent cutoff v*
such that, regardless of which group is revealed, in equilibrium, the lender will lend
to the borrower if and only if the borrower has better data and the true variable
importance is above v*. The lender will reject the borrower if he has worse data
or if the true variable importance is below v*. Although different revealed groups
lead to different lending market equilibria, the effective lending cutoff remains v*.
This occurs because, for each group (except for at most one), there is a gap in the
borrower’s posterior belief between the regions above and below the cutoff v*.

The structure of the optimal policy reveals key intuitions. First, in the optimal
disclosure, regardless of which group is revealed, the lender will make the loan if
and only if the variable importance v is higher than the group-independent cutoff v*.
Then unconditionally, the loan decision is monotone in variable importance which is
efficient. Second, minimizing manipulation by worse-type borrowers is crucial because
increased manipulation makes the data noisy, reducing the profitability of lending to
a borrower with better data. Under the optimal policy, regardless of which group
is revealed, there are always two regions in the borrower’s posterior belief about v:
one below v* and one above it, with a positive gap between these regions. This
gap maintains significant uncertainty in the borrower’s posterior belief even after the
lender’s disclosure, which helps mitigate manipulation behavior.

Borrower data is used less frequently under the optimal policy compared to both
full disclosure and no disclosure scenarios. The intuition is as follows: Under full
disclosure, the probability of using borrower data is highest because the borrower’s
manipulation incentive monotonically increases with variable importance. Although
the lender is less willing to use the data when variable importance is low, the borrower
manipulates less in this case, leading the lender to use the data even if the variable

importance is not very high. In the no disclosure case, this issue is mitigated because



the borrower’s manipulation is independent of variable importance, deterring the use
of borrower data when variable importance is not high. The optimal policy reduces
data use further by varying the borrower’s manipulation among different groups. For
some groups, low equilibrium manipulation is sufficient to deter use when variable
importance is below the cutoff v*. For other groups, high equilibrium manipulation
deters use even when variable importance is relatively high. Unconditionally, the
optimal policy deters the use of borrower data more effectively.

We also provide a closed-form characterization of the optimal policy by imposing
an assumption on the distribution of the borrower’s manipulation cost. The opti-
mal policy includes a discrete part, which induces an equilibrium with the lowest
manipulation level among all posterior equilibria, and a continuous part, where ma-
nipulation levels vary continuously. This simplifies the optimal disclosure problem
to a one-dimensional optimization problem, which can be solved by a differential
equation.

We then consider the implementation of the optimal policy in two contexts. The
first involves sharing training data to achieve algorithmic transparency. If the true
correlation between the borrower’s personal data and creditworthiness is below a
threshold, the lender shares a representative or full sample with the public (borrow-
ers). If it is above the threshold, the lender adds noise to the sample, making the
correlation appear lower, thus keeping the borrower uncertain about the true correla-
tion. The second example involves disclosing variable importance in machine learning
models. If the true variable importance is below a threshold, the lender discloses its
true value. If it is above the threshold, the lender understates the variable impor-
tance in a specific way, maintaining uncertainty in the borrowers’ belief about the
true variable importance.

Finally, I consider two extensions that explore the interaction between optimal
disclosure and other methods of deterring manipulation. The first extension examines
the case when the lender can also commit to lending decisions. In this extension, the
lender can disclose information to the borrower after committing to a specific lending
decision. We show that, under certain conditions, algorithmic disclosure can still
improve the lender’s payoff even after the lender commits to a lending decision. This
result highlights the importance and robustness of information disclosure in deterring
manipulation in our setting.

The second extension considers the costly verification of borrower type. In prac-



tice, lenders can verify borrower types through manual reviews, interviews, and fraud
detection techniques. In this extension, the lender can verify the borrower’s true type
at a cost. We explore how costly verification interacts with algorithmic disclosure
under the optimal policy. It turns out that in the optimal joint design, these two
methods act as substitutes. The lender first reveals whether the true variable impor-
tance is above a threshold. If it is, the lender will randomly verify the borrower’s type
and will not disclose additional information. If it is below the threshold, costly ver-
ification is not used, and additional information about the true variable importance
is disclosed similarly to the baseline model. This result confirms the importance
of algorithmic disclosure in deterring manipulation even when costly verification is
available.

The rest of this paper is organized as follows. In this section, we continue to discuss
related literature. Section 2 provides a simple model to highlight the intuition, and
Section 3 introduces the main model. In Section 4, we discuss the properties of the

optimal disclosure policy. Section 5 studies two extensions, and Section 6 concludes.

Related Literature

This paper contributes to three main strands of literature. First, there is an emerg-
ing but rapidly expanding body of work on the impact and regulation of algorithmic
decision-making, with most existing research focusing on behavior concerns like fair-
ness, bias, and discrimination (e.g. Bartlett et al. (2021), Milone (2019), Gillis and
Spiess (2019),Raghavan et al. (2020),Coston et al. (2021)). Our paper extends this
literature by exploring algorithmic disclosure from a perspective of market efficiency.
And we argue that even without these behavior concerns, algorithmic disclosure is
still optimal. A related study by Wang et al. (2020) also examines strategic data
manipulation but only compares full transparency and no disclosure policies. They
consider both the correlational and causal observables, and focus on the trade off be-
tween the investment on these two types of features. In contrast, our research focuses
on correlational features as inputs in predictive algorithms, and more importantly, we
consider flexible disclosure policies and gain deeper insights into the design of optimal
algorithmic disclosure. Additionally, Blattner et al. (2021) address the trade-off be-
tween model complexity and transparency and the role of algorithmic audits, which

is different from our focus. Bjorkegren et al. (2020) empirically demonstrate data



manipulation when algorithms are transparent. There is also an expanding literature
on algorithmic explainability and explainable Al (e.g., Bhatt et al. (2020), Carvalho
et al. (2019), Lundberg and Lee (2017), Murdoch et al. (2019)), which primarily
addresses the “black box” nature of machine learning algorithms, while our paper
simplifies this nature to address an information design question in economics.

Second, our research contributes to the literature on Bayesian persuasion (Ka-
menica (2019) and Bergemann and Morris (2019) provide excellent surveys). We
model the information structure following Kamenica and Gentzkow (2011) and ad-
dress a persuasion problem with a continuous state, akin to Dworczak and Martini
(2019) and Perez-Richet and Skreta (2022). Generally, Bayesian persuasion problems
with continuous states are intractable, except in some special cases (e.g., Gentzkow
and Kamenica (2016), Dworczak and Martini (2019), Goldstein and Leitner (2018)).
Our theoretical results are derived using a novel “guess and verify” method. Bayesian
persuasion has many applications in economics and finance, including shareholder vot-
ing (Malenko et al. (2021)), security design (Azarmsa and Cong (2020); Szydlowski
(2021); Inostroza and Tsoy (2022)), bank stress test (Goldstein and Leitner (2018),
Goldstein and Leitner (2020) Inostroza (2019), Inostroza and Pavan (2021), Leitner
and Williams (2020)) and financial network (Huang (2020)). Our paper contributes
by addressing a new question (algorithmic disclosure) and providing a novel optimal
signal structure.

Lastly, this research is related to the literature on strategic data manipulation
(Frankel and Kartik (2019a), Frankel and Kartik (2019b); Ball (2019); Perez-Richet
and Skreta (2022)) and signaling models. Our approach to modeling private infor-
mation on the borrower side is similar to Frankel and Kartik (2019b). Ball (2019)
examines multi-dimensional features and shows that the optimal scoring rule un-
derweights some features to deter manipulation. These studies primarily focus on
improving efficiency through commitment to decision rules. In contrast, we address
an information design question, focusing on how commitment to information disclo-
sure can enhance efficiency. Perez-Richet and Skreta (2022) consider how test design
changes players’ manipulation incentives. The key difference between our papers is
that the decision maker has no private information in their model, while the decision

maker’s private information is the key part of our model.



2 A Simple Model

To fix ideas, let’s first consider a simple model. There are two players: a lender (she)
and a borrower (he), both are risk neutral. The borrower has zero initial wealth, and
is protected by limited liability. He has a borrower-specific project which requires an
investment I = 3. The project generates a positive cash flow V' = 10 if it succeeds,
and zero if it fails. The probability of success is a random variable. The lender has
all bargaining power and collects all payoffs from the project, while the borrower
receives a private benefit b = 1 if his project is successfully financed, irrespective of
its outcome.

The borrower can be good or bad, with probability ¢ = 0.3 and 1 — u = 0.7,
respectively. The borrower type is his private information. A good (bad) borrower has
high (low) phone usage naturally, but a bad borrower can privately change the phone
usage from low to high by incurring a private cost ¢, which is uniformly distributed
between 0 and 1.” A key assumption is that manipulating phone usage does not
change a borrower’s inherent type. In this market, the only data that the lender can
collect and use is the the borrower’s phone usage after potential manipulation.

A bad borrower always fails, so his probability of success is always zero. A good
borrower’s probability of success v is drawn from a uniform distribution U [0, 1], and
its realization is only observable to the lender. The lender can commit to disclosing
some information about v to the borrower before observing its realization, we examine

the equilibria of three types of disclosure policies in this section.

No Disclosure

Suppose the lender does not disclose any information about v, it can be shown that
there is a unique equilibrium which is characterized by two cutoffs ¢y and vy. A
bad borrower with manipulation cost lower than ¢y chooses to manipulate his phone
usage from low to high. The lender always rejects a borrower with low phone usage
and lends to a borrower with high phone usage if and only if v > vy.

The equilibrium condition for a bad borrower with manipulation cost cy is

Prob (v > vy) - b = ¢,

"Here we only allow a bad borrower to manipulate his phone usage for simplicity of exposition.
But the result does not change if we allow a good borrower to manipulate his phone usage from high
to low, because a good borrower will never manipulate this in equilibrium.
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Figure 1: Lender’s Payoff: No Disclosure

where Prob (v > vy) = 1 — vy is the probability of a borrower with high phone usage

receiving a loan. The lender’s equilibrium condition is

ponV = (pu+ (1 — ) Prob (¢ < en)) 1.

_ pl4+(A=p)Ib

= wiawn and oy =

With our assumptions, the unique equilibrium values are vy

b- % Then the lender’s profit is

1
Wy = uV/ (v —wvN) dv.
N

We can show that in this equilibrium, vy = 0.59, ¢y = 0.41 and Wy = 0.25.

Figure 1 characterizes the above equilibrium. The green triangle in Figure 1
represents the profit Wy . In equilibrium, the loan is approved for a borrower with
high phone usage when v > 0.59. The green line on the horizontal axis represents the
support of posterior belief of v. In this no disclosure equilibrium, the posterior belief

is the same as the prior belief.

Full Transparency

If the lender perfectly reveals the realization of v to the borrower, we can show that
her profit equals zero, leading to the worst outcome. To see this, when vV < I,

lending is always inefficient, resulting in no financing and hence zero profit. For any
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vV > 1, in equilibrium, the lender must be indifferent between lending to a borrower
with high phone usage and not lending at all. Thus, the profit must also be zero for
any vV > I.

A Binary Signal

Our question is, can the lender achieve a strictly higher outcome by disclosing some
information about v to the borrower? The answer is yes. The definition of disclosure
policy is formally introduced in Section 3.1, here we consider a simple case. Let’s
consider two sets A = [0,0.54) U (0.64,0.91), and A® = [0.54,0.64] U [0.91, 1].

Consider the following disclosure policy: the lender reveals whether v is in the
region A or A®. There are two possible equilibria depending on which region the
realization v belongs to. If v € A, the posterior belief about v is a uniform distribution
on two disjoint intervals [0,0.54) U (0.64,0.91), and we can show that the equilibrium
outcomes are v; = 0.54, ¢; = 0.34, and W, = 0.19. Similarly, if v € A®, the posterior
belief about v is a uniform distribution on [0.54,0.64] U [0.91, 1], and the equilibrium
outcomes are vy = 0.64, ¢y = 0.48 and Wy = 0.09.

Figure 2 characterizes these two equilibria. The red trapezoid in the left panel
represents the profit in the equilibrium when observing v € A, and the two red
intervals on the horizontal line represent the support of the posterior belief in this
equilibrium. In this case, the lender lends to the borrower with high phone usage
only when v € (0.64,0.91). Similarly, the right panel shows the profit on observing
v € AL, The total profit with this disclosure policy is

Ws=W; + Wy =0.19+0.09 = 0.28 > 0.25 = Wy.

So the expected profit indeed improves.

Our analysis shows that the binary signal dominates both the no disclosure policy
and full transparency policy. The result that full transparency policy is dominated is
clear: when the exact information about the probability of success v is disclosed to
the borrower, a bad type borrower manipulates his phone usage such that the profit
from using the borrower data in lending decisions is always zero, and the lender is
indifferent between using and not using the borrower data. The inefficiency in the no
disclosure equilibrium arises due to the lender’s lack of commitment problem, that is,

the lender always makes the most efficient use of borrower data ex post in the lending

11



| I+ (1-p)Prob(c < c2)lI

uI4(1-p)Prob(c < ¢1)I

0 0.54 0.64 091 1 0 0.54 0.64 091 1
v v

Figure 2: Lender’s Payoff: binary signal
decision. To see this, suppose that the lender commits to lending to the borrower

with high phone usage if v > . We can calculate the equilibrium profit as a function

of x, specifically, the lender’s profit is®

1
W)= [ oV = (u+ (L= ) (L= @) D)o,
Since vy satisfies poyV — (u+ (1 — p) (1 —wvy)) I =0, we can show that

dw (z)

> 0.
dx

T=vN

The above result shows that the equilibrium cutoff vy is inefficiently low from an
ex ante perspective. Note that when v < vy, the borrower data is effectively not
used in the lender’s lending decision, because the borrower will be rejected no matter
what his data is. The borrower data will be used only when v > vy, at which point a
borrower with high and low phone usage will receive different loan approval decisions.
So the probability that the borrower data is used in lending decisions, (1 — vy), is
inefficiently high in this no disclosure equilibrium. When the lender uses the borrower
data more often ex post in some states, a bad borrower is more likely to manipulate

his data ex ante, and the total financing cost will increase for all other states from

8The bad type borrower chooses to manipulate when ¢ < ¢, = b(1 — ).
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the ex ante perspective. This cross-state externality makes no disclosure equilibrium
inefficient.

To mitigate the excess manipulation, the binary signal defers the lender’s use
of borrower data by differentiating the lending market equilibria. Unconditionally,
with the binary signal, borrower’s phone usage data is used when v > 0.64, while
it is v > 0.59 in the no disclosure equilibrium. So the data is used less frequently
under the binary signal. Intuitively, by differentiating the two equilibria, the “worse”
equilibrium (v € AE) effectively guarantees that the borrower data will not be used in
cases when it was indeed used in no disclosure equilibrium (when v € (0.59,0.64)), and
the “better” equilibrium (v € A) has lower level of data manipulation and generates
more efficient outcome.

In the main model, I'll consider a general space of disclosure policies. But this
binary signal has several notable properties that are still robust in the optimal dis-
closure policy in the general model. First, there exists a threshold (v* = 0.64), such
that unconditionally, the borrower data is used in lending decisions if and only if the
true state is above the threshold. This cutoff property always holds for any posterior
equilibria under any disclosure policy, and here we show it also holds unconditionally
in the optimal policy. Second, for any signal realization of information disclosure
(ve Aorwv e AE), the support of posterior belief can always be separated by this
ex ante cutoff v*. Third, the unconditional probability of using the borrower data in
lending decisions is lower than that in the no disclosure equilibrium, implying that
the borrower data is used less intensively under optimal disclosure. Lastly, the binary
signal induces two posterior equilibria, one with higher (v € AE) and the other with
lower (v € A) data manipulation levels than the no disclosure equilibrium. All of

these properties still hold in the optimal disclosure policy in the general model.

3 The Main Model

3.1 Model Setup

Now let’s introduce the formal model. There are two players in this model: a deep
pocket lender (she) and a representative borrower (he), both are risk neutral. The bor-
rower has zero initial wealth but has access to an investment opportunity (a project)

that costs I > 0. The project payoff V is a random variable. We assume the lender
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has all the bargaining power and the borrower is protected by limited liability. If the
lender finances the borrower, she obtains all the profit, V' — I, from the investment;
the borrower, on the other hand, gets private benefit b > 0 from undertaking the
project. If the lender does not lend to the borrower, then both players obtain their
outside options which are normalized to zero.

The borrower type X € {0, 1} is private information. The probability that the
borrower type is X = 1 is denoted by pu, which is also the lender’s prior belief. The
project payoff for a borrower with type X is

V=X v+e (1)

where € is pure noise, independent of X, and satisfies E (¢) = 0 and Var (¢) < oo.
The distributional information about € is public information. Then it’s clear that
E (V|X) = X -v. The key feature of our model is that the value of v is drawn from a
distribution, and its realization is privately observed by the lender. For simplicity, we
assume the value v is drawn from a continuous distribution on [0, v] with a probability
(cumulative) distribution function g (-) (G (-)). Assume function g is continuous and
strictly positive on [0,9]. To focus on the interesting case, we assume that v > I,
otherwise, the lender will never lend to the borrower. The borrower only knows the
distributional information g (and G) but not the realization. The equation (1) repre-
sents a predictive model, and the interpretation of the model parameter v may vary
depending on the context. For example, v can be the variable importance or feature
importance in machine learning models, or it can simply represent the correlation in a
statistical model.? In practice, a FinTech lender might use long-term, historical, and
unmanipulated data, along with their proprietary machine learning model, to extract
the correlation between borrowers’ choices of phone operating system and the default
probability within the population. However, borrowers cannot observe this correla-
tion information. For the rest of this paper, we refer to v as the variable importance
to align with its interpretation in a machine learning setting.

Although the lender can’t observe the borrower type X directly, she has access to
some borrower data z, which is informative about the borrower type X. We assume

that the borrower data x also takes values in {0, 1}. For instance, the data = could be

9Note that in our setting, the correlation between the outcome variable V and the type X is
XYV = %(), which is an increasing function of v.
W mass
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the operating system used by the borrower, or more generally, his digital footprint,
that is informative about the borrower’s type (credit quality).!® A borrower with
type X =1 (X = 0) naturally generates data x = 1 (z = 0), however, the data x is
subject to the borrower’s manipulation. Specifically, a borrower can change = from 1
to 0, or vice versa, by incurring a private cost c. This manipulation does not alter the
borrower’s true type X. Therefore, if the data is not manipulated, x = X, the data
perfectly reveals the borrower’s type. If the data is manipulated, then x = 1—X. The
cost ¢ is independent of all other random variables in the model, and is drawn from a
continuous distribution on (0, ¢] with a cumulative distribution function K (-). Only
the borrower observes its realization. For simplicity, assume K’ (¢) exists everywhere

and is continuous and strictly positive at any ¢ € [0, ¢].!!

Assumption 1. pv < [p+ (1 —p) K (b)] 1.

Assumption 1 implies that in any equilibrium, the lender will never lend to the
borrower with data x = 1 with 100% probability. If the lender indeed lends to the
borrower with data x = 1 for sure, the probability that the borrower has data z = 1
becomes [p + (1 — p) K (b)], and the expected cost of financing, [u+ (1 — u) K (b)] 1,
is higher than the maximum payoff from the project, pv, and thus lending is unprof-

itable for the lender. So this can not be an equilibrium with Assumption 1.

Disclosure About the Predictive Model

To maximize her expected profit, the lender can reveal some information about the
predictive model (1) to the borrower, which is represented by the parameter v in our
setting. Specifically, the lender commits to a policy that reveals information about v

before observing its true value, and the borrower makes data manipulation decision

0Berg et al. (2020) mention that “..simple, easily accessible variables from the digital footprint
proxy for income, character, and reputation and are highly valuable for default prediction. For
example, the difference in default rates between customers using iOS (Apple) and Android (e.g.,
Samsung) is equivalent to the difference in default rates between a median credit score and the 80th
percentile of the credit bureau score. ” A related example is that in 2019, Goldman Sachs issued a
new credit card, the “Apple Card,” which can only be applied for on an iOS device. In this case, they
effectively used the phone operating system as a screening variable in their credit card application.

HFor example, in the case of the Apple Card, which can only be applied for on an iOS device,
applicants without such devices might strategically alter their behavior by purchasing a new iOS
device or borrowing one, based on their belief in the variable importance of operating system in
predicting their true credit quality. Such behavioral changes, while costly, make the operating
system data noisier and less effective in the predictive model.
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after observing the revealed information. To make the disclosure policy as flexible as

possible, we adopt the standard definition used in the information design literature.

Definition 3.1. A disclosure policy (S,d) consists of a measurable space S and a

mapping & from the realization v € [0, v] to a distribution over the signal space S:
g :10,0] = AS.

Let s € S, then (v, s) forms a joint distribution on [0,7] X S§. Let the marginal
cumulative (probability) distribution function of s be F' (f), and the conditional

cumulative (probability) distribution function of v|s be Il (7,), then we must have

/ T dE = g.
seS

For simplicity, we use {F, 7} to represents the distribution of posteriors induced by
the signal, which is an element in A (AS).

The lender discloses a signal s following the disclosure policy, and then the bor-
rower updates his belief and chooses his manipulation strategy accordingly. As dis-
cussed in the literature, the main advantage of modeling information disclosure in this
way is the flexibility. Intuitively, the information structure defined in Definition 3.1
summarizes all possible ways of disclosing information to the borrower, and thus our
model also sheds light on the boundary of the pure information channel mitigating
strategic manipulation.

Later we will show that optimal disclosure policies can always be implemented
by a specific class of policies known as deterministic policies. In these policies, the
signal realization conditional on any state v is deterministic, and thus the disclosure
policy can be represented by a message function, see below for the formal definition
of a deterministic policy. For simplicity, let §, be the Dirac measure, which puts

probability 1 on the state z, and zero otherwise.

Definition 3.2. A disclosure policy (S, ) is deterministic if for any v € [0, 9], the
signal realization is deterministic, i.e., there exists a measurable function o : [0, v] —
S, such that

G = Go).

We also call o (v) the message function.
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Throughout this paper, when there is no confusion, we use (S, ) to represent a

deterministic disclosure policy with signal space S and a message function o.?

Timeline

All events occur in the following order:

1. The lender chooses a signal structure (S, &); then v is randomly drawn from the

distribution g (v) and observed by the lender.
2. A signal realization s is generated based on (S, ) , and disclosed to both players.
3. The borrower decides whether to manipulate his data x.

4. The lender decides whether to lend to the borrower or not based on the observed

data x and the true value of v.

5. All random variables are realized, and both players receive their payoffs.

3.2 The Market Equilibrium

We first investigate the market equilibrium after a signal s is revealed under a dis-
closure policy (S,5). Let’s call this the subgame s. For a borrower with type X and
manipulation cost ¢, his decision, 7, (X, ¢) € [0, 1], is the probability of manipulating
his data 2 upon observing signal s. For the lender, her decision, a, (x,v) € [0, 1],
is the probability of lending to the borrower based on the borrower data z (after
potential manipulation), the lender’s privately observed variable importance v, and
the public signal s.

The lender’s expected profit of lending to a borrower with data x =1 is

Ur=po [ 1= (LA dK @)= [ (1= (LAJdK (©) + (1= p) [ 70,00 dk ()] 1,
(2)
12For example, the full transparency policy can be represented by a signal space S = [0,9] with

a message function o (v) = v; and the no disclosure policy can be represented by a signal space
S = {0} with a message function o (v) = 0.
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and zero otherwise. Similarly, her expected profit of lending to a borrower with data

xr=01is

U= v [ 5 (1)K (€)= [ [ 7 (L) K (€) + (1= ) [ [1 =5, (0, )} ()] T
3)

and zero otherwise. So the lender’s choice ay (z,v) solves the following problem:

max aU, (4)
a€(0,1]

for x+ = 0,1. Then in the subgame s, the probability that the project owned by a

borrower with data x can be financed is

ds (z) = /Ov s du. (5)

For a borrower with type X, when he manipulates the data, his data x becomes
1 — X, then his profit is
ds (1—X)b—c.

If he does not manipulate the data, his data x remains to be X, and his profit is
ds (X)0.
Then his decision v (X, ¢) solves

max (1 —7)-ds (X)b+~v-(ds(1—=X)b—¢). (6)

~€[0,1]
We introduce a formal definition of the lending market equilibrium of subgame s
below.

Definition 3.3. An equilibrium of subgame s consists of the borrower’s manipulation
strategy s (X,c¢) and the lender’s lending strategy s (x,v), such that under the

posterior belief 74, the following two conditions are satisfied.

1. The lender’s strategy a; (x,v) solves (4).

2. The borrower’s strategy vs (X, ¢) solves (6), where dg (x) is defined in (5).

It turns out that the lending market equilibrium has a simple structure. First, in

the appendix, we show that -, (1,¢) = 0, this is because a borrower with data x = 1
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is always perceived as being of better quality by the lender, so he has no incentive
to manipulate his data. This implies that only a borrower with type X = 0 will
possibly choose to manipulate his data, and thus the lender always rejects a borrower
with z = 0, leading to d, (0) = 0. Therefore, we just need to focus on the borrower’s
strategy when his type is X = 0 and the lender’s strategy when she faces to a borrower
with data x = 1. In equilibrium, a borrower with type X = 0 decides to manipulate

his data only if his manipulation cost is low enough, i.e.,
c<b-ds(1) =cs.

The lender lends to a borrower with data x = 1 only if the privately observed v is
high enough, i.e.,

pv — [+ (1 —=p) K(c)] I >0<=v>uv, = [M+(1_M)K(CS)].I. (7)

1

When v = v, the lender is indifferent to lending or not. The equilibrium can be
summarized by these two cutoffs ¢ and v,. The following lemma characterizes the

lending market equilibrium for the subgame s.

Lemma 3.1. For any subgame s, if Il (I) = 1, there is no financing in any equilib-
rium; if I (I) < 1, there exists a unique equilibrium with two cutoffs cs and vs, such
that

0 if ¢ > ¢
1. 7 (1,¢) =0, and v, (0,¢) = € [0,1] ifc=c,-

1 if ¢ < cs

1 if v > v
2. a5 (0,v) =0, and o, (1,v) = € [0,1] if v =0, -

0 if v < ws

3. ¢s and vs are solved by the following equilibrium conditions
cs=0b-ds(1), (8)
Prob(v > vg|s) < ds (1) < Prob(v>wsls), (9)
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and

Us:[ﬂ"‘(l—/l)K(Cs)]], (1())

I

where Prob(-|s) is the probability function of the posterior belief about v under

the subgame s.

The lender’s expected profit in the subgame s is
W, = uE; [(v — vs)ﬂ = u/ (v —wvs) 7 (V) dv.

For the rest of the paper, we use (vs, ¢s) to represent the two equilibrium cutoffs
mentioned in the above lemma under a signal realization s. Since there is no financing
when II, (I) = 1, without loss of generality, we choose ¢, = 0 and vy = 0 for this case.
By choosing a disclosure policy (S, ), the distribution of the signal s (represented by
F (s) or f(s)) is uniquely pinned down. Under each realization s, the belief about v is
updated to 7, and the lender obtains the expected profit W characterized in Lemma
3.1. Then the lender’s expected profit is [, WsdF (s), and thus her optimization

problem is

maX/WSdF (s).
(8,6) Js

For simplicity, it is standard in the literature to work with the distribution of pos-
teriors, {F (s),ms},'® rather than directly with disclosure policies. Thus, we can

reformulate the lender’s problem in the following proposition.

Proposition 3.1. The lender solves the following equivalent problem:

_ +
Jax W = ,u/SES]E (v —v,)" |s] dF (s) (11)
5.t / 1, dF (s) = g (v), (12)
seES
K (s — i)
Prob (v > vy s) < b“ B2 < Prob(v>w,|s) VseS. (13)

Here Prob(v|s) is the probability function associated with the posterior belief ms.

The last condition (13) solves the equilibrium cutoff v; under the posterior belief

7. This problem is known as a Bayesian persuasion problem with continuous states,

13See the Online Appendix of Kamenica and Gentzkow (2011) for the discussion with continuous
states.
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which is in general not tractable except in some special cases (Gentzkow and Kamenica
(2016), Dworczak and Martini (2019)). Our model does not fit into any existing
tractable framework and is solved by a “guess and verify” approach. Before analyzing
the structures of the lender’s solution, we have the following observation that helps

simplify the problem.

Lemma 3.2. For any disclosure policy, if there exist two distinct signal realizations
s1 and so with equilibrium cutoffs vy, = vs,, then combing these two signals together

will not change the market equilibrium.

Lemma 3.2 implies that we can (without loss of generality) focus on policies (S, &),
such that for any two distinct signal realizations sy, s9 € S, vs, # vs,. Then we can
choose a signal space such that s = v, for all s € S. We will use this simplification

throughout the rest of this paper.

3.3 Suboptimality of No Disclosure

The key friction in our model is the adverse selection due to endogenous manipulation.
A borrower with type X = 0 chooses his manipulation strategy based on the updated
public belief on the distribution of v. For the optimal policy, a natural guess would
be that the lender should not disclose any information, and thus make the model as
opaque as possible. Denote the lending market equilibrium in this case as (vy, cy),

where N represents “no disclosure.” The lender’s payoff is

WN:,U/UZ(U—UN)CZG(’U).

We can show that in this case, the use of borrower data x is too frequent in lending
decisions, leading to excessive manipulation. This result arises from the lender’s lack
of commitment: she always makes the most efficient use of borrower data ex post,
which is ex ante inefficient. To see this, note that given the borrower’s manipulation,
the lender always lends to a borrower with data x = 1 if the lending is ex post positive

NPV, i.e., when v > vy, where vy satisfies
poy — [+ (1= ) K (ex)] - T =0. (14)

Now, suppose the lender can commit to a slightly higher lending cutoff vy +0 (6 < 1),

i.e., the lender lends to a borrower with data = 1 only when the variable importance
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v > vs = vy + 6. Let her payoff in this case be Wy. This leads us to the following

result.

dWs

Wl >0

Lemma 3.3.

Lemma 3.3 implies that, in the no disclosure equilibrium, a commitment to re-
duced lending improves the lender’s payoff. Note that this commitment to reduced
lending corresponds to a less frequent use of borrower data in lending decisions.'*
Similar results also show up in other economic settings where the information re-

ceivers commit to underweight some variables in decision rules to deter manipulation

and improve efficiency (Ball (2019)). To see the intuition, rewriting % s’

dW; g dK (cs

=2 ==[wy - (p+ (1 —u)K(cN))[]g(v)+/ <_(1 ) Ig (v) L) ) .
oo v do |5

(15)
The first term in (15) equals zero, reflecting the lender’s optimality condition as
specified in (14). However, the second term is positive because an increase in §
decreases the equilibrium cutoff of manipulation, denoted as c¢s. This highlights the
suboptimality of the no disclosure policy. Although the lending decision is always
positive NPV ex post, approving a borrower with data x = 1 incentivizes the borrower
to engage in ex ante manipulation. This manipulation exacerbates adverse selection,
thereby increasing the lending cost across all states, regardless of the realized variable
importance v.

In our paper, committing to lending decisions is not allowed,'® and only disclosure
about the variable important v is considered. We can show that the lender can
mitigate the manipulation and improve payoff by disclosing information about the
variable importance v. The following proposition confirms that no disclosure is indeed

suboptimal.

Proposition 3.2. There exists a disclosure policy (S,5) with lender’s payoff Wi,
such that W1 > Wy

14Tn our model, the lender rejects the borrower no matter what his data is if the variable impor-
tance v is below a certain cutoff, meaning the borrower data is essentially not used when rejecting.
However, approval depends on the borrower data x; if v exceeds the cutoff, the lender lends only if
the borrower has x = 1. Therefore, the lending decision depends on borrower data only when v is
above the cutoff. As a result, a higher cutoff means a lower probability that the lending decision
depends on borrower data, which effectively reduces the lender’s usage of borrower data.

15We consider an extension about this assumption in Section 5.1.
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0 UN vy + 6 v

Figure 3: Suboptimality of No Disclosure Policy

Proposition 3.2 challenges the conventional wisdom that making predictive models
more transparent will always hurt efficiency because of the “gaming the system” con-
cern. The key to Proposition 3.2 is to find a disclosure policy under which the lender
will use borrower data x less frequently in equilibrium, which will deter manipulation.

To gain intuitions on how it works, suppose the lender designs a deterministic
disclosure policy with three elements in the signal space S = {si, 52,53}, and the

message function is

o (U> = s1l4, (U> + 5214, (U) + 5314, (U) )

where A;, A, and Aj are (unions of) intervals shown on Figure 3. The above dis-
closure policy effectively discloses which set of A;, Ay, and As that the true state
belongs to. The boundaries of the intervals are chosen such that the following three
conditions are satisfied. First, the equilibrium of subgame s; is the same as the no
disclosure equilibrium, i.e., (vy,¢1) = (vn,cn); second, Ay = [vy,vn + 0] is a small
set, where § < 1; finally, the remaining regions is As, i.e., A3 = [0,9] — A; U As.
The equilibrium of subgame s; is the same as the no disclosure equilibrium. The
signal s, reveals that the true state is in the interval [vy, vy + 0]. In this subgame, the
lender’s payoff is less that pud for any value of v, which is close to zero for any v € A,y
because 9 is very small. Then the change in lender’s payoff is negligible in this region.
In the equilibrium of subgame s3, the probability of financing the borrower with data
x = 1 is lower than that in the no disclosure equilibrium (note that the borrower with
data z = 1 will be financed only if the true state v is in the right interval of A3), which
reduces the manipulation incentives and improves the outcome. Then the net effect on
lender’s payoff is positive. The example in Figure 3 shows that the lender can indeed

improve the profit by disclosing some information about the variable importance v.
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In the next section, we characterize general properties of optimal policies.
Another natural guess for the optimal disclosure policy is full transparency, i.e.,
disclosing the exact value of v to the borrower. We can show that full transparency

leads to the worst outcome, and thus it must be suboptimal.

Lemma 3.4. The lender’s payoff when making the variable importance v fully trans-

arent, Wg, is zero.
7 )

Since the lender’s payoff must be nonnegative, Lemma 3.4 implies that disclosing
all the information about the true state of v leads to the worst payoff. The intuition
behind the result is straightforward: when the borrower knows the exact value of
the true state, in equilibrium, the data manipulation level is high enough such that
there is zero surplus from financing a borrower with data x = 1, and the lender gets
zero payoff when using borrower data x in lending. This result is consistent with the
common view that disclosing too much information about the predictive model will

hurt efficiency due to “gaming the system.”

Remark 3.1. Proposition 3.2 and Lemma 3.4 jointly imply that the optimal disclosure

policy must feature partial disclosure.

4 General Properties of Optimal Policies

Before analyzing the general properties of optimal policies, let’s first consider the
properties of the equilibrium in any subgame. First, Lemma 3.1 implies that for any

two signal realizations s; and ss, we must have
Coy S Csy <= Vs S Vs,

When the manipulation cutoff ¢, is lower, the borrower is more likely to manipulate
his data, and the adverse selection is more severe when facing to a borrower with
data = = 1. In this case, the variable importance has to be higher for loan approval.

Consider an arbitrary signal s with posterior belief 7s. Let
Ag = {v € supp (7s) |as (1,v) > 0}, (16)

and
Ry = {v € supp (7,) |a, (1,v) = 0} . (17)
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A, is the subset of the support of v|s, where the lender lends to a borrower with
data x = 1 with positive probability, while Ry is the subset where the lender lends
with zero probability. Let’s call A, and R, the acceptance region and rejection region,
respectively. Clearly, A; and Ry are disjoint, and AU Ry = supp (7s). The following

lemma shows that in any optimal policy, both A, and R, are non-empty sets.

Lemma 4.1. Suppose (S,&) is an optimal policy, then for almost all s € S, both A
and Ry are non-empty sets, and As = {v € supp (7s) |as (1,v) = 1}.

Since the lender’s action g (z,v) is always increasing in v, for any subgame s, we
must have
sup R, < v, <inf A,,

showing that the acceptance region A, and rejection region R, are separated by
a signal-contingent cutoff v, for any signal s. This simple result stems from the
lender’s ex post optimality condition: it is always optimal for the lender to lend to a
borrower with data z = 1 if the variable importance is higher. The following theorem
demonstrates that this intuition also holds from an ex ante perspective under any

optimal policy.

Theorem 4.1. Suppose (S,d) is an optimal policy, then there must exist a signal-

independent cutoff v*, such that for almost all s € S, we have
sup Ry < v* <inf A,

where As and Ry are acceptance region and rejection region defined above.

Theorem 4.1 provides a necessary condition that all optimal policies must satisfy.
From an ex ante perspective, the lender lends to a borrower with data z = 1 if and
only if the variable importance v is sufficiently high. While this condition has been
shown to hold under any subgame in previous analyses, Theorem 4.1 demonstrates
that it must also hold ex ante under any optimal disclosure policy. It also implies
that, in any optimal policy, for all signal realizations s, the following condition must
hold:

supp (75) N (min {v,, v*}, max {vg, v*}) = 0.

This implies that, the posterior distribution of all signal realizations must contain a

“hole,” which separates the rejection region and the acceptance region.
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This special structure offers some insights into optimal policies. Optimal poli-
cies reveal information about the true state, but in the same time maintain signifi-
cant uncertainty, regardless of signal realizations. Intuitively, creating a gap between
the rejection and acceptance regions in posterior beliefs preserves uncertainty about
the variable importance in the borrower’s posterior belief, mitigating concerns about
“gaming the system.” The following proposition shows that the cutoff v* is actually

the maximum of (almost) all posterior lending cutoffs.

Proposition 4.1. Suppose (S,&) is an optimal policy, then
vt > vy

for almost all s € S.

In Section 3.3, we discussed how the no disclosure equilibrium leads to excessive
lending and incentivizes borrower manipulation. Now we can see why this outcome
can be improved from Proposition 4.1. To see the intuition, suppose the policy induces
two signals, s; and sy, with vy, < vs, < v*. The higher approval probability in s9
leads to more manipulation (cs, > ¢, ). Consequently, the lender requires a higher
variable importance v in subgame s, to approve loans (vs, > v,,). This may shift
the approval region near the cutoff vy (e.g., [vy, vy + d] for a small §) to a rejection
region under subgame s if vs, > vy, reducing the unconditional approval probability
compared to no disclosure. This results in a higher overall lending cutoff v* and less

manipulation. The following proposition confirms this result.

Proposition 4.2. Let (S,5) be an optimal policy in Theorem 4.1, and vs be the
lending cutoff under signal realization s under this policy, and v* be the ex ante
lending cutoff. Let vy be the lending cutoff in the equilibrium with no disclosure.

Then

v* > vy > inf v,.
seS

The result v* > vy suggests that borrower data is used less frequently under
optimal disclosure policies compared to the no disclosure equilibrium. Let ¢y be the
manipulation cutoff under the no disclosure equilibrium. Define cpax = sup s ¢s and
Cmin = infscscs. Proposition 4.2 also implies ¢phax > ¢n > Cmin. This proposition
explains the differentiation across subgames. In the equilibrium with the highest

borrower manipulation level (¢; — ¢pax), a high lending cutoff vy — v* is required
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for approval of a borrower with x = 1, deterring the use of borrower data x in this
subgame equilibrium. The cost is a high level of adverse selection, requiring the
lender to finance inefficient borrower with high probability. However, the benefit is
less adverse selection in other subgames (note that cp;, < cy). Under the optimal
policy, the positive effect dominates.

Finally, we show that for any optimal disclosure policy, there exists a deterministic

policy that generates the same equilibria, as shown in the following lemma.

Lemma 4.2. For any optimal disclosure policy (S, &), there must exist a deterministic
policy (S, o) with the same signal space S, the same distribution of signals, and the
same posterior belief for any signal s € S, such that the induced market equilibria are

identical under any signal s € S in both disclosure policies.

Lemma 4.2 greatly simplifies our analysis and allows us to focus on the message
function o defined in Definition 3.2 rather than the distribution function & in Defini-

tion 3.1. The next theorem presents the characterization of optimal policies.
Theorem 4.2. There exists a deterministic optimal policy (S, o) such that:

1. o (v) =wvs for any v and s satisfying v € supp (7s), meaning the message space
is chosen such that the message is the lender’s equilibrium lending cutoff under

any signal.
2. There exists a cutoff v* € (0,v), such that:

(a) o (v) is a weakly increasing function on [0, v*].

(b) For any s € S, both Ry and As are nonempty.

There are several implications from Theorem 4.2. First, as we discussed in Lemma
4.1, a borrower with data z = 1 is approved with positive probability in any subgame.
This means that manipulation exists in any subgame. This implication rules out some
disclosure policies. For example, if the lender chooses a policy that reveals whether v
is below the investment I or not, financing the borrower is always inefficient if v < [
is revealed, regardless of the borrower’s type. Therefore, if v < I is revealed, there
will be no loan approved and no manipulation. This disclosure policy is dominated
by no disclosure because the lender does not benefit from states where v < I | but

the borrower will choose to manipulate more in states where v > I. In fact, Theorem
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4.2 shows that it is optimal to mix low states (where v is low) with high states (where
v is high) to preserve uncertainty about the variable importance v in all subgames.
Second, the message function o is a weakly increasing function on [0, v*]. This implies
that lower values of v in rejection regions correspond to equilibria with lower lending
cutoffs. This is intuitive because lower lending cutoffs indeed necessitate lower v
values in rejection regions.

To make more precise predictions about the optimal policy, we impose a distri-
butional assumption on the manipulation cost K (¢). With this assumption, we can

derive optimal policies in closed form.
Assumption 2. c¢K (c) is a conver function of ¢ on [0, ¢].

With this assumption, the message function o in Theorem 4.2 has a simple struc-

ture.

Theorem 4.3. When Assumption 2 is satisfied, there exists a deterministic optimal
policy (S,0), that has the following structure on [0,v*]: there exists a cutoff v, €
(0,v*) such that

o () = Ve if v € [0, v,]
v z'fve(va,v*].

Besides, o (v) = vs for any v € supp (7).

Theorem 4.3 characterizes the message function for the region where the variable
importance v is lower than the lending cutoff v*. In the region where v is higher than
v*, the characterization can be quite flexible. In any equilibrium, the borrower only
cares about the probability that v exceeds v*, not the specific value. Consequently,
any message function that keeps the probability of v being higher than v* consistent
with the equilibrium can be optimal. The following proposition provides an example

of optimal policy.

Proposition 4.3. When Assumption 2 is satisfied, there exists a deterministic op-

timal policy with message function o (v). For v < v*, function o (v) is defined in
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Theorem 4.3. For v > v*, there ezists v, € (v*,v), such that:

Va if ve (v,

o (v) =
v () if ve (]

Here 7y : [vy, 0] — [vq,v*] is a continuous, strictly increasing function satisfying the

following differential equation:

= ll - p o (7/ (v)giﬁg))Jr g (v)ﬂ "

g(vp) _ G(vp)—G(v*)
v5)9(Ya) G(va)

*

with boundary conditions v (vy) = va,7y (V) = v*, and 0

Based on the above results, for any given v*, we can solve for the message function
(including boundaries v, and v,) using the conditions in Theorem 4.3 and Proposition
4.3. Thus, finding the optimal message function reduces to finding the optimal cutoff
v*. The lender’s problem in Proposition 3.1 becomes a one-dimensional maximization
problem,

max W,
U*

where W is defined by (11) under a disclosure policy with signal space S = [v,, v*]
and message function o. The value v, and message function ¢ are solved by Theorem
4.3 and Proposition 4.3. Figure 4 presents a numerical example of an optimal policy.

With the optimal policy, under the discrete signal v,, values of the variable im-
portance in [0, v,] are pooled with an interval above v*, (v*,v,]. In this subgame, the
lending cutoff is v,, which is the upper bound of the posterior belief’s support below
v*. Beyond this discrete signal, the optimal policy differentiates other states more
precisely. Specifically, each state in (v,,v*] is pooled with an infinitesimal point in
(vp, v], and all states in (v,, v*] are separated from each other. Additionally, in the
posterior equilibrium containing any state v € (v,, v*], the lending cutoff is exactly v,
making the lender indifferent between lending or not in this state. For each subgame
with signal s = v, the true variable importance is either vy, leading the lender to not
lend, or it is above v*, prompting the lender to lend to a borrower with data x = 1.

The equilibrium approval probability in this subgame is

1 W v
K1 (5_1)
b (1—u I )’
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The Message Function o(v)

1.8

1.7

1.6 -

1.5

1.4 . .

2 2.5

Figure 4: Optimal Policy. We numerically calculate an example of the optimal
policy. In this exercise, we use the following parameters: p = 0.35, ¢ = 2, b = 1.7,
I =1, v=2.5. Both ¢ and v follow uniform distribution. In this exercise, v, = 1.433,
v* = 1.757, v, = 2.299. As a benchmark, in this case, vy = 1.581.

which is an increasing function of the signal s = v;.

4.1 Implementation and Examples

We've characterized the optimal disclosure policy and will now discuss potential real-
world implementations. In practice, algorithmic transparency can involve disclosures
on human involvement, data, models, and more. Disclosures about data and models,
in particular, have been emphasized in various settings. Although the discussion on
algorithmic transparency is still in its early stages, our model provides insights into
implementations that can improve the payoffs of algorithm users by mitigating data
manipulation.

In the following examples, we illustrate how our optimal policy can be imple-
mented in real-world scenarios. In the context of training data transparency, the
optimal policy can be implemented by disclosing potentially biased training data. In
the context of model disclosure, the optimal policy corresponds to understating the

variable importance in machine learning models.
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Disclosing Samples of Training Data with Added Noise

Suppose the parameter v represents the correlation between a certain variable (e.g.,
phone operating system) and an outcome (e.g., credit quality). While v is unknown to
the public, it is learned by the lender after exploring the training data. Our optimal
policy, as detailed in Proposition 4.3, can be implemented as follows: The lender
commits to releasing the training data to the public, allowing them to estimate the
correlation. If the correlation v in the original training data is below a cutoff v*,
which means the variable is not very informative, the lender releases the original data
reflecting the true correlation v. If the correlation exceeds v*, the lender releases the
training data with added white noise, such that the correlation becomes 7 (v), which
is lower than v. Intuitively, the lender releases the true training data if the correlation
is low, but a noisier version with a lower correlation v (v) < v if the true correlation
is high. This approach ensures that when the borrower observes the released training
data, they remain uncertain whether it reflects the true correlation of the original
data or is a noisy version. Our results highlight that committing to strategically

releasing noisier training data may be optimal.

Understating Variable Importance in Machine Learning Models

Variable importance (or feature importance) is a crucial measure in machine learn-
ing models, reflecting a variable’s effectiveness.!® Given its informativeness, variable
importance can also be used to enhance algorithmic transparency. Suppose the pa-
rameter v in our model represents variable importance in a machine learning model
used by the lender. Our model suggests that if the variable importance is below a
threshold v*, the lender should disclose the true value. However, if it is above the
threshold, the lender should disclose a modified, lower value 7 (v). Essentially, the
lender discloses the true variable importance of the machine learning model when it
is low and understates it when it is high. This creates uncertainty for the borrower
about whether the reported variable importance is true or understated, preserving

uncertainty in the posterior belief.

16For example, if for a given model with two input features “f;” and “f,”, the variable im-
portances are {f1 = 5.8, fo = 2.5}, then the feature “f;” is more “important” to the model than
feature “fy” (source: Google Developers, https://developers.google.com/machine-learning/decision-

forests/variable-importances).
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5 Extensions

5.1 Commitment: Information vs Decision

Our paper focuses on the role of algorithmic disclosure in mitigating gaming behav-
ior, and Remark 3.1 shows that partial disclosure of the algorithm is optimal. The
discussion in Section 3.3 demonstrates that committing to a higher lending cutoff can
also improve the lender’s payoff. In practice, regulating the decision-making process
of algorithm users is also a significant part of the public debate.!” In this section,
we discuss the role of commitment to information (algorithm disclosure) versus com-
mitment to action (lending decisions). We show that even when the lender commits
to the optimal lending decision, she might still receive higher payoff by disclosing
additional information about the predictive model, suggesting that the information
disclosure can not be fully replaced by the lender’s stronger commitment power on
lending decisions.

To begin our analysis, consider a benchmark case of committing to lending actions.
Suppose the lender commits to lending to a borrower with data x = 1 when v > z

and rejecting the borrower with x = 0 directly.'® Then the lender’s problem is:

max [ [uo = pl = (1= ) K () 114G (v),

where ¢ is determined by b - (1 — G (z)) = c. Let the solution to this problem be

z* = v,, and the borrower’s manipulation cutoff in this case be
ce=b-(1-G(v.)).

We are interested in whether some additional disclosure about the state v can help the
lender even if she has full commitment power over lending decisions. After committing
to the optimal lending decision v,, suppose the lender can choose a disclosure policy

(S, 0) and disclose information about the true state accordingly, before the borrower

1"For example, Fintech lenders are often required to exclude certain variables from their decision-
making process and may set goals for default rate.

8Note that we can consider a more flexible lending rule. For instance, the lender could lend
to a borrower with data z € {0,1} when v > v,, allowing the lender to lend to a borrower with
x = 0. This flexibility might improve the lender’s profit by deterring the borrower’s incentive to
manipulate. However, under certain distributional assumptions about K (c¢), it is optimal for the
lender to commit to always rejecting a borrower with « = 0. This case also allows for a comparable
analysis with our baseline model.
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chooses his manipulation strategy. The following proposition shows that the lender

might receive higher payoff from additional disclosure about the true state v.

Proposition 5.1. Suppose the lender commits to only lending to the borrower with
data x = 1 when the true state v > v.. If the function xK () is strictly concave at
T = ¢, then the lender can receive a higher payoff by disclosing additional information

about v compared to disclosing nothing.

Although the key friction in our model is the lender’s lack of commitment problem,
Proposition 5.1 suggests that the benefits of algorithmic disclosure cannot simply be
replaced by committing to a lending decision. Instead, the lender can achieve a higher
payoff by disclosing additional information about the predictive model even if she has

full commitment power on lending decisions.

5.2 Costly Verification

In practice, some data manipulation behavior is classified as fraudulent activities (like
misreporting personal information), and lenders can costly verify fraudulent activities
using various methods, which is another way of mitigating data manipulation. In this
extension, we consider how the disclosure policy interacts with costly verification in
the lender’s problem.

We introduce one more assumption to the main model. After a signal s is disclosed
to the market, once the lender receives a loan application from a borrower, she has
the option to verify and reveal the borrower’s true type X by paying a cost ¢t > 0.
As we discussed in the main model, only a borrower with data z = 1 has non-zero
probability of getting the loan, so we just need to consider the lender’s choice of
revealing the true type of a borrower with data x = 1. Consider an subgame with
posterior belief 7, a borrower with X = 0 chooses to manipulate if and only if his
manipulation cost ¢ is lower than a cutoff, denoted as ¢s. Then in equilibrium, if the

lender verifies the borrower’s type, her profit is
Wy =max {pv — pl,0} — (p+ (1 — p) K (c5)) .
If the lender chooses to not verify the borrower’s type, her profit is
Wy = max {pv — pul — (1 — p) K (cs) 1,0} .
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When ¢t > %] , Wnv > Wy for al(ll v.)KI(n )this case, the lender will never
—H Cs

verify the borrower’s true type. When ¢ < K e L

(1= ) K (c)
W

Wy >Wyy <= v>v.=1+ t,

and the borrower’s type must be verified before he successfully gets the loan. However,

this implies that the borrower will never manipulate his data x, and thus the lender
(1-p)K(cs)

pt(1—p) K (cs)

in the equilibrium of any subgame s. Then if in a subgame s, the lender verifies

has no incentive to verify the borrower’s type. Then ¢t < I can’t be true

the borrower’s type with positive probability, we must have t = %] , and
thus there exists at most one subgame s, such that the verification happens with
positive probability. The following theorem presents the complete characterization of

an optimal policy with verification.
Theorem 5.1. With costly verification, there exists t such that:

1. When t > t¥, the lender will never verify the borrower’s type, and the optimal

disclosure policy is the same as in the main model.

2. When t <, there ezists v, € (0,], such that the optimal policy can be imple-

mented by two steps:

(a) The lender first discloses if v > v, or not.

(b) If v > v, then the lender will verify the type of the borrower who has data

x = 1 with probability p* =1 — <, and lends to the borrower if his type is

not verified or verified to be X = 1.

(c) If v < w,, there is no wverification, then information about v is further
disclosed according to a policy (S8Y,0"), where (SY,0") is an optimal dis-
closure policy characterized in Theorem 4.2 with a modified prior belief

G* (v), where

G* (v) :min{ G (v) 1}.

G (vy)’

Theorem 5.1 shows that the disclosure policy and verification technology interact
in a simple way: when the true state v is sufficiently high (v > wv,), only verifi-

cation is used to disincentivize manipulation behavior, and no further disclosure is
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needed; while when the v is low (v < v,), only disclosure is used to disincentivize the

manipulation behavior and verification is never used.

6 Conclusion

We study the optimal algorithmic disclosure in a lending market where a Fintech
lender uses privately observed predictive models to screen a borrower. The input to
the predictive model is data collected from the borrower, which can be strategically
manipulated. The optimal disclosure features partial disclosure, where information
about the predictive model is partially disclosed to the borrower, differentiating the
posterior lending market equilibrium by data manipulation levels. Under the optimal
disclosure policy, the lender uses borrower data less intensively in her lending deci-
sions, reducing the average data manipulation level and improving efficiency. Despite
receiving additional information from the lender, the borrower’s posterior belief re-
mains quite uncertain. Algorithmic disclosure can improve the lender’s payoff even
when she has additional commitment power on lending decisions or can verify the

borrower’s type at a cost.
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Appendix

A  Proofs

A.1 Proofs in Section 2

No Disclosure
Based on the distributional assumptions on the manipulation cost ¢ and the prob-

ability of success v, the two equilibrium conditions are b (1 — vy) = ¢y and poyV =

pl+(1—p)Ib p. V=D ) _

(,u + (1 — /,L) CN) I. The unique solution is ('UN = m, CN =0~ m

A Binary Signal

When v € A, let’s verify that in equilibrium v; = 0.54, ¢; = 0.34, and W; =
0.19. The two equilibrium conditions are Prob (v > v1]A) - b = ¢, and pvV =
(+ (1 — p)Prob (¢ <¢))I. Since A = [0,0.54) U (0.64,0.91), and v; = 0.54, ¢; =
% x 1 = 0.34, and the second condition
becomes 0.3 x 0.54 x 10 = (0.3+ 0.7 x 0.34) x 3. Both condition hold ' under
A = [0,0.54) U (0.64,0.91), and v; = 0.54, ¢; = 0.34. Similarly, when v € AL,
the two equilibrium conditions are 1_0.9};% x 1 =048, and 0.3 x 0.64 x 10 =
(0.3 + 0.7 x 0.48) x 3. Both conditions hold under A® = [0.54,0.64]U[0.91, 1] and v, =
0.64, ¢y = 0.48. Regarding the lender’s profit, W, = 0.3 x 10 x [ (v — 0.54) dv =
0.019, and Wy = 0.3 x 10 X [, (v —0.64) dv = 0.09. So the total profit is W, =

Wi+ Wy =0.19 4+ 0.09 = 0.28.

0.34, the first condition becomes

A.2 Proof of v, (1,¢) =0

Suppose in a subgame s, a borrower with type X and manipulation cost ¢ > 0 chooses
vs (1,¢) > 0 in equilibrium. For the borrower, his payoff of not manipulating data is
ds (1) - b, while the payoff of manipulating data is ds (0) - b — ¢. Then he chooses to

manipulate the data only if

ds(o>.b—czd8(1).b<:>ds(0)—ds<1)>g.

19Gince we just want to illustrate the key ideas, we only keep the first two decimal places of the
results in this example, so the conditions only approximately hold.
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Since s (1,¢) > 0, we must have

d,(0) —dy (1) > < >0 (18)

SO

in equilibrium. For a borrower with type X = 0 and manipulation cost c;, the
payoff of not manipulating data is ds (0) - b, while the payoff of manipulating his
data is dg (1) - b — ¢;. Condition (18) implies that ds(1) - b — ¢; < ds(0) - b for
any ci, which implies that in this equilibrium, a borrower with type X = 0 never
chooses to manipulate data almost surely. Then for the lender, a borrower with data
x = 1 will always has better quality than a borrower with data x = 0, which means
as (1,v) > as (0,v) for any v and s, and thus ds (1) > d, (0). This is a contradiction
to the condition (18). So in any equilibrium s, we must have 74 (1,¢) = 0 for any
c>0.

A.3 Proof of Lemma 3.1

We have already shown that 7, (1,¢) = 0, then the lender’s profit of lending to a
borrower with data z = 0, represented by (3), must be negative or zero. When the
profit is negative, we must have oy (0,v) = 0 for any v and s. When the profit equals
zero, it must be the case that observing a borrower with x = 0 is a zero-probability
event on the equilibrium path. Then without loss of generality, we have a; (0,v) =0

for any v and s. This implies

ds (0) = /OU as (0,v) medv = 0.

For a borrower with type X = 0 and manipulation cost ¢, the optimization problem

(6) implies that he chooses to manipulate his data only if
ds(1)b—c>ds(0)b=0<=c<cs=ds(1)b.

When the lender faces to a borrower with data x = 1, if she makes the loan, her

profit (2) becomes pv — [+ (1 — p) K (¢5)] - I, and she makes the loan (ay (1,v) >

_ et 0-mK ()l

- Since d, (1) = [} a, (1,v) medv, we must have

0) only if v > vy

40



Prob (v > v,] s) < ds (1) < Prob (v>ws] s). The lender’s profit in the subgame s is

Wos [ =ln+ (=0 K ()] - D (0) do

= /j (v — pwg) ms (v) do.

A.4 Proof of Proposition 3.1

The lender’s original problem is to find a disclosure policy (S,d), which induces a

distribution of the signal F'(s), to maximize the expected profit
W:M/ E [(v—v.)" |s] dF (s). (19)
sES

It’s standard in the literature to work with the distribution of posteriors {7} ¢
instead of disclosure policies directly (Kamenica and Gentzkow (2011)), but an addi-

tional Bayesian plausibility condition is needed:
| mdF(s) =g (). (20)
seS
Under each posterior 7, the equilibrium conditions are
Prob (v > v,] s) < ds (1) < Prob (v > v, s),

c<ecs=0b-ds(1),

and
A=) K ()] 1
’ u
These conditions jointly imply
K-l (opos . n
Prob (v > v,]s) < (1(17“) 17“) < Prob (v > vy s), (21)

b

where Prob (-] s) is the probability function under the posterior m;. So the lender’s
problem is equivalent to finding a distribution of posteriors, denoted by S and {F, 7},
to maximize (19), subject to conditions (20) and (21).
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A.5 Proof of Lemma 3.2

Consider a policy (S,d) with distribution of posterior beliefs {F, 7y}, and suppose
there exist two distinct realizations sq, so € S, such that (vg,,cs,) = (vs,, Cs,). Then

consider a new policy (8',d’), where &’ = {53} US\ {s1, 52} and
 (510) = & (10) Lo\ (5) + (& (s0) £ 6 (s0l0) L gy 5)
for all v € [0,7] and s € §’. Note that
' (slv) =7 (s|v)

for any v € [0,7] and s € S\ {s1,52} = S\ {sp}. Then for any s € S\ {s1,5:} =
S\ {s;}, the posterior belief is the same under the two policies, i.e., 7; = 7.. So the
lending market equilibrium is the same for any s € S\ {s1,s2} = S’\ {s(} in these
two policies. Besides, under the signal realization sj in the new disclosure policy, we
can verify that the equilibrium manipulation cutoff ¢; and lending cutoff v, are all
unchanged by verifying the equilibrium conditions for the subgames s; and s, under
the policy (S, ).

A.6 Proof of Lemma 3.3

Given vs, the borrower’s manipulation cutoff cs satisfies b(1 — G (vs)) = ¢5. The

lender’s payoff is

Wo= [l =+ (1= ) K (e5)) 1] g (v) do

S

S0
dW5 v dK Cs
Wl — oy~ (- K ) Do) [ (-0 wig@ T Y
do |5_, vs dé |5,

(22)
The equilibrium condition of the no disclosure equilibrium is pvy—(p + (1 — ) K (en)) I =
0. And it’s clear that %%C‘;) < 0 because K' is always strictly positive. Then we
must have % > 0.

—0
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A.7 Proof of Proposition 3.2

In the no disclosure equilibrium, the belief about v is the same as the prior, the
lending market equilibrium is characterized by ¢y and vy, which satisfy conditions
(8), (9) and (10). Let the lender’s payoff be Wy in the no disclosure case. Now let’s
consider the following deterministic disclosure policy (S, 0’), where 0 < €1,€6; < 1,

S’ = {5}, s}, and the message function is

. si v el0,v]Ulon, o + €] U v — e, 0]
o' (v) = ;
sy wve (vioy) U (vy +€1,0 — €2)

where v} < vy satisfies

Prob (v € [un, vy + €] U [0 — €2, 0])
Prob (v € [0,v]] U [on, vy + €1] U [0 — €2, 1])

b:CN.

Denote the equilibria under signals s} and s} as (vsfl , Cy ) and (vsé, 08/2), respec-

tively, it’s easy to verify
(Us/la Cs’1> - (Us/za Cs’2> - (UNa CN) .
Then changing to the policy (S, ¢’) doesn’t change the lender’s payoff, i.e., W = W/,

where the lender’s payoff under disclosure policy (S8’,0’) can be written as

W' =Prob (v € [0,v}] U oy, on + €1] U [0 — €2,7]) - B [(l“’ —(nt+(Q-pwK (Csi)) 1) ]l{u>v , }]

1

+Prob (v € (v],0n5) U (un + €1,7 — €2)) - E* {w (u+(1*u)K(ng))I)'1{ > }] |
(23)
Then, let’s construct a new disclosure policy based on (S’,0’), and show that

the new disclosure policy increases lender’s payoff. Let’s consider the deterministic

disclosure policy (S8”,0"), with S” = {s7, s5, s4 }, and message function

st v € fon, oy + €]
o" (V) =1 vel0,v]U[D— e,

sy v e (v,un) U (vy + €1, — €)
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The signal realization s4 is “equivalent” to the signal realization s} in disclosure policy
(8',0"), both induce the same posterior belief on (vi,vy) U (vy + €1,0 — €2). When
signal s7 is disclosed, the borrower knows that the true state v € [vy, vy + €1]. In
the no discloure case, the lender’s payoff in state [vn, vy + €] is close to zero (in
order o(€;)), as vy is the equilibrium cutoff in lending decisions. So the difference
between the lender’s payoff in the subgame s] under the disclosure policy (S”,¢"),
and the lender’s payoff in the no disclosure case when v € [vn, vy + €] is close to
zero. However, the increase in lender’s payoff is non-trivial. Note that the approval
probability is lower under sj compared to the no disclosure case, so the equilibrium
data manipulation level is lower under sj. As what we will show later, this is the
dominating effect, and thus the lender’s payoff increases under the disclosure policy
(8", 0"). To see this, note that the lender’s payoff under (S§”,0”) is

W' =Prob (v € [y, vy + €1]) - E*

- Gor w1, |
+ Prob (v € [0,v]] U [0 — €2, 0]) -E%2 [("w - (“ 1=K (ng)> I) ' ﬂ{vzvsu}]

+ Prob (v € (vi,vn) U (v + €1,0 — €2)) Sk [(;w - (M + (A -p K (ng)) I) ' ﬂ{vzvsu}] '
(24)

It’s obvious that the last term in (24) equals the last term in (23), because equilibria
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under signal realizations s% and s, are the same. Then

W/l _ W/

—Prob (v € [vy, vy + €1]) - B {(Mv —(p+ (=) K (csy)) 1) - 1{>}]

+ Prob (v € [0,0] U6 — €2,7]) - E¥ [(uv — (A=K (ey)) ) l{msg}]

— Prob (v € [0,0]] U [un, vy + €1] U [0 — €2, 7)) - E* [(/w — (et A=) K (ey)) ) - ﬂ{m }]
>Prob (v € [0,v}] U [3 — e2,7]) - E** [(/w — (A=K (eq)) 1) - 1{v>v , }]

— Prob (v € [0,v]] U [uy,vn + €1] U [0 — €2, 7]) .E% [(/w— (n+(1 —M)K(CSQ))I) . ]l{vzu ,}] .

Note that vy = vn, we know

Prob (v € [0,v1] U [vn,vn + €] U [0 — €2,7]) S [(;w - (“ +(1-p K (Csll)) I) ' l{v>v / }]

_ Prob (v € [uy,vn +€1]) - E[(uv — (u+ (1 — p) K (en)) I) v € [un, vn + €1]]
+Prob (v € [0 — e2,2]) - El(wo — (u+ (1 - W) K ex)) Do € [1 - en,1]]

Then

W W s Prob (v € [v — €2,7]) - {(1 —u) I (K (eny) — K (ng))] _
Prob (v € [uy,vn +€1]) - E[(pv — (p+ (1 — p) K (en)) I) |v € [un,von + €1]] -

In the equilibrium of subgame s,

Prob (v € [v — €, 7])
Prob (v € [0,v}] U [0 — e, 0])

1-G((v—e€)
1-G(—e)+Gv))

Cot =
S2

=b
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Fix €y, and let ¢, — 0, then

CN — Csff 1-G(Uv—e)+G(uvy+e)—G(vn) B 1-G(v—e)
b 1-G—e)+GW)+Gny+e)—Gy) 1-G(0—e)+G@)
G (v1)

"Gl e o el

Then

W — W
Prob (v € [v — €2, 0])

(001 (5 ex) = )] -
el tal) ) (E (vfv € [ow, vn + @) — vv)
G (vy)
[1—G(v—e)+ G (V)]

g(vn) e+ o ()
1 —G(@—Eg)

> (1= p)IK' (en)b 39 (vy) e +o(er) — €1.
It’s clear that when e; — 0, W” — W’ > 0, which means that the no disclosure policy

is dominated by our new disclosure policy (S”,c").

A.8 Proof of Lemma 3.4

The full disclosure policy (S,0) can be implemented by the space S = [0,v] and a
deterministic message function o (v) = v. In this case, the true state v is perfectly
revealed to the borrower. For any signal realization s = v > I, the lending market
equilibrium of subgame s must satisfy v = v. Then the lender’s payoff must be zero
in this subgame. For any v < I, the lender will never make the loan, and thus her
profit is zero. In summary, the lender’s payoff is always zero for any subgame s € S,
and thus her total payoff must be Wy = 0.

A.9 Proof of Lemma 4.1

We prove this result by contradiction. Suppose (S,5) is an optimal policy, with
distribution of posteriors { F, 7, }.
First, Assumption 1 implies that in any subgame s, the approval probability d (z)

must be less than 1. Suppose for a signal sg, R, is an empty set, then we must have

S0

Prob (v = vs,|s9) > 0, and the lender rejects a borrower with data z = 1 only when
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v = vs. R, being an empty set means that ay, (1,vs,) € (0,1). Then consider an

alternative policy (Sy,61), with S =S — {so} {s1, s2} and posterior belief:

ong if s =5
- (170450(1,1130))61;504’7750 ]l(vs 7{,](”) . _
s = 1—aso(1,vs0)'Pr0b(”:”SO \(;0) if s = 52
T if seS—{so}

(S1,01) represents a simple policy, and it reveals information in the same way as
(S,5), except that if s = sy is revealed, and if v = wvg,, then with probability
as, (1,vy,), the true state v, is revealed. We can verify that the lender’s payoff im-
proves under signal s in this case, because the approval probability decreases in the
subgame s, leading to a lower manipulation cutoff and less manipulation. However,
the lender does not lose profit from financing, because she earns zero from financing
the borrower when v = v,. Since the improvement in the lender’s payoff is positive in
this case, the measure of all signals s satisfying Ry being an empty set must be zero.

Second, suppose for a signal sg, Ag, is an empty set, then in this case, we must

S0
have supp (75,) < I, and thus the lender will always reject the borrower. It is obvious
that combing this signal with any other signal will improve the lender’s payoff, as the
manipulation will be less severe on average, and the lender will not lose any profit
from financing. As a result, the measure of the signal s that satisfies A, being an
empty set must be zero.

For the last point, we prove the result by contradiction. Note that o, (1,v) € (0,1)
only if v = v,. Suppose there exists a set H C S, such that Prob (H) > 0 and for any
s € H, vg € A;. Take any sy € H, if Prob (vg,]s0) = k > 0, and «y, (1,vs,) € (0,1),
then following the proof of the first part of this lemma, we can show that there is
an alternative policy that generates higher lender’s payoff for the subgame s, while
keeping the lender’s payoff unchanged for other states.

If Prob (vs|so) = k = 0, since vy, € Ay, then for any ¢ > 0, we must have
Prob (v € (vsy, vs, + €) |S0) > 0. Following the proof of Proposition 3.2, we know
there must exist an alternative disclosure policy that reveals the states when v €
(Vsy, Vs, + €) for a € being small enough, such that the lender’s payoff improves under
signal sg. We omit the details of the proof for this part as it essentially replicates the
proof of Proposition 3.2.

Then in summary, for any set H satisfying v, € A for all s € H, we must have
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Prob(H) = 0. Then for almost all s € S, we must have A; = {v € supp () |as (1,v) = 1}.

A.10 Proof of Theorem 4.1

Suppose there exists an optimal disclosure policy (S, ) and it induces the distribution
of posteriors {F,m}. If S is a singleton, then the policy is just the no disclosure
policy. In this case, let v* = vy, then this result is obviously true. If S is not a
singleton, let’s prove the result by contradiction. For any s, let R, = sup R, and
A, = inf A,. If for all s1,89 € S, Rsl <A
there exist s; and s, such that f_{sl > A

sy» then the statement must be true. If

by the definition of R, and A,, there

must exist v; € R, and vy € As,, such that v; > wvy. Since v; € supp (7, ) and

829

vy € supp (7, ), then for any ¢; > 0 and €5 > 0, and open balls B (vy, €1), By (vs, €3),
we must have Prob (B (vq,€1)|s1) > 0 and Prob (B (vq, €2) [s2) > 0. Let us choose
€1,62 < 3%, then inf B (vi,€1) > sup By (v2,€2). Denote Prob (B (vi,€1)[s1) =
K; > 0 and Prob (B (vq,€3) |[s2) = Ky > 0. If f(s1) K1 > f(s2) K2,%° let’s consider
the following distribution of posteriors: {ﬁ’ , 7?5}, where $ = S , F=F , and

K .
ﬂ-sl + ;EZ?;WSQ:[I‘B('UQ,EQ) (U> - ;Ezi;[{? 7TS1 ]lB(Ul,q) (U) lf S = 51,
ﬁ-s = Ty — 7T52:[|‘B(’U2762) (U) + %Wsl ]1B(v1,61) ('U) if s = 52,
T 0.W.

We can check that {ﬁ ,7?8} is Bayes-plausible, and thus there exists a disclosure
policy (S , 6) that induces this distribution of posteriors. But now in the new policy
(5’ , 6), vg & supp (7s,). And the lender’s payoff is higher under the new policy (5’ , 6)
because: 1. F'= F for all s € S = S; 2. the lending market equilibrium (vy, c) is
the same under the two policies for any s € § = S ; 3. the lender’s payoff under
any signal realization except for sy is unchanged; 4. the lender’s payoff under signal
realization s, increases. The last point holds because with the new disclosure policy
(5‘ , 6), under sg, the equilibrium variables (vs,, ¢s,) is unchanged compared to that
with policy (S,d), so the total financing cost is unchanged. But the total payoff

generated from the project increases by

[ (s2) - Kz - [E [pw]s1, B (v, €1)] — E [puv]sa, B (v2, €2)]] -

20The other case when f (s1) K1 < f (s2) Ko can be proved using the same proof strategy.
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Since inf B (vy, €1) > sup Bs (v, €2), the term E [pv]|s1, B (v, €1)] — E [uv|se, B (ve, €3)]
is strictly positive. Since we assume that the policy (S, ) is optimal, then it must
be the case that after removing a zero-measure set (denoted as ) in S, we can’t find
any s, and sy such that R, > A,, (otherwise the lender’s payoff can be improved).
This implies that, for all s;, 5y € S — @, we must have R,, < A,,. Then there must
exist a cutoff v*, such that R, <v* < A, forall s € §— Q. Since @ is a zero-measure

set, the statement of the theorem must be true.

A.11 Proof of Proposition 4.1

We establish the following lemma first.

Lemma A.1. For any optimal disclosure policy (S,&), there must exist a determin-
istic optimal policy (S,0) with the same signal space S. Besides, let {F,frs} and
{F, s} be the distributions of posteriors for policies (S,5) and (S,0), respectively,
and let (Us, ) and (vs, cs) be equilibrium outcomes under policies (S, &) and (S,0),

respectively. Then the following properties hold:

1. F = F and (0s,¢) = (v, ¢s) for almost all s, and the ex ante lending cutoffs

defined in Theorem 4.1 are the same under these two policies, denoted as v*.

2. For all s € §, both A; and R, are non-empty intervals, where As and R are
defined in (16) and (17).

3. For all s1,s9 € S with c5, < cs,, we have
sup R, <inf R;, (25)

and
sup As, <infA,,. (26)

Proof. For the optimal disclosure policy (S,d), if S is a singleton, this lemma is
obviously true. If § is not a singleton, there must exist two different signal realizations
sy and s, in (S, ), with marginal probabilities f (s;) and f (s;), respectively. Based
on Lemma 4.1, we just need to consider the case when all of A, As,, Rs, and
R,, are non-empty. For simplicity, let’s assume that both f (s;) and f (s,) represent

probability densities and are positive, the proof for other cases (when f (s1) and f (s,)
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are probabilities but not densities) are basically the same. Denote the lending market
outcomes as (0, , Cs, ) and (s, &, ) under these two signal realizations. Without loss
of generality, let’s assume 05, < ¥s,. Denote the ex ante lending cutoff as v* in this

case. Suppose for s1, so, the condition
sup A;, <inf A,,. (27)

is not satisfied, let B = [inf A;,,sup As,]. Then there must exist two non-negative

functions wy, wsy, such that

f(s1)wi (v) + f(s2)wz (v) = f(s1) Ty - L (0) + f (52) T - L (), (28)

sup {supp (wy (v)) N (v*, o]} < inf {supp (wy (v)) N (0", ]}

and

/Ov wy (v) dv = /OU Ts, - 1p (v) dv. (29)

Now let’s consider the following distribution of posterior beliefs with signal space
S, denoted as {F,m,}, where F = F and

sy — sy - 1p(v) +wy (v) if s=s5
Ts = \Tsy — Ty Lp (V) +wy (v)  ifs=s59-

T 0.W.

We can check that the new distribution of posteriors {F, 7} is still Bayes-plausible,

because B B
/ wy (v) dv = / s, - 1p (v) dv
0 0

and

/()vwg(v)dv:/(]vﬁSQ-ﬂB(v)dv.

The second condition is a direct result of (28) and (29). Then the distribution of

posteriors {F, 7} can be induced by a disclosure policy (S,0). Now the condition

(27) is not violated anymore in the new policy. Then we just need to show that the
lender’s payoff is unchanged under the new policy, and thus it is still optimal. To see

this, with policy (S, ), we know under posterior belief 7,,, the approval probability
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is

Note that since v, < 05,, we know
inf Ay, > 0y, > 0s,.

Then for any v € B, we must have v > ¥,,. Then under posterior belief 7, the

approval probability is still

Csq

B () = [ o Lp @) dv+ [y () do = dyy (1) = 2

Based on this, we can check that all other equilibrium conditions are also satisfied,
and this implies (vs,, ¢s,) = (Us,, Cs,). Similarly, we can check (vs,,¢s,) = (0s,, Csy)-
For all other s € S\ {s1, s2}, it’s obvious that the lending market equilibria are all
the same under these two disclosure policies. Then the lender’s payoff is the same
under those two policies. We can continue to “modify” the disclosure policy in the
above way such that the condition (27) is no longer violated.

The proof strategy still works if condition (29) is not satisfied in the optimal
policy (S, o). Besides, note that the third property in Lemma A.1 implies the second
property in Lemma A.1, and these two jointly imply that the disclosure policy must
be deterministic. Since all the posterior lending market equilibira are the same, the

ex ante lending cutoff v* must be unchanged. O]

Now we prove this result by contradiction. Suppose (S,&) is an optimal policy,
and (S,0) is the deterministic policy satisfies the properties in Lemma A.1 which
generates the same payoff for the lender. Let Ay and R, be the acceptance region and
rejection region for each s under the policy (S,0). Lemma A.1 implies that both A,
and R are non-empty intervals.

Suppose there exists a set @ C S, such that Prob(Q2) > 0 , and v, > v* for
all s € Q. Our goal is to find another deterministic policy, (Sy,01), such that the
lender’s payoff is strictly higher under (S;,07) compared to (S,0). Consider any
signal realization s,, € . First, Lemma 4.1 implies that sup A = v; > v,,,. Since
Lemma A.1 shows that A, must be an interval, we consider the following two cases.

If (vs,,v1) C As, then the lender can improve her payoff from the signal s,

by disclosing additional information. Specifically, following the proof strategy in
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Proposition 3.2, after signal s,, is realized, the lender can strictly improve her payoff
by disclosing whether the true state belongs to (vs,,, vs,, + €) or not, for a sufficiently
small but positive e.
If (vs,,,v1) C As is not satisfied, there must exist an interval (vs, , vs,, + €,), such
that (vs,, , vs,, + €,)Nsupp (7s) = 0. We can choose a sufficiently small but positive €,,,
such that under the prior belief, Prob (v € (vs,,, vs,, + €m)) < Prob (v € [vs,, + €, V] Nsupp (75)).

Then we can find an interval B C [vs, + €, 0] N supp (7s), and a continuous, one-

to-one mapping z : (vs,,, Vs, + €n) — B, with 2’ (v) = gé(g;))). This implies that
Prob (v € (vs,,,vs,, + €m)) = Prob (v € B). Now let’s consider the following deter-

ministic disclosure policy (S, 0’) with

o (v) if v¢ BU (vs,,,vs,, + €m)
o' (v) =10 (z(v)) if v € (vs,,, Vs, + €m)
o(z71(v)) ifveB

It’s easy to check that all lending market equilibria are unchanged for all signal
realizations under the new policy (S,0’), and thus the lender’s payoff is the same
under (S,0) and (S,0’). However, under the new disclosure policy (S,0’), for the
signal realization s,,, we have (vs, , vs,, + €,) C supp (7, ). As we discussed earlier,
following the proof in Proposition 3.2, the lender can strictly improve her payoff by
disclosing whether the true state belongs to (v, ,vs, + €) for not, for a sufficiently
small but positive e.

We can apply the above operation to all signal realizations s € 2. Since () has
a positive measure, the improvement is lender’s expected payoff is strictly positive,
then the policy (S, o) must be suboptimal. Since (S,5) generates the same payoff as

(S, 0), it must also be suboptimal, a contradiction.

A.12 Proof of Proposition 4.2

Let’s first introduce the following lemma to establish our results.

Lemma A.2. For any two posterior beliefs ms, and 7s,, with positive probabilities

(densities) f (s1) and f (s2), and lending market equilibira (vs,, cs,) and (vs,, cs,) Sat-
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isfying vs, < vs,. Let § be the “combined”signal with posterior belief

f(sl)ﬂsl + f(SQ) sy
flsi)+ f(s2)

7 (v|§) =
then the lending market equilibrium (v, cg) satisfies
Vs, < Vg < Vs,
and
Csy < C3 < Cqy.

Proof. 1f c;, = 0, the result is obviously true. When ¢;, > 0, first, it’s impossible to
have vz < v,,. Note that for the equilibria under s; and so, the equilibrium conditions
are uvs, = [p+ (1 —p) K (¢s,)] 1 and pvs, = [+ (1 — ) K (cs,)] I. For §, we have
v = [p+ (1 — p) K (cs)] I. If v < v, then we must have ¢z < ¢;,. In equilibrium,

Prob (v > v4]8) < % < Prob (v > vg4|3)

where
o f(s1) f ()
Prob (v > v;]8) = mProb (v > vg|s1) + mProb (v > vz]s2)
and
3) — L T v Vals A T v Vs|S
Prob (v > v;]8) = f(31)+f(32)P ob (v > wvg|sy) + f(31)+f(52)P ob (v > vg|sg) .

Cs

1
b

Cs

2
R >

If vy < v, < vg,, we must have Prob (v > vg|s;) > =+, and Prob (v > vg|sqe) >

Csq

= Then we must have

f(s1) ey fs2) ey

f(31)+f(82)?+f(51)+f(52) b’

Prob (v > v5]8) >

which implies ¢; > ¢4, a contradiction! The same proof strategy works for the case

Vs > Us,. S0 the equilibrium must satisfy vy, < vz < vg,. ]

Note that the signal in the no disclosure policy is a “combined” signal of all signals

in the optimal policy (S, ), Lemma A.2 implies that there exist sets A, B C S with
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positive measures, such that vy < v, for all s € A and vy > v, for all s € B. Then
we must have vy > inf,csv,. Together with Proposition 4.1, we can also conclude
that v* > vy.

A.13 Proof of Lemma 4.2

This is an obvious result of Lemma A.1.

A.14 Proof of Theorem 4.2

The first point has been proved by Lemma 3.2. The second point has been proved by

Theorem 4.1, Lemma A.1 and Lemma 4.1.

A.15 Proof of Theorem 4.3

Suppose (S, 0) is an optimal policy that has the structure characterized in Theorem
4.2. Tt induces the distribution of posteriors {F,ms}, The probability (density) for
each signal s is denoted as f (s). We want to show that with Assumption 2, we can
weakly improve it such that it has the structure characterized in Theorem 4.3. Let’s
choose any vz € (0,1), and S§; = {0 (v) |v € [0,v3]}. First, we want to show that the
lender obtains weakly higher profit by pooling all signals in &; together. Under the
policy (S, o), the lender’s payoff from signals s € S is:

Wi= [ FE)E [ (et (1= ) K (e) D) o] ds
Joes, £(5) - BE (o5 (1,0) (v —1)|s) ds—

fsesl f (3) ' ds (1) . (1 - M) K (CS) Ids

= [ £(8) i (L (v) (0 = ) |) ds —

F(8)- T (1= p) K (e;) Ids.
SES]

SES

Here we use the equilibrium condition d, (1) = % in the last equality. Note that

Joes, [ (8)-F-ds = [ics, f(5)-ds(1)-ds. Theorem 4.1 implies that [, f(s)-ds(1)-
ds = Prob (v > v*&s € &y).

Let ¢y be the solution of

(/Seslf(s)'ds>CbOZPTOb(UZv*&seSl)z/ Fs) S ds,

sEST B

it’s clear that ¢y is just the manipulation cutoff in the equilibrium when we pool all
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signals in S; together. Lemma A.2 implies that ¢y < sup,cgs, ¢s , and the equilibrium
lending cutoff v in this case also satisfies vy < maxges, vs < v*. Since function K (z)

is convex on x € [0, ¢|, we must have

(/seslf(S)-dS> (1—M)@K(CO)§ f(s)'E'(l—,u)K(Cs)ds. (30)

b sEST

The lender’s payoff from all the pooling signal is:

Wo= [ 7 Efm (ot (1= ) K () 1) ds

= Jses, I(5) - HE (H[v*,fz] (v) (v —1) ]s) ds—
o, £(5) - dy (1) (1= ) K (co) Ids
Co

= [ £ 1B (L 0) 0= D s ds = [ F()- T (1) K () T
Condition (30) implies that W, > W, then the policy (S, o) can be weakly improved
if we pool all signals in &; together. Then we can find an optimal policy that has
the following structure: there exists a cutoff vy € (0,v*), such that o (v) = o (0) for
all v < vy, and o (v) > o (vg) for all v > vy. vy # v* because we've already showed
that the no disclosure policy is suboptimal. Let so = o (0), Ay, and R, represent the
acceptance region and rejection region under signal sg.

Then we show that we can weakly improve the optimal policy further, which has
the structure characterized in Theorem 4.3. Since we choose the equilibrium cutoff v,
as the message function, we can use v,(,) to represent the equilibrium lending cutoff
of the equilibrium whose support contains v. The next step is to show that we must
have inf supp my(y) = Vo(y) for all v > v4. For the sake of contradiction, suppose there
exists vy > vy, and inf supp m,(v,) < Uo(uy). Let s1 = o (v1), and let the probability
of the signal s; be f(s1). For the rest of the proof, we consider the case when f (s;)
represents a positive probability. For the case when s; represents a positive density,
the proof is basically the same. Then there must exist a set F1; C supp (s, ), such
that sup £y; < vs,. Let E19 = R, — Ey1, where R, is the rejection region under
signal s;. We can find sets Fi; and Fio satisfying Fi; N Fis = 0, F1; U Fls = A,

where Ay, is the acceptance region under equilibrium s, and

Prob (v € Fiy) Csy

Prob (v € Ey;) + Prob (v € Fi1) b~
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Similarly, we can find sets Eyi, Fo2, Fp1 and Fjs which are mutually exclusive, and
satisfy Egy U Egg = Ry, Yo1 U Yo = Ay, sup By < I (< v*), and

Prob (v € Fy) Cso

Prob (v € Ey;) + Prob (v € Fyy) b’

Let € = min {J — sup Eg1,vs, —sup Fy;}. Consider the following alternative disclo-
sure policy with signal space S; = (S\ {0, s1}) U {so1, So2} U {511, s12} and a message
function:

o(v) ifv ¢ {supp{ms, } Usupp (7s,)}

So1 if ve Ey UFy

a1 (v) = < sg9 if v € Fy U Fpp

S11 ifve E1UF;y

512 lfUE ElQUFlQ

It’s clear that the lender’s payoff under (81, 01) is the same as that under (S,0). In
particular, the lender’s lending decision and borrower’s manipulation decision are the
same under signal sqg1, Sg2 and sqg (S11, S12 and s1).

Since x K (x) is convex, for any §, there must exist positive numbers ¢, ¢1, pp and
p1, that satisfy co € (csy,Cso +0),c1 € (s, — 0,¢5,) and p1 +po = f (so1) + f (s11),
such that

pic1 +poco = [ (S01) ¢sp + f (811) €

and
prarK (c1) + pocoK (co) < f (80) cso KK (¢s0) + f (81) ¢, K (c5y) - (31)

We can choose 0 being small enough, such that v; = prl=wke) p sup F1; and

pt(=mK(co) % g
n

zK (z) being convex and vs, > vy, imply that p; < f (s11) and pg > f (So1). Then
we must be able to find a set D C Yjy, such that

Vo =

Prob (D) = f (s11) — p1-

Consider the following disclosure policy with signal space §; = (S\ {s0, s1})U{801, 502 }U
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{511, s12} and a message function:

o (v) ifv ¢ {supp {7, } Usupp (s,)}
So1 ifve FEygUFynUD

01 (V) =502 ifv € EpUPFys

511 ifve BFjnwUF —D

S19 if v e EipU

It’s clear the only differences between (S, 01) and (5’1, &1) are the signals sg; and
s11 in (S1,01) and §p; and §p; in (5’1,61). Since (81, 01) generates the same lender’s
payoff as (S,0), to compare the lender’s payoff under (S,0) and (31,61>, we just
need to compute the difference between lender’s payoff under 39; and 3§17 in (5’1, &1)

and lender’s payoff under sg; and sq; in (S1,01). The lender’s payoff under sy in
(81, 0'1) 18

Wo1 = Prob (v € Fop) pE (v — I|v € Fyy) — Prob (v € Foy) (1 — p) K (csy) [

— Prob (v € Fo) uE (v — v € For) — f (501) %0 (1— p) K (cyy) 1.

The lender’s payoff under s1; in (S1,01) is

W11 = Prob (v € Fiy) plE (v — Ifv € Fi1) — Prob (v € Fi1) (1 — p) K (csy) I

S (1= ) K (en) 1.

= Prob (U € FH),ME (’U — ]lU € Fll) — f(sll) b

The lender’s payoff under §y; in (Sl, 61> is

Wo1 = Prob (v € Fyy UD) uE (v — I|v € Fy; UD) — Prob (v € Foy UD) (1 — ) K (o) I
= Prob (v € Fy UD) uE (v — I|v € Fy, U D) —po%o(l—u)[((co)l.

The lender’s payoff under §;; in (5’1, 61> is
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Wi, = Prob (v € Fy; — D) uE (v —I|v € Fy; — D) — Prob (v € Fy; — D) (1 — ) K (¢1) I
= Prob (v € Fy, — D) uE (v — I|v € Fy, — D) —pl%(l WK () 1.

Then the difference is
W(n + Wn — Wy — Wn

= (L= W) T |f (s01) TK (ea) + f (510) T2 (c0) = po

C C
XOK (co) — Pl*l

2 K (c1)

>0.

The first equality is because the lender actually approves the project in the same
states under these two policies, and this is ganrateeed by condition v; > sup Ej; and
vo < v*. And the last inequality is because condition (31).

The above analysis shows that we can weakly improve the lender’s payoff if there
exists v > vy such that inf supp 74(,,) < Vs(v;). We can repeat the modification we've
done above until this never happens in the disclosure policy. Then our optimal policy
has the following structure: there exists vy € (0,v*), such that o (v) is constant when
v < vg. For all v > vy, v5() = 0 (v) = inf supp 74,y which is an increasing function.
For the signal so = o (0), since the lending cutoff satisfies vs, > vy, and we know that

lim , + o (v) = v4, the message function must be continuous at v.
4

A.16 Proof of Proposition 4.3

We consider a deterministic optimal policy (S, o) such that function o (v) has the
structure in Theorem 4.3 when v < v*. When v > v*, let’s consider the following

function form of o on v € (v*,v]:

o (0) = Vg v E (U*,i)b] ’
v (v) v E (v, 0]

where v (v) is to be solved, and satisfies v (vy) = v, v (V) = v*. For any v € (v, v),
the signal realization is o (v) = v (v), and o (v) = 5 is the equilibrium lending cutoff

of the subgame that contains state v. The lender is indifferent between lending or
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not when observing 7 (v) = o (v). Then the lender’s equilibrium condition is

py (v) = [+ (1 = p) K ()] 1, (32)

where ¢, satisfies

% = Prob (v > v*|s) =

Then the equilibrium condition (32) becomes

g(y () (v)

bg (v)
wy () = |p+ 1—MK< >][
0 =|uta-n —
This is the differential equation in the proposition. When observing s = v,, the
equilibrium condition is pv, = [+ (1 — p) K (¢, )] I, where

Cog _ G (vp) — G (v")
b G (vp) — G (") + G (vg)

(33)

When the signal realization is s = lim,_, + = v;", the equilibrium condition is pv; =
[u +(1—p) K (cv:)} I, where

Cof _ g (Ub) (34)
b g(va)y (ve) + g ()
¢+ = cy,because of the continuity, then condition (33) and (34) imply that % =

g(vp)
g(va)y' (vs)

A.17 Proof of Proposition 5.1

Under the optimal commitment solution, the lender’s payoff is

WC—/UT[MU—MI—(1—u)K(cc)f]dG(v)

= [ (= D) dG (v) = (1= ) IK (@) [1 = G ()],
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where ¢, is determined by b (1 — G (v.)) = ¢.. Then

W, = /j (uv — ul)dG (v) — (1_b'u)IK (ce) ce.

For any constant € > 0 that is small enough, we can find two cutoffs vy (¢) > 0
and vy (€) > v, that satisfy max {vy,ve — v.} <,

1— G(UQ)
G(UC) — G(’Ul) + 1-— G(Ug)

b=cy > c,

G (Uz) — G (UC)
G (Ul) + G (UQ) -G (Uc)

and v; < I <wv. < vy <wv. Let

b=rc <ce,

P1 = G(Ul) +G(U2) — G(Uc),

and
po =G (v.) —G(v1)+1—G(vq),

then we can verify that p; + ps = 1, p1,p2 > 0 and
pic1 +pace = b(1 =G (ve)) = ce.

Consider the following policy with a binary signal space S = {s1, s2}. s is revealed
if the true state is in the set [0,v1] U [v., v2], and s, is revealed if the true state is in
the set (v, v.) U (vg,v]. And the lender commits to lending to the borrower if the true
state is above v, irrespective of the signal realizations. Then under this policy, it’s
easy to verify that Prob (s;) = p; and Prob (s3) = ps. Under signal s, in equilibrium,
the lender approves the loan if and only if v € [v., v2], and under signal s,, the lender
approves the loan if and only if v € (vy,v]. The lender’s expected payoff under this

alternative disclosure policy is

(1—p 1

b (D1 K (1) ¢1 4+ pa K (c2) ca] -

W= [ o = p1)dG (o) -

Since pic; + paco = ¢, and function K (x) is strictly concave at c., we can choose
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e > 0 that is small enough, such that
pK (c1) 1+ poK (e2) o < c. K (c.),

and thus Wy < Wj. So in this case, even the lender commits to an optimal lending

cutoff v., she can still receive higher payoff by disclosure.

A.18 Proof of Theorem 5.1

Suppose the disclosure policy is (S, ). First, it’s obvious that when the verification
cost t is sufficiently high, the verification technology will never be used. In our

analysis, we already show that in any equilibrium s such that the verification is
(1-p) K (cv)
pt(1=p)K(cv) ™"

And the lending market equilibrium is also uniquely pinned down. Then there is

used, the data manipulation cutoff ¢, is uniquely pinned down by t =

at most one signal s under which verification is used. Suppose under s, € S, there
is verification used in equilibrium, and Prob (s,) > 0. Let v, be the solution of
pv, = [p+ (1 —p) K (c,)]I. Then we can weakly improve the lender’s payoff if
supp (75,)N[0, v,] # 0. To see this, suppose supp (7s,)N[0, v,] = B, and Prob (B|s,) >
0. It’s clear that the lender will never lend to the borrower if v € B in equilibrium
Sy. Then let’s consider a new disclosure policy which keeps everything unchanged
except disclosing whether the true state v € B or not if the signal realization is s,
in the previous policy. It’s clear that if the true state v € B, the lender’s payoff
from these states is zero under the old policy, and is non-negative under the new
policy, so it weakly improves. The lender’s payoff from other states are unchanged,
because the lender is always indifferent between verifying borrower type or not under
this equilibrium s,, and thus the lender’s payoff will be unchanged from these states.
Then the lender’s payoff weakly increases under the new policy.

So the lender will reveals whether the state v is above v, or not, and if v > v,,
the lender will verify the borrower type with positive probability. The borrower’s
equilibrium condition implies that the probability p* satisfies

b(l - p*> = Cy,

which is p* =1 — . When v < v, is revealed, the lender will not verify the borrower

type, and in this case, our Theorem 4.2 shows that the lender can maximize her
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profit by disclosing information optimally in the way characterized by the Theorem

4.2, while the only difference being the prior becoming G* (v) = min {g((v?), 1}.

The last part of the proof is to show that for any cost t,, if when ¢t = t,, verification
is used with positive probability under the optimal disclosure policy, then verification
will always be used under optimal policy for any ¢ < t,. This result is straightforward.
Suppose Wiy is the lender’s payoff when there is no verification technology available,
and Wy (t) is lender’s payoff when verification is available and the cost parameter is
t. It’s obvious that Wy (t) is decreasing in t, so if Wy (t,) > Wy, we must have
Wy (t) > Wyy for any t < t,. This means that when ¢ is below a threshold (denoted

as tV), verification will always be used under the optimal policy.

62



	Introduction
	A Simple Model
	The Main Model
	Model Setup
	The Market Equilibrium 
	Suboptimality of No Disclosure 

	General Properties of Optimal Policies
	Implementation and Examples

	Extensions
	Commitment: Information vs Decision 
	Costly Verification

	Conclusion 
	Proofs
	Proofs in Section 2
	Proof of s(1,c)=0 
	Proof of Lemma 3.1
	Proof of Proposition 3.1
	Proof of Lemma 3.2
	Proof of Lemma 3.3
	Proof of Proposition 3.2
	Proof of Lemma 3.4
	Proof of Lemma 4.1
	Proof of Theorem 4.1
	Proof of Proposition 4.1
	Proof of Proposition 4.2
	Proof of Lemma 4.2
	Proof of Theorem 4.2
	Proof of Theorem 4.3
	Proof of Proposition 4.3
	Proof of Proposition 5.1
	Proof of Theorem 5.1 


