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Abstract

We investigate the effect of scrutiny (e.g., credit ratings, analyst reports, or mandatory
disclosures) on the security design problem of a privately informed issuer. We show
that scrutiny has important implications for both the form of security designed and
the amount of inefficient retention of cash flows. The model predicts that issuers
will design informationally sensitive securities (i.e., levered equity) when scrutiny is
sufficiently intense. Otherwise, issuers opt for a standard debt contract. Scrutiny
increases efficiency by decreasing issuers’ reliance on retention to signal quality, and
perhaps counterintuitively, decrease price informativeness.
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1 Introduction

It is well understood that asymmetric information between sellers and buyers can distort
market outcomes (Akerlof, 1970; Spence), 1973). This issue has received a particularly
large degree of attention, both from participants and regulators, in securities markets. For
example, an industry of analysts is devoted to scrutinizing the financial positions of public
corporations and valuing their equity; credit-rating agencies (CRAs) use sophisticated models
to estimate default probabilities for bonds and asset-backed securities (ABSs); dating back
to the Securities Act of 1933, US regulators have imposed reporting and disclosure require-
ments on entities wishing to raise capital in public markets. The aftermath of the financial
crisis has seen renewed debate among policymakers about how best to regulate securities
markets. Much of this debate has focused on the degree of scrutiny applied to security
issuances, including disclosure requirements and regulation of CRAs[]

In this paper, we investigate the effect of scrutiny on security design. The model features
a liquidity-constrained issuer who has existing assets that generate a random future cash flow
X. To raise capital, the issuer can design and issue a security F', backed by her asset’s cash
flows, to a competitive market of risk-neutral investorsE] The issuer has private information
about the quality of her assets (high or low), which may hinder her ability to raise funds
in the market. In addition, the security design may signal information to investors. After
the security is designed, it is subject to scrutiny, modeled as an informative public signal,
S, about the value of the security. Thus, there are two potential sources of information that
investors receive: (i) the strategic signal, F', chosen by the issuer and (ii) the public signal, .S,
resulting from scrutiny. After observing F' and S, the market-clearing price is determined.

As a benchmark, we first consider the model without scrutiny. In this case, an issuer

!For example, in implementing Section 942(b) of the Dodd-Frank act, the SEC introduced rules that re-
quire ABS issuers to provide standardized, asset-level information to potential investors prior to the offering.
Section 933 of the same law increases enforcement and penalty provisions that allow the SEC to bring claims
against CRAs for material misstatements or fraud.

2For example, the issuer could be a firm with profitable investment opportunities that raises capital by
selling claims to cash flows generated by existing assets, or a bank selling ABSs in order to make more loans.



with high-quality assets chooses to perfectly signal her “type” to investors by choosing to
issue a debt contract, F' = min{d, X'}, and to retain the remainder of cash flows. Hence, the
issuer retains a levered equity claim. The issued debt level d is determined by the minimum
amount of cash flow retention needed to separate from the low type, who sells a claim to
all of her cash flows, I’ = X. Because asset quality is perfectly revealed by the choice of
security, prices reflect all available information. This information transmission, however, is
not without cost because retaining cash flows means forgoing gains from trade.

We then analyze the model with scrutiny. We show that there exists a unique equilibrium
satisfying standard refinements and provide a full characterization of the equilibrium as it
depends on the statistical informativeness of scrutiny, which we take as exogenous in our
baseline model.

Our first result is that scrutiny induces the seller to issue a more informationally sensitive
security. Intuitively, with little to no scrutiny, the most credible signal of high quality remains
the seller’s willingness to retain the portion of the cash flow that is most sensitive to her
private information, which is accomplished by issuing debt and retaining a (levered) equity
claim. However, with enough scrutiny, the opposite is true: the most credible signal of high
asset quality is to issue the most informationally sensitive portion of the cash flow. Doing so
creates exposure to “scrutiny risk,” signaling confidence that the issuer expects scrutiny to
authenticate her private information. We characterize precisely the condition at which the
issuer switches from issuing a debt security to issuing a levered equity security, and refer to
this condition as a-informativeness.

Our second result is that scrutiny reduces inefficient retention. With little to no scrutiny,
types fully separate through the securities they design. With enough scrutiny, however, the
high-type issuer starts to rely (at least in part) on the resultant public signal for information
transmission. Doing so requires some degree of pooling—if all information is revealed by
choice of security, there is nothing left for scrutiny to uncover. Therefore, the high-type

issuer retains a smaller portion of the residual cash flows, thereby reducing her amount of



inefficient retention. Because the low-type issuer also chooses this level of retention (with
at least some probability) as opposed to selling the entire cash flow, her inefficient retention
increases. However, the first effect dominates and overall efficiency increases. We precisely
characterize the condition at which retention levels switch from separating to (at least some
degree of) pooling. We refer to this condition as [-informativeness, and show that it is
strictly weaker than a-informativeness.

An implication of our findings is that introducing scrutiny decreases the total amount
of information transmitted to investors and prices become less informative. With little to
no scrutiny, full information is conveyed by the strategic signal, and thus prices are fully
revealing. Because scrutiny induces pooling but is imperfect, prices convey strictly less
information than without scrutiny. In the limit as scrutiny becomes fully revealing, so too
do prices. Thus, price informativeness is non-monotone in the intensity of scrutiny.

In the empirical literature, it is well established that information asymmetries between
firms and outsiders, as well as the presence of debt ratings or analysts reports, affect firms’
financing and investment decisions (Bharath et al., 2008} |Graham and Harvey, 2001} |Kisgen,
2006; Chang et all 2006]). Our model is motivated by these facts, and its main predictions
align with existing evidence.

First, more intense scrutiny leads the firm to issue more informationally sensitive secu-
rities. (Chang et al.| (2006) find that as the number of analysts that follow a firm increases,
the firm is more likely to issue equity as opposed to debt. Moreover, |(Chang et al. (2009)
find that as the quality of firms’ auditors increases, companies issue more equity. Derrien
and Kecskés| (2013)) show that an exogenous decrease in the number of analysts who follow a
firm reduces the firm’s external funding and subsequent investments. In addition, they find
that the issuance of equity and risky debt falls by more than that of safer, short-term debt.

Second, by reducing the incentive to signal through retention, scrutiny improves firms’
access to external finance. Faulkender and Petersen! (2005) document that firms with a debt

rating have significantly more leverage. In addition, Sufi (2007)) finds that the presence of



third-party certification increases firm debt issuances and subsequent investmentsﬁ

In our baseline model, the intensity of scrutiny is independent of the security issued and
the information resulting from scrutiny is publicly observed. In practice, larger or riskier
issuances may be subject to more scrutiny, and investors may obtain private signals in
addition to public ones. In Section [6] we incorporate each of these two considerations.

First, we extend the model to allow for security dependent scrutiny, wherein a more
informationally sensitive security is subject to more scrutiny thereby leading to more public
information. We parameterize this degree of dependence by p. We first generalize our
results from the baseline model by showing that levered equity (respectively, debt) emerges
as the security designed in equilibrium when p is sufficiently high (low). However, relative
to the baseline model, a high-type issuer has stronger incentive to issue an informationally
sensitive security. Moreover, a novel feedback effect emerges: more scrutiny incentivizes
more informationally sensitive securities and more informationally sensitive securities invite
more scrutiny. For intermediate p, this feedback loop results in multiple equilibria, which
can feature drastically different levels of retention, informativeness, and efficiency. We show
that equilibria are Pareto ranked with both issuer types preferring the equilibria with less
retention, more informationally sensitive securities, and more resultant scrutiny. Hence,
there is a clear sense in which the feedback effects of security dependent scrutiny could lead
the market to get “stuck” in a suboptimal outcome.

Second, we consider an extension of the model in which investors observe private signals
instead of (or in addition to) the public signal. We generalize the two conditions that effect
the security form and the level of retention (a- and [-informativeness, respectively) and
show that our main results extend. What is essential for our results is that a privately
informed issuer is potentially exposed to fluctuations in the price of her security due to noisy
information observed by investors, which naturally captures many market and informational

settings. However, when signals are privately observed, a higher level of signal precision is

3To the best of our knowledge, our model’s prediction that introducing scrutiny can lower price informa-
tiveness has not been empirically tested.



needed to induce the issuer to shift from issuing debt to levered equity.

1.1 Related Literature

Following Myers and Majluf (1984), an extensive literature studies security design in the

presence of adverse selection. There are two common modeling approaches in this literature.

In the approach of [DeMarzo and Duffie, (1999), securities are designed before the seller

observes private information (ex ante), and signaling occurs through the choice of quantity

of the designed security. As a result, the form of the security designed cannot signal the

seller’s private information. This approach is also adopted in DeMarzo (2005) and

and Mariotti (2005). In the approach of [Nachman and Noe (1994), securities are designed

after the seller observes private information (ex post), but the issuer needs to raise a fixed

amount of funds, which leads all seller types to offer the same securityEl A similar approach

is adopted in |Boot and Thakor| (1993), Fulghieri and Lukin| (2001), [Fulghieri et al.| (2020).

In both approaches, the equilibrium prediction is that the seller issues a debt security, as
debt minimizes the security’s sensitivity to the issuer’s private information.
In contrast, we analyze an ex post security design problem where the quantity of funds

raised is a strategic choice made by the seller. As a result, different seller types may issue

different security forms in equilibrium. DeMarzo| (2005) argues that debt is the equilib-

rium security design in an ex post setting without scrutiny, and DeMarzo et al.| (2015))

provides a formal proof of the aforementioned result for a setting with an arbitrary number

of seller-types. |Asriyan and Vanasco| (2020) analyze an ex post security design problem in

a nonexclusive competitive screening environment. Our contribution to this literature is to
characterize how equilibrium security design changes in the face of scrutiny.
The use of informationally sensitive securities may also be desirable in order to extract

information from investors or to induce them to acquire information (for example, |Boot

“A recent exception is [Malenko and Tsoy (2020), who show that in a setting with ambiguity aversion,
different seller types may issue different security forms (debt vs. equity), even when they must raise a fixed
amount from investors.




and Thakor| 1993} |Yang, [2015; |Yang and Zeng, 2015). Axelson| (2007)) considers a setting

where only investors have private information. He shows that the seller may choose to issue
an informationally sensitive security when competition among investors is high in order

to increase the correlation between the amount raised and investors’ private information.

\Chakraborty and Yilmaz (2011) study the role of public information revealed after the

security is sold in a setting where the firm must raise a fixed amount. They show that
first-best allocations can be obtained if securities can be made contingent on investors’
information.

Related to our findings with security dependent scrutiny (Section [6.1)),
show that sellers may benefit from issuing more informationally sensitive se-
curities when investors’ costs of information acquisition is relatively lowﬂ A novel aspect
of our model is the feedback effect that generates multiplicity, including the coexistence of
equilibria with different security formsﬁ

Feedback effects between market prices and real decisions have been explored in a variety
of other contexts. Broadly speaking, these models feature a decision maker (e.g., a manager
or policy maker) who uses the market price to determine whether to take a certain action

that effects the value of the firm and an informed trader who accounts for her influence on the

manager’s decision when deciding how aggressively to trade (e.g., |Goldstein and Guembell

2008; Edmans et al.[2015; Boleslavsky et al.2017)). Bond et al|(2012) provide an excellent

survey of this literature.

Our model builds on the framework developed in Daley and Green| (2014) who study

how the presence of grades affects equilibrium behavior in signaling games, such as the

canonical models of (1973) and Leland and Pyle| (1977). In their model, the signal

space is one dimensional. In this paper, to study security design, the signal space is an

(infinite-dimensional) set of functions from realized cash flows to security payoffs.

5|Dang et a1.| q2010D argue that debt promotes market liquidity as it discourages information acquisition.
®In a different setting, Boot et al| (2006) show that ratings can work as a coordination mechanism in
situations where multiple equilibria would otherwise arise.




2 Model

There are two periods. A risk-neutral agent owns an asset that generates a stochastic cash
flow X in period 2. The agent has an incentive to raise funds by issuing a claim to some
portion of the cash flow due to, for example, credit constraints or capital requirements. We
refer to this agent as the seller or issuer and capture her incentive in reduced form by
assuming that she discounts period-2 payoffs at 6 € (0, 1), whereas, there is a competitive
market of risk-neutral investors, whose common discount factor is 1]

At the beginning of the first period, the seller privately observes a signal ¢t € {L, H},
which we refer to as her type. We denote the distribution and density of X conditional on ¢
by II; and 7, respectively, where m;(x) > 0 over a common support = € [0,Z]. The densities

(z)

satisfy the monotone likelihood ratio property (MLRP): %

After observing her type, the seller issues a security, F' = ¢(X), where ¢ : [0,7] —

is increasing in x.

[O,E]ﬁ Specifically, for any realization of the cash flow x, ¢(z) is the amount paid to the
investor who purchased the security and = — ¢(x) is the amount retained by the seller.
Following the literature, we restrict attention to securities in which both ¢(x) and z — ¢(z)
are nondecreasing in z, which is typically justified on the grounds of moral hazard (e.g.,
Nachman and Noe, [1994)). Denote the set of all such securities by F. After the seller designs
the security, the security is subject to scrutiny which generates a public signal correlated
with ¢.

Investors share a common prior oy = Pr(t = H) € (0,1). Based upon the security
offered for sale, F', and the signal realization, s, investors update their prior to a final belief

pe(F,s) = Pr(t = H|F,s). Since the market is competitive, the price paid for the security is

P(Flpg) = BMF] = pBIF|H] + (1= py) E[F|L]. (1)

"This approach is also used in |DeMarzo and Duffie| (1999), Biais and Mariotti (2005), [DeMarzo| (2005)),
and [Holmstrom and Tirole| (2011)), among others.
8That is, ¢(+) is a function, whereas the security F is the random variable ¢(X).



The seller’s realized payoff is U(F, P,z) = P+ 0(x — ¢(x)). Notice that because the seller is

impatient, the uniquely efficient outcome is to sell the entire cash flow (i.e., F' = X).

Solution Concept

To handle the common problems posed by the freedom of off-equilibrium-path beliefs in
signaling games, our solution concept is perfect Bayesian equilibrium satisfying the D1 re-
finement (Banks and Sobel, [1987; |Cho and Kreps| [1987)), hereafter simply referred to as
equilibrium. Essentially, D1 requires investors to attribute the offer of an unexpected secu-
rity to the type who is “more likely” to gain from the offer compared to her equilibrium

payoff (a formal description of the refinement is found in the appendix.).

Debt and Levered Equity

Before beginning the analysis, it will be useful to develop notation for two particular forms

of securities.

Definition 1. A debt security, FP, is characterized by its face value, d € [0,7], as

FP =min{d, X}. Let FP = (FP)aez be the set of all debt securities.

If the seller issues a debt security with face value d, she retains a levered equity claim:
X — FP = max{0,X — d}. Conversely, if the seller issues a levered equity security, she

retains a debt claim.

Definition 2. A levered equity security, F, is characterized by the strike cash flow,
a € [0,7], as F! = max{0, X — a}. Let F* = (F)aepz be the set of all levered equity

securities.

Of course, FIP = F;' = X. That is, selling the entire cash flow is a special case of both

forms of securities.



3 The No-Scrutiny Benchmark

As a benchmark, consider the model without scrutiny, which is a signaling model in which
investors only update their beliefs based on the strategic signal chosen by the issuer. In this

case, we obtain the following result.

Proposition 1. Without scrutiny, there is a unique equilibrium and it is fully separating. In
it, the low type issues a claim to her entire cash flow and the high type issues a debt security

with a face value d*© given by
E[X|L] = E[min{d"® X }|H] + §E[X — min{d““, X}|L]. (2)

The first part of the result is that, of all the securities available in F, the high type will
issue a debt security. Intuitively, since high cash flow realizations are more indicative of
t = H, the high type is more willing than the low type to retain the claim that only pays off
in such realizations. Hence, issuing debt is the “least costly” way to separate from the low
type. A similar result is discussed in DeMarzo| (2005)). We offer a new and relatively simple
proof of this result, which is a special case of Theorem [Ij(a) (see Section [f]).

Given that the high type will issue a debt security, the choice of the seller becomes one-
dimensional—select d € [0, Z]—and the model is similar to signaling environments that have
been studied in the existing literature. Because retention is costly, the high type retains
as little as possible—by setting d*¢ as high as possible—subject to the low type weakly
preferring her full-information payoff to imitating the high type’s issuance, as stated in ({2)).
Because the equilibrium is separating, the seller’s information is revealed to investors and

security prices accurately reflect all information.



4 Scrutiny

We model scrutiny as a process that generates a public signal, .S, which is a random variable
with type-dependent density function ¢; on R.ﬂ The information content of a realized signal,
s, is captured by f[(s) = Zﬁl—((ss)) Without loss, order the signals such that § is weakly
decreasing. For convenience, we assume that qg, q; are continuous almost everywhere, the
informativeness of the signal is bounded (i.e., 8(-) € (0,00)), and, unless otherwise stated,
signals contain non-trivial information (i.e., 8(s) # 1 on a set of positive measure).

While §(s) measures the informativeness of a particular signal realization, s, the infor-
mativeness of scrutiny, which depends on {qr,qn}, will be the critical determinant of the
model’s predictions. Blackwell (1951) and Lehmann| (1988) provide the two predominant
notions for what it means for one set of signal distributions to be unambiguously more
informative than another, which each endow a partial ordering. We will show that there
are two critical measures of informativeness for our analysis, each of which is based on the
differing expectations of the issuer types. Both measures are strictly weaker than the no-
tions of Blackwell and Lehmann, and each endows a complete ordering over sets of signal
distributions.

Consider the market belief that ¢ = H after observing the chosen security, F', but prior
to any scrutiny. We refer to this belief as the interim belief. An arbitrary interim belief is
denoted p, and p(F') indicates the interim belief conditional on the seller’s chosen security

F. For an interim belief y, the final market belief given S = s is determined by Bayes rule:

1 (s) 7
pr(p, s) = = - (3)
! puar(s) + (1 —par(s)  p+ (1 —p)B(s)
9To accommodate situations with a finite support {s1, sa, ... }, with probabilities p;(s,), let g:(s) = p¢(sn)

for s € [n,n+ 1) and ¢;(s) = 0 for all other s.
10T g (s) = qr.(s) = 0, we adopt the convention that 3(s) = 1.

10



Let ay (1) denote the expected posterior belief from the type t’s perspective:

() = Eslpg(p, S)[t]. (4)

Immediately, ay () > ap(p) with the inequality being strict if and only if p & {0,1}.
Also, the difference between them, denoted by a(u) = ay(u) — ar(p), is continuous and
single-peaked as illustrated in Figure [I{(b).

In determining the form of the security designed in equilibrium under scrutiny, the rel-
evant measure of informativeness is the maximum difference in the expected final market
belief between the seller types: & = max,cjo1 @(). The key determinant will then be how

this measure of scrutiny compares to the gains from trade.
Definition 3. Scrutiny is a-informative if & > 9.

Notice that Definition [3]is independent of the cash flow distributions. To ease exposition,
we assume that & # 0 unless otherwise stated. The following parametric example will be

used in figures to illustrate key results.

Example 1. The cash flow, X, is distributed according to the power distribution, 11, = x® on
[0,1], with ¢, < cy. The public signal is normally distributed with type-dependent mean my
and precision T (larger T corresponds to more intense scrutiny). Without loss of generality,

we normalize mr, = 0 and mg = 1.

5 The Equilibrium with Scrutiny

5.1 Security Form

We begin with the main result.

Theorem 1 (Effect of Scrutiny on Security Design). In the unique equilibrium,

11
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FIGURE 1: Panel (a) illustrates oy, and ay as a function of the interim belief for precision levels
of 7 = 2 (dashed) and 7 = 3 (solid). The dotted black line is the 45-degree line, which also
corresponds to a; in the model without scrutiny. Panel (b) depicts a as a function of the interim
belief for the same two levels of precision. Scrutiny is (is not) a-informative when 7 = 3 (when
7 = 2). Parameters used: ¢;, =1, ¢y = %, 6= %.

(a) If scrutiny is a-informative, then both types issue levered-equity securities.

(b) If scrutiny is not a-informative, then both types issue debt securities.

To arrive at this result, first recall that the final update from the interim to final belief
is a straightforward application of Bayes rule. We can therefore use and to write the

seller’s expected payoff given any security F' and interim belief p as

w(F,p) = E[P(F)|t, u] + 6 (E[X — FIt)

= () E[F|H] + (1 — () E[F|L] + 6 (E[X — Ft]) . ()

A key part of proving Theorem [I}is characterizing the solution to the following maximization

problem.

max ug(F, p)
o M(k)
s.t. up(F,p) = k.

The following lemma explains why the solution to is important.

12



Lemma 1. In any equilibrium, if the low type’s payoff is uy, = k, then the high type
issues a security F*(k), which results in an interim belief p(F*(k)), such that the pair

{F*(k), u(F*(k))} solves DI(E]

Intuitively, if the high type does not select a security that solves , then by D1, the
off-path issuance of a security that does solve will be attributed to the high type since
she stands to gain more than does the low type from this deviation. This attribution makes
the deviation profitable, breaking the equilibrium.

In M(K)} ur(F,p) = k by the constraint. Hence, we can subtract ur(F,u) from the

objective in without changing the set of solutions. Next, from , we have that
ug (Fy i) —un(F,p) = (a(p) = 6) (B[F|H] — E[F|L]) + 6 (E[X|H] — E[X[L]).

Finally, 0 (E[X|H] — E[X]|L]) is a constant unaffected by F" and p. So, the solutions to [M (k)]
are identical to the solutions to the following:
max (a(u) — 8) (EIF|H] - E[F|L)

Fu -

=Ar M2 (k)

st.urn(F,p) = k.

The objective inprovides insight into the factors that determine what form of secu-
rity will be issued in equilibrium. The second term in its product, Ar = E[F|H] — E[F|L],
is the relevant measure of the informational sensitivity of the security F'. Holding investors’
interim belief fixed, the greater is Ap, the more influence scrutiny will have on the price of

the security. Of course, Ap > 0 for all F' € F, with the inequality strict for all F* # 0.

Given Lemma [1} the equivalence between the solutions to [M(k)| and M2 (k)] therefore

sheds light on the importance of a-informativeness. If scrutiny is not a-informative, the
objective in is always negative, and the high type seeks to minimize informational

sensitivity subject to the constraint. This is accomplished by issuing a debt security: for

13



any k, there exists a dj such that F C{i is the unique security in F that minimizes Ag subject
to the constraint.

On the other hand, if scrutiny is a-informative, then the objective can be made positive
and the high type wants to instead choose a security that maximizes Ap, provided that
doing so leads to a belief y(F) such that a(u(F)) > 6[7] Intuitively, if scrutiny is sufficiently
intense, the way for the high type to maximize her payoff is by designing a security whose
value is most sensitive to type. By doing so, she creates more exposure to the outcome of

scrutiny and demonstrates confidence that the outcome will be favorable.

Lemma 2. For all k € [u,u) = [E[X|L], E[X|H]), the solution to is unique. If
scrutiny is a-informative, then F*(k) is a levered equity security. Otherwise, F*(k) is a debt

security.

5.2 Retention and Equilibrium Characterization

The space of feasible securities that could be issued, F, is infinite dimensional. Theorem
reduces the dimensionality of the relevant space: either the face value of debt (if scrutiny
is not a-informative) or the strike cash flow of a levered equity claim (if scrutiny is a-
informative).

Once the signaling space has been reduced to a single dimension, we can apply the
framework developed in Daley and Green| (2014) to fully characterize the equilibrium. They
show that the measure of informativeness that determines whether the equilibrium will be
separating or involve pooling depends on the expected likelihood ratios of the seller types
and payoff parameters. Given the utility function of the seller in our model, the relevant

condition is as follows.

Definition 4. Scrutiny is B-informative if % -1> (%) (HL(fi;);(ng(C)lw))

The following lemma establishes a relation between our two measures of informativeness.

UFor sufficiently high priors, it will not be feasible to achieve a(u(F)) > §. In this case, both types sell
their entire cash flows (see Proposition .

14



Lemma 3. If scrutiny is a-informative then it is S-informative. The converse is not true.
The following proposition describes equilibrium retention.
Proposition 2 (Effect on Retention).

(a) If scrutiny is S-informative, in the unique equilibrium the high type retains less than is
required for separation. Hence, there is at least some degree of pooling on the security

1ssued.

(b) If scrutiny is not B-informative, then the unique equilibrium is least-cost separating as

in Proposition [1]

Recall that in the no-scrutiny benchmark, the seller issues debt because it is the most
informationally insensitive form of security. In addition, equilibrium play fully reveals the
seller’s type to the market since the high type (inefficiently) retains enough to accomplish
separation. Our results demonstrate that both of these features are upended under sufficient
scrutiny, with the retention effect kicking in at a strictly lower level of signal precision than
the security-form effect as shown in Lemma [3| and illustrated in Figure [2(a). Figure [2[(b)
illustrates the sets of cash flows that are retained and issued as a function of the signal
precision. Notice that retention starts to decrease at 73, whereas the security form issued
switches from debt to levered equity at 7,.

To understand the argument behind Proposition [2], consider first the case where scrutiny
is not a-informative, meaning the solution to involves issuing debt. Hence, we can
restate the problem as

max (a(p) —9) (Emin{d, X }|H] — E[min{d, X }|L])

d,p

sit.up(FP ) = k.

Since the signaling space has been reduced to a single dimension (Theorem , the solution

can be illustrated graphically. Let us examine how the solution to M(u) depends on the

15
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FIGURE 2: Panel (a) illustrates when the two critical conditions for security form and retention
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ratio of the LHS to RHS of the condition in Definition Therefore, scrutiny is a-informative
(B-informative) when the solid (dashed) curve is above zero. Panel (b) illustrates the portion of
the cash flows that are issued (light gray) and retained (dark gray) by the high type as a function

(
of the signal precision. Parameters used: ¢, =1, cg = %, ) %.

intensity of scrutiny. Starting with the no-scrutiny case, Figure (a) shows the low type’s
indifference curve for u;, = u (in red). Therefore, the depicted (dy, 1) satisfies the constraint,
but it does not solve M(u) since shifting to points with higher p-values on the low type’s
indifference curve strictly increases uy. In fact, without scrutiny, the indifference curves for
the two types satisfy the single-crossing property, meaning the unique solution to M(u) is
the boundary solution: (d,u) = (d*“,1). This is the property underlying Proposition :
without scrutiny, u;, = u, and the high type separates by choosing FdDLC which leads to the
separating interim belief p(Fio) = 1.

Recall from Figure[I|that ay increases and oy, decreases with the introduction of scrutiny.
That is, scrutiny increases (decreases) the expected posterior of the high (low) type. From

(B), the type-t issuer’s expected payoff is increasing a (). Hence, for any (d, 41), introducing

scrutiny decreases uy and increases uy. This is depicted in Figure (b) The low type’s

12That is, the 8 measure is equal to In [(5[[//33((5;“?] — 1) / (% %)].
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blue indifference curve is for the high type at a suboptimal value. Parameters used: ¢, = 1, cyg = %,

5—3.
indifference curve is higher than without scrutiny (i.e., a higher interim belief is needed to
offset the negative impact of scrutiny and keep u;, = wu), whereas the high type’s indifference
curve is lower than without scrutiny. Whether or not the solution to M(u) is altered, then,
is determined by whether the high type’s curve falls below the low’s at (d*“,1). This is
why Theorem [2| hinges on S-informativeness, which is the precise condition that determines
whether scrutiny moves the solution to M(u) away from the boundary. Finally, if (d“, 1)
does not solve M(u), then separation is not possible in equilibrium: separation implies
uy, = u, but Lemma [1| would then imply that the high type selects a security that leads to
an interim belief such that the pair is a solution to M(u)—a contradiction.

Intuitively, as scrutiny intensifies, the high type wishes to rely at least partially on it
in equilibrium for price determination. But relying on scrutiny requires some degree of
pooling—if the high type separates by choice of security, there is nothing left for scrutiny
to reveal. Simultaneously, reliance on scrutiny allows the high type to reduce her degree of
inefficient retention by selecting a face value of debt that is strictly higher than d*C.

Appendix [A] provides a complete characterization of the equilibrium. To do so, we estab-
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lish the properties of the solution to that allow us to apply Proposition 3.8 of Daley
and Green| (2014)), and thus first solve for all feasible low-type utilities to then con-
nect the solution locus to equilibria. A brief summary of these findings is as follows. First,
Proposition[2|(a) already describes the equilibrium when scrutiny is not -informative. When
scrutiny is f-informative, the unique equilibrium involves partial (full) pooling if the prior is
below (above) a threshold. In the partial pooling equilibrium, the low type mixes between
selling the entire cash flow and mimicking the high type, where the form of security issued

by the high type is characterized by Theorem [1]

5.3 Price Informativeness

Perhaps counterintuitive at first pass is that scrutiny decreases the total amount of infor-
mation transmitted to investors in equilibrium. Consequently, if scrutiny alters retention,
securities are mispriced in that they do not reflect all information, unlike in the no-scrutiny
environment. Naturally, in the limit as scrutiny becomes fully informative, so too are prices.
An immediate corollary is that the total amount of information transmitted to investors (from
both the strategic signal and public signal) is non-monotone in the intensity of scrutiny.
Our finding that scrutiny can reduce the total information transmitted is reminiscent
of the “crowding out” effect (Goldstein and Yang, 2017)), in which public disclosure can
reduce private incentives for information acquisition. However, the reduction in price infor-
mativeness associated with scrutiny is not detrimental to welfare. In our model, the only
source of inefficiency are cash flows retained by the issuer. In fact, greater scrutiny reduces
the high type’s incentive to strategically signal and leads to less (inefficient) retention (see
Figure . Of course, the existing literature has identified a variety of potential reasons
(outside of our model) for why more informative prices are desirable. In particular, prices
may inform: managerial decisions, (Fishman and Hagerty, [1992; |Leland} 1992; Dow and
Gorton, [1997; [Edmans, Goldstein, and Jiang, |2015)), government interventions (Bond, Gold-

stein, and Prescott], 2009; Bond and Goldstein, 2015; [Boleslavsky, Kelly, and Taylor}, 2017,
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and monetary policy (Bernanke and Woodford, 1997)).

5.4 Eliminating Inefficient Retention

As we have already shown, scrutiny decreases the reliance on inefficient retention as a strate-
gic signal. It is natural to then ask whether scrutiny can fully eliminate signaling via reten-

tion, which is answered in the next proposition.

Proposition 3. If scrutiny is sufficiently intense such that the public signal satisfies

w1~ (755) ()

then there exists i € (0,1) such that both types efficiently sell their entire cash flow (i.e.,
issue F' = X)) for all py > fi.

The criterion in the proposition is analogous to S-informativeness except with the RHS
evaluated at the upper limit of cash flows, Z, rather than at dLC. This criterion is stronger
than [-informativeness, but weaker than a-informativeness (see the proof of Lemma [3)).
Therefore, full efficiency is achieved for sufficiently high priors whenever scrutiny is a-

informative.

6 Extensions

In this section we consider two extensions of the baseline model. In the first, we allow the
intensity of scrutiny to depend on the security issued. In the second, we consider a setting

in which investors observe private signals in addition to the public signal.

13Because 115 (Z) = I (Z) = 1, the condition in the proposition is from L’Hospital’s rule.
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6.1 Security Dependent Scrutiny

In the baseline model, the distribution of the public signal is independent of the issuer’s choice
of security. In this section, we assume that the more sensitive the value of a security is to
information about ¢, the greater the scrutiny that it invites, resulting in more information
for investors. Our main result is to demonstrate that this feature introduces feedback effects
between investors’ information and security design that can give rise to multiple equilibria,
with different security forms and levels of retention.

Before discussing the feedback effects and multiplicity, we first generalize our findings
from the baseline model by showing that debt and levered equity emerge as the securities
designed in equilibrium. Compared to the baseline model, security dependent scrutiny pro-
vides an additional incentive to issue informationally sensitive securities, which lead to less
retention in equilibrium.

To model scrutiny that depends on the security, we now suppose that after the type-t

seller issues a security F', investors observe a public signal:

S =pE[F|t] + ¢ (6)

where the noise random variable € has associated density function ¢. with full support on R,
and the constant p > 0 captures the degree of dependence of the public signal on the chosen
security[] Recall Ap = E[F|H| — E[F|L] is the informational sensitivity of F and note that
an H-type seller that issues security F' expects to receive a public signal S with associated
density ¢.(S—pE[F|L]—pAr), while an L-type seller that issues the same security expects to
receive a signal S with density ¢.(S — pE[F|L]). As pE[F|L] shifts both signal distributions
by the same constant, signal informativeness is determined by the product of p and Apg.

Importantly, a more informationally sensitive security generates a more informative signal.

141t is straightforward to generalize to a public signal that depends also on t directly (as in the baseline
model) by having S = m; + pE [F|t] + e. Doing so would complicate the statements of results, as they
would then depend on both p and my — my. Hence, for this section we focus on the new feature—security
dependent scrutiny—by (implicitly) setting my = my.
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We begin our analysis using similar techniques as in the baseline model while taking
into account that expected posteriors beliefs vary both with the interim belief p (as in the

baseline model) and also now with the security issued:

anlarp) = [ (G pAF)d5 (7)
pA (1= 1) owsmm

or(de) = | IEE—CT (8)
pA (=) owsmm

where § = s — pE[F|L] is a transformation and ds = ds = de. Mirroring the baseline model,

qe(s)
ge(s—n)

we assume that is decreasing in s for any n > 0. The difference in expected posteriors
is now denoted by a(Ap, ) = ay(Ap, ) — ap(Ap, ). Hence, we update for seller’s

expected payoff as
u(F, 1) = ay(Ap, p) E[F|H] + (1 — au(Ap, ) E[F|L] + 6 (E[X — Ft]). (9)

Lemma |1] continues to hold using these updated expressions for uy and wy, in [M(k), By
the same transformation, we turn to that analog of :

max (a(Ap, ) —0) - Ap
” Mgp (k)
st up(F,p) = k.

Denote the objective in by V(Ap, ), which is the product of two terms: a(Ap, u)—49
and Ap. The key difference from is that the first term in the objective now depends
on F' (more specifically, on Ag). Observe that starting from Ar = 0 (corresponding to
the seller retaining the entire cash flow), V(0,u) = (0 —9) - 0 = 0, and a small increase
to Ap > 0 decreases the objective. At the other extreme, for Ap sufficiently large, both
terms in the objective are positive and increasing in Ap, so increasing Ap increases the
objective. To summarize, as Ap increases, the objective V is first negative and decreasing,

and eventually positive and increasing. To gain analytic traction, we assume that V' switches
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from decreasing to increasing only once, and that the low type’s expected payoff function

(that governs the constraint in Mg, (k)] is also well behaved.

Assumption 1. For any p € (0,1),

~

(a) there exists a unique A > 0 such that sign (£ = sign(A — A).
(b) W > 0 for all feasible A.

Assumption 1(b) says that, holding the interim belief fixed, the benefit for the low type of
including more cash flows in the security more than compensates for the cost of the more
intense scrutiny that results. In the case of debt securities, the condition ensures that the
low type’s indifference curves slope downward (as illustrated for the baseline model in Figure
. It is straightforward to check that both conditions always hold in the baseline model.
Because of the potential for multiplicity, we will say a security form is an equilibrium
security form for type t if there exists an equilibrium in which type ¢ issues a security of
that form. Our first result establishes the equilibrium security forms are the same as in the

baseline model.

Theorem 2. For both types, the only equilibrium security forms are debt and levered equity.

Also, there exists degrees of security dependence p < p such that, for all priors and types,
(a) levered equity is the unique equilibrium security form if and only if p > p.
(b) debt is the unique equilibrium security form if and only if p < p.

We therefore have a partial analog to the baseline model: levered-equity (respectively,
debt) is issued when investor information is sufficiently dependent on (divorced from) un-
derlying value. As in the baseline model, if the objective of can be made positive
while still satisfying the constraint, then the solution will be levered equity in order to max-
imize informational sensitivity. Moreover, as p increases, the signal is more dependent on
the security’s true value, and a(A, u1) increases for all (A, 1), meaning the objective can be

made positive for more values of k.
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In contrast to the baseline model, even if the objective cannot be made positive, the
solution may still involve levered equity. This is because offering a less informationally
sensitive security form (e.g., debt), now decreases o and makes the objective “even more”
negative. Intuitively, the high type prefers a more informative signal. Hence, security de-
pendent scrutiny gives the high type additional incentive to issue a more informationally
sensitive security. An implication of this additional incentive is that the solution to

involves less retention.

Proposition 4. Let F, (k) solve when scrutiny is security dependent. Consider

now the baseline model with (security independent) scrutiny generating S = pE[F§p(k)[t]+e,
and let F*(k) solve M2 (k)| for this model. Then,

1. If F&p(k) is a debt security with face value d%, < %, then F*(k) is a debt security with

face value d* < dgp.

2. If F5p(k) is a levered-equity security with strike value a%p, > 0, then F*(k) is either a

levered-equity security with a strike value a* > agp, or a debt security.

6.1.1 Multiplicity

When scrutiny has an intermediate degree of dependence on the security designed, whether
the solution to involves debt or levered equity depends on k. Moreover, feedback ef-
fects can sustain the issuance of securities with different levels of informational sensitivity, A.
The feedback loop is that more intense scrutiny incents issuance of informationally sensitive

securities, and more informationally sensitive securities generate more intense scrutiny.
Proposition 5. For all p € (p,p), there exists p* < p? < § < p® such that
o [ither least-cost separating or partial pooling on a debt security with face value d* < &
is an equilibrium for all priors uy < pu® = p*(u).
o Full pooling on a levered equity security with a* > 0 is an equilibrium for all priors
fio € [p', 17].
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e Full pooling on issuing the entire cash flow, F = X, is an equilibrium for all priors

po > pi?.
Therefore, for all priors py € [u', 4], there are multiple equilibria.

Perhaps the starkest feature of the proposition arises when the solution to M4, (u) in-
volves p*(u) = 1. In this case, for any prior, the LCSE (in which the security is debt) is an
equilibrium. In the absence of feedback effects (i.e., in the baseline model), this would imply
that the solution to involves debt and p*(k) =1 for all k, and the LCSE is the unique
equilibrium (Proposition (b))

However, to solve for larger k, the low type must earn a higher expected payoff,
so there must be a decrease in retention. With security dependent scrutiny, a decrease in
retention increases Ap, and therefore increases the informativeness of scrutiny. Hence, for
some k > wu, the solution to can involve p*(k) < 1 even when p*(u) = 1. This
generates multiple equilibria: if p*(k) < 1 for some k > w, then both the LCSE and full
pooling on F*(k) are equilibria when po = p* (k).

Moreover, if p > p, this feedback effect is strong enough such that, for some k > w,
the objective of can be made positive using levered equity. Therefore, for the prior
po = p*(k), the co-existing equilibria differ in their security forms. Finally, for all k large
enough, F*(k) = X with p*(k) increasing in k continuously from § to 1. It follows that
for every prior pg € (%, 1), there are equilibria with drastically different levels of retention,
informativeness, and efficiency: both the (very inefficient) LCSE and the efficient outcome of
both types selling the entire cash flows are equilibrium outcomesm Even when the differences
are less extreme, the welfare ranking of any two equilibria remains unambiguous, as seen in

the following proposition.

1»When scrutiny is not security dependent, if at (F, ) = (F2¢, 1) the high type does not want to increase
the face value of the debt in exchange for the lower belief that keeps the low type’s payoff at u, then the
high type does not want the exchange at any (F,u) = (FP,1) with d > d*“ and uj, = k > u because the
relative cost of including an incremental cash flow in the security is increasing in the cash flow level since
cash flows satisfy MLRP. Security dependent scrutiny introduces a countervailing force.

160ne set of parameters that generates all of the properties described is: Z = 1, II;(x) = 2 with ey = 0.2
and ¢, =0.1, 6 = 0.1, e ~ N(0,1), and p = 5.8.
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Proposition 6. Fquilibria are Pareto ranked, with both issuer types preferring equilibria
with lower retention, and therefore, more intense scrutiny. In particular, if both a levered-
equity equilibrium and a debt equilibrium exist, both issuer types prefer the levered-equity

equilibrium.

Because investors earn zero expected profit, it follows that a levered-equity equilibrium
is more efficient than a debt equilibrium. Hence, there is a clear sense in which the feedback
effects of security dependent scrutiny could lead the market to get “stuck” in a suboptimal
outcome. This is because the debt equilibrium involves more signaling via retention, resulting
in a low Ap, and therefore low signal informativeness (which, in turn necessitates the greater
signaling via retention). In contrast, in the levered-equity equilibrium both types sell more
valuable securities (i.e., E[F|t] is greater for both types), which is more efficient. Under
Assumption (b), this efficiency effect is sufficient to compensate the low type for having to
face more intense scrutiny.

One might wonder why, in the debt equilibrium, deviating to the levered-equity security
offered in the more efficient equilibrium is not profitable. The reason is that such a deviation
has competing interpretations: should investors interpret this choice as a sign that she is
unafraid of more scrutiny (indicating t = H), or merely that she wants to retain less cash
flows (indicating ¢ = L)? Because the debt equilibrium satisfies D1, it must be that the
low type is “more likely” to gain from this deviation in comparison to her debt-equilibrium
payoff, and the latter interpretation dominatesm Yet, these features do not contradict
levered equity being the solution to for the greater low-type payoff in the levered-

equity equilibrium.

17Specifically, given the payoffs associated with the debt equilibrium, such a deviation is profitable for the
low type for a larger set of interim beliefs than for the high type. See the appendix for details regarding D1.
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6.2 Dispersed Information

In our baseline model, we assume that scrutiny generates a public signal (e.g., a credit rating
or analyst recommendation). Other forms of scrutiny may be conducted privately, leading to
private signals (e.g., propriety research or quantitative models). We now extend our findings
to a setting in which investors obtain private signals about the asset cash flows in addition
to any information revealed by public scrutiny.

Dispersed Information. In addition to the public signal with properties described in
Section , each investor i € {1,2,...,n} observes a private signal Z;. Conditional on seller
type t, investor’s private signals are identically and independently distributed, with type-
dependent density function &. We assume the density functions {{y, £, } share the properties
of the density functions for the public signal described in Section [} {gx, ¢z }. This setting
incorporates two special cases: i) our baseline model in which only the public signal is
informative: if £y (z) = £ (2) for all z; and ¢7) a model in which only private signals dispersed
among the investors are informative: if gy (s) = ¢z (s) for all s.

Sales Mechanism. The seller splits security F' into k& < n identical units and elicits
simultaneous sealed bids for a unit from each of the n (potential) investors. Each unit of
security F' is then allocated to the k highest bidders, who pay a price set equal to the (k+1)%
highest bid. This mechanism has been studied extensively in the auction literature (Milgrom),
1981 Milgrom and Weber, [1982; Pesendorfer and Swinkels, 1997; |Kremer, 2002)), with its
most well-known version being the second-price auction (k = 1). It also is employed, and
discussed, in the security design context by |Axelson| (2007)).

As is typical, we focus on the unique symmetric equilibrium of the auction. Let Y,* be
the k' order statistic of out of m draws of investor signals, and let Y*, be the k' order
statistic of signals other than Z;.

In any (symmetric) equilibrium of the auction, the bid of an investor who observes public

signal s and private signal z is given by EFI[F|S = 5,Z; = 2, Y* = £] The first

18 As first shown in Milgrom| (1981).
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difference with our baseline model is that now bidders condition on their private signal
and on it being pivotal—that is, on being tied with the &' highest signal among all other
bidders, Y* = 2. Let u continue to denote the interim belief upon observing security F (i.e.,
w= Pr(t=HI|F)), and let g; be the type-dependent density of Y,* , and thus of Y*,. With

this notation, we can express an investor’s bid as

b(p, s,2) = EIF|L] + iy (u, s, 2) (E[F|H] — E[F|L]), (10)

where

~ _ H
ol 2 S T G, ) .

and B1(s, z) = 6(3)% is the product of the likelihood ratio of the public signal and
an adjusted likelihood ratio of private signal Z that incorporates the equilibrium bidding
strategies of investors. The latter measures the informativeness of signal z, conditional on z
also being the k' order statistic of the other n — 1 draws.

The price of security F the seller receives is given by the (k+1)** highest bid, b(u, s, Y,**1).

Thus, the seller’s expected payoff given any security F' and interim belief p is
u(Fyp) = af (W) E[F|H] + (1 = of (1)) E[F|L] + 6 (E[X — FIt]), (12)

where

aj (1) = Bljg(p, S, Y, )t). (13)

The expression in (12)) is analogous to for the model with only public scrutiny, where
the expected posterior ay (1) is now adjusted to o] (1) to incorporate investors’ equilibrium
bidding strategies in the presence of dispersed information and the auction protocol. The
second difference with our baseline model, seen in , is that the seller is exposed to the

variation in price induced by the (k + 1) order statistic of n draws of Z, Y**! in addition

to the variation induced by the public signal S.
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In our baseline model with scrutiny, we showed that the seller’s decision to i) design

a particular form of security, and i) to perfectly separate or (partially) pool with the

other seller type, each depended on a distinct notion of the intensity of scrutiny (a- and

[-informativeness, respectively). The following two notions of signal informativeness nest
T

the notions from the baseline model. In order to do so, let af(u) = al, (1) — ol (1) and

&' = max,eo1 o (1).
Definition 5 (Generalized Measures of Informativeness).

e Investors’ signals are af-informative if &7 > §.

o Investors’ signals are Bt-informative if

w_l > (L) HL(dLC)—HH(dLC')
E[Bt(S, Y1) H] = \1-6 1Tl (dL0) .

The notion of af-informativeness generalizes the notion of a-informativeness, and 3'-
informativeness generalizes S-informativeness. Analogously, af-informativeness implies S1-
informativeness, but not the converse (generalizing Lemma [3]). First, we re-establish our

main finding on security form.

Theorem 3 (Effect of Signals on Security Design). In the unique equilibrium,
(a) If signals are of-informative, then both types issue levered-equity securities.

(b) If signals are not of-informative, then both types issue debt securities.

Next, we re-establish our main finding on the effect of signals on equilibrium retention:
Proposition 7 (Effect of Signals on Retention).

(a) If signals are BT-informative, in the unique equilibrium the high type retains less than is
required for separation. Hence, there is at least some degree of pooling on the security

1ssued.

(b) If signals are not BY-informative, then the unique equilibrium is least-cost separating

as in Proposition [1]
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Theorem [3] and Proposition [7] show that our results do not rely on the information
observed by investors being exclusively public. What matters is the degree to which the
privately informed seller can rely on the price to move based on information received by the
investor side of the market. If investors will receive very noisy information, its impact on
price will be too low, and the seller chooses to perfectly convey her type through the issuance
of debt securities. If, instead, investor information will be accurate enough to meaningfully
impact prices, the seller exposes herself to this force first by pooling (according to the 5 or

BT criterion), and second by issuing levered equity (according to the o or af criterion).

6.2.1 Example—The Effect of Dispersed Information

In this example we illustrate the impact of investors receiving common versus dispersed
information on the form of the issued security. To do so, we analyze the level of signal
precision required to achieve af-informativeness, which as we have shown shifts the security
form from debt to levered equity. We will analyze two settings. In the first setting, there
are two signals and each signal is publicly observed. In the second, there are two investors
and each investor observes a private signal. In both cases, as in Example [I] the signals are
normally distributed with type-dependent mean and type-independent precision. Figure
illustrates the minimum signal precision needed to achieve af-informativeness as a function
of the discount factor.

Notice that, regardless of the discount factor, the model with privately dispersed signals
requires “more” total information (in terms of signal precision) in order for the form of the
security to shift from debt to levered equity. For example, for a security with a cash flow
duration of 5 years and when the difference between the seller and investors’ discount rate
is 1 percentage point per year (corresponding to § =~ 0.95), the seller issues levered equity
when the signal precision is above 3 with public signals, but only when the signal precision
is above 3.4 when signals are private. Because the auction does not perfectly aggregate the

private information of all investors, privatizing the signals has a similar effect to lowering
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FIGURE 4: Plot of the threshold signal precision as it depends on § and whether signals are public
or private. Above the threshold, the equilibrium security form shifts from debt to levered equity.

their precision.

7 Conclusion

We have analyzed the effect of scrutiny on a general security design problem with a privately
informed seller. Scrutiny incentivizes high-value sellers to issue informationally sensitive
securities and to decrease their inefficient retention. Consequently, low-value sellers are
induced to pool with high-value ones with positive probability, and prices are less informative
than in the (separating) equilibrium of the no-scrutiny environment. When the intensity of
scrutiny depends on the security issued, we demonstrate that feedback effects can lead to
multiple equilibrium including ones that are Pareto dominated. Our main results persist

when investors observe private signals.
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A Detailed Equilibrium Characterization

We here provide a complete equilibrium characterization for the baseline model. To do so, we solve
for all k € [u,w). We then connect the solutions of elum) to equilibrium, following Daley
and Green| (2014). Technically, the payoffs in our model do not satisfy the assumptions in [Daley
and Green|(2014)), so in what follows we establish the properties of the solutions to e[g,ﬂ) that
are sufficient to apply Proposition 3.8 therein.

We begin by analyzing the case when scrutiny is not a-informative. The properties of the
solution in this case are recorded in the following lemma and illustrated in Figure Let d(k) be
the unique solution to u L(Fé?k), 1) = k. That is, d(k) is the face value of a debt security required

for uz, = k given that it engenders a belief that ¢t = H with probability one (e.g., d(u) = d*©).

Lemma A.1. Suppose scrutiny is not a-informative. Then,
(a) The solution to M(k), denoted (F*(k),u*(k)), is unique for all k € [u, ).

(b) F*(k) is a debt security, with face value d*(k), for all k € [u, 7).

(c) w*(k) <1 if and only if g[[g S)|L]} —1> (1 5) (HL(l( I)I)H(Hagi)i(k)))

(d) d* and p* are continuous and strictly increasing in k (modulo boundary conditions).

As seen in Theorem [I] if we further increase the informativeness of scrutiny, the seller no longer
issues debt, but instead its complement: levered equity. We again begin by characterizing the
solutions to e[g,ﬂ)> this time for the case when scrutiny is a-informative.

Lemma A.2. Suppose scrutiny is a-informative. Then,
(a) The solution to denoted (F*(k), p*(k)), is unique for all k € [u,u).
(b) F*(k) is a levered equity security with strike cash flow a*(k), for all k € [u,n).
(c) p (k) <1 for all k € [u,u).
(d) a* is strictly decreasing, and p* strictly increasing, in k (modulo boundary conditions).
The final component is connecting the solutions of E[y,ﬂ) to equilibrium. For each prior
belief g, only a single value for the low type’s payoff is consistent with equilibrium. The result

established in the following Proposition combines the results in Lemmas and with those in
Proposition 3.8 in [Daley and Green, (2014)).

Proposition A.1. In the unique equilibrium, we have that

(a) if po < p*(u), there is some degree of pooling, as the high type issues security F*(u) and the

low type mizes between security F*(u) and selling the entire cash flow, X, with probability

po(l=p* (W) o

o (@ (1=0) (0,1) and the complementary probability, respectively.
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Belief
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(W) X

Face value Face value

(a) B-informative, but positive retention for all priors. (b) S-informative, and zero retention for high priors.

FIGURE A.1: The effect of signal informativeness on (d*(-), u*(+)), depicted as heavy-black curve.
Low type’s indifference curves in dashed-red, high type’s in solid-blue.

(b) if po > p*(u), there is full pooling as both types select the unique security F*(k) such that
w* (k) = po-

Figure [AT] illustrates Proposition as well Proposition [3] for two cases in which scrutiny is
B-informative, but not a-informative. Hence, debt is the equilibrium security design. In Panel (a),
B-informativeness implies pooling, but with positive levels of retention for all priors. That is, for
all g, the high type issues debt with face value d < d < Z. Panel (b) increases the informativeness
of scrutiny such that the criterion in Proposition [3] is satisfied, and the seller efficiently sells her

entire cash flow for high priors.

B Proofs for Baseline Model

B.1 Preliminaries and Definitions

Fact B.1. For anyt € {L,H} and F € F\{0},
1. E[F|H] > E[F|L].
2. w(F, p) is strictly increasing in p.
3. There exists unique d,a € [0,7] such that E[F|t] = E[FP|t] = E[FA|t).

4. Forn € 0,1], let F" = (1 —n)F +nX. Then F" € F, and if F # X, then E[F"|t] and
ug(F", 1) are strictly increasing in 1.
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Fact B.2. In any PBE, u; € [u,u) for anyt € {L,H}.
Lemma B.1. The expected posterior beliefs have the following properties:
1. oy(+) is strictly increasing for any t € {H, L}.
2. apg(p) > ar(p) with the inequality being strict if and only if p ¢ {0,1}.

3. o

w) = ag(p) —ap(p) is continuous and single-peaked.
i

d o
4- dp oy,

—~

D)

m < 0.

=
N

The D1 Refinement

Fix k € [u,u) and F € F, and consider the equation w;(F,u) = k. By Fact , there is at
most one solution for u. If it exists, denote it by b.(F, k)—that is, u,(F,b.(F,k)) = k. Next, let
By(F,k) = {p: w(F,p) > k}. From Fact [B.1|[2), the connection between b; and B; is immediate:
if by(F, k) exists, then By(F,k) = (b:(F, k), 1]. If b (F, k) fails to exist, then either B:(F, k) = [0, 1]
or Bi(F,k) = 0.

In our model, the D1 refinement can be stated as follows. Fix an equilibrium endowing expected
payoffs {ur,ugy}. Consider a security F' that is not in the support of either type’s strategy. If
Br(F,ur) C Bg(F,up), then D1 requires that u(F) = 1 (where C denotes strict inclusion). If
By (F,up) C Br(F,ur), then D1 requires that u(F) = 0.

B.2 Proofs of Lemmas

The lemmas are proved in the following order: Notice that Lemmas and
together subsume Lemma

Proof of Lemma[B.1 Note that

= a S) — S S
o) = [ s ) — )

is bounded, twice continuously differentiable and meets the criteria for exchanging the order of

integration and differentiation by the functional form of the integrand, which has bounded first and
second partial derivatives with respect to p. Thus, result 1 follows inmediately from g f(u, ) being

strictly increasing in p, and result 2 from py(-, s) being weakly increasing in s together with the

MLRP property that Z’L{ ((j)) is weakly increasing in s. For result 3, note that «(0) = a(1) = 0, and
since the signal is informative, a(x) > 0 for all ¢ € (0,1). Thus, it must be that o/(0) > 0 and that

o/(1) < 0. Finally, note that:

L (=B
0= [ G

" _ (1_/8(8)
o) = 2/fu+a—um@

)
)2

))3qL(s)ds
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with o/ (p) < 0 for all p € (0,1). Thus, a(u) is single-peaked in p. Finally, result 4 is established
in Daley and Greenl2014/ (Lemma A.1) and Karlin, 1968, (Chapter 3, Proposition 5.1). O

Proof of Lemma[A.] Recall that the solutions to are identical to the solutions to [M~(k
which we show are characterized by (a)-(d).

Starting with (b), fix & € [u,u) and let {F*, u*} be a solution to [M=(k)l where F* = ¢*(X)
and F* ¢ FP. By Fact , let d be the unique solution to E [F*|L] = E[FP|L], and ¢4(x) =
min{d,z}. Since F* € F, ¢* is non-decreasing and ¢*(z) < z for all . Thus, there exists an
Z € (0,T) such that ¢*(z) < ¢g(x) for all x < Z with strict inequality for a positive measure set of
x < &, and ¢*(x) > ¢q(x) for all z > & with strict inequality for a positive measure set of z > 7.
Next,

E[F* — FP|H] - E[F* — FP|L]

- /0 *(6*(2) — dal@)) (ma () — mu(@))de

xT

~ [ = bl mae) — maede + [ (6°(0) — a0 (o) — mu )
- [(6@ - suto) (““"’” - 1) mue)de+ [ (6°(e) — oute) (”H(l’) - 1) o (2)d

mr(z) L (2)

= [ @~ outen () s + [ (00) ~ outo) (242 ) my (o)

L (x) 7 mr(x)
> [0 - oute) (2 ) ey + [ (60 - outo) (242 ) o)
~(Z2) [t - sutehmutorts = (258 (517121 - BIEPIL) =

where the last inequality follows from MLRP: ™&) — max T anq that &) = mpip Tz

mL(Z) a<z L(@) mL(Z) >z *L(@)
Thus, the last inequality results from maximizing the weights assigned to the negative points and
minimize the weights assigned to the positive ones.

It follows that E [FP|H| — E [FP|L] < E[F*|H] — E[F*|L], and
ur(FP,i*) = ar () (B[FP|H] = E[FP|L]) + (1 = )E[F|L] + 6E[X|L] < k.

Since ur,(F C{j , 1/*) is continuous and increasing in d, there exists security F é:,) e FP, with d' > d,
such that up(FP, u*) = k, satisfying the constraint for Further, because E[FP|L] >
E[FP|L] = E[F*|L] and ur(F?,p*) = k = up(F*, u*), it must be that E[F?|H] — E[FP|L] <
E[F*|H]| — E[F*|L]. But then the objective in attains a higher value at {FZ, 4*} than at
{F*, i*} since a(u*) — 6 < 0. This contradicts that {F™*, u*} solves Hence, any solution to

must be a debt security.
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To establish (a), we show that there is a unique solution to the following re-statement of

max vP(d, ) st BP(dp) =k
M

where

oP(d, 1) = (alp) - 6) (E[min{d, X }|H] — E[min{d, X}|L])
hP(d, p) = oz (1) (Elmin{d, X }|H] — E[min{d, X}|L]) + (1 — §)E[min{d, X}|L] + SE[X|L].

Define 4(k) to be the unique solution to ur (X, ue(k)) = k. Since X = FP and ur(FP,u) is
increasing in both d and p, any {d, u} that satisfies the constraint inmust have pu € [pe(k), 1].

Let us look first for a solution, {d*,u*, A\*}, with interior u* € (ue(k),1), where \ denotes
the multiplier on the constraint. Such a solution is characterized by the first-order conditions

(second-order conditions are verified at the end of this proof):
(o (1) = A () (Blmin {d, X}|H] — Efmin{d, X} [L]) =0 (FOC-p)

(o () — 6 — Aar, (1)) /d (my () — 71 (2)) daz — A (1 — 0) /; () da = 0 (FOC-d)

In any solution, d* > 0, as ur,(FP,u) = §E[X|L] < u < k, in violation of the constraint. From
Fact |B.1 ] , the second term in the LHS of [FOC-yis positive, and thus \* = ooj,;((‘:b **)). The second
condition, [FOC-d, requires A* < 0, since a(p) —d < 0 for all p. Thus, o/ (u*) < 0 which implies
p* € [f1,1] (Lemma [B.1}(3)). Combining these two conditions, we obtain the system of equations

that determines {d*, u*}:

1= (B.1)

hP(d*, pu*) = k. (B.2)

Let dy : p — dj (u) denote the mapping from beliefs to debt levels implied by and d :
p > d5 (p) denote the mapping implied by . First, note that d; (-) is continuous and strictly
increasing in p since the LHS of is strictly increasing in d* due to hazard rate dominance
(implied by MLRP), and the RHS of is strictly increasing in p when a(p) — 6 < 0:

d 1-6 a(p)—06
RS = L 2 (L5 ol 1 0 1) = g ) (1)) > 0.
((a () = 0) 252 — ey (1) :
since %Z;Z(%) < 0 from Lemma [B.1{(4).

Second, d (+) is continuous and strictly decreasing in y for all k since o} (-) > 0 (Lemma ( 1)).
Therefore, there is at most one pair {d*(k), u*(k)} such that di(u*(k)) = d5(u*(k)) = d*(k) (ie.,
solves (B.1) and (B.2)). If this pair exits, it is then the unique solution to If it fails to
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exists, the unique solution to [M* (k)| is a boundary solution. In this case: (i) if di(1) < d5(1) the
unique solution is {d*(k), u*(k)} = {d5(1) = d(k),1}; and (i7) if instead di(1) > d5(1), then given
there is no intersection, di(ue(k)) > d5(ue(k)) as well, and the unique solution is {d*(k), u*(k)} =
{7, ()}

Next, (c) is a matter of direct calculation. For any k& € [u,u), p*(k) < 1 if and only if
d1(1) > d&(1) = d(k). This holds if and only if

1-Ta (k) | _ (3/;((11))) S : (B.3)
LI @E) a0 - (20 ar(1)

By straightforward calculations «(1) = 0, ar(1) = 1, o4(1) = E[B(S)]|t], and E[B(S)|H] = 1. So

becomes
(1 -1y (d(k))) — 6 (1 =TI (d(k))) _ 6 (Hr(d(k)) — Iy (d(k)))

E[B(S)|L] > 1 g (dk) —0(1—Tg dK) (1 —06)(1— Hu(dk))) h

Finally, for (d), note that changes in k& do not impact the mapping d;(-). For any two k, k" > 0
such that k' > k we have that d¥ (u*(k)) > d5(u*(k)) = di(u*(k)). Since we have shown that
di(+) is strictly increasing, it must be that (modulo boundary solutions) p*(k') > p*(k) and thus
d*(k') > d*(k). Finally, both u*(k) and d*(k) are continuous in k since d; and d5 are continuous
in p and k.

Verifying Second-Order Conditions. We now verify that the solution given by the first-order condi-
tions — is, in fact, a solution to We verify that the determinant of the Bordered

Hessian is negative at our interior critical point:

0 A hf
BH = | h? L4y Lg,
h;? Lud Ly

where L(d, 1) = vP(d, p) — X (RP(d, ) — k).

WD — oy (u*)/f (e () — 71 (2)) d + (1 —5)/257@ (z) dz >0
d? = of, () [E[min {d*, X} |H] — E[min {d*, X} |L]] >0
Lag = —[(a (") = 0 = Nap, (")) (mp (&) = 71, (7)) = A" (1 = 8) (")) <0
Ly = (" (") — X (1*)) [E[min {fl*, X}|H] — E[min {d*, X} | L]] <0
Ldu = Lud = (a/(“*) — )\*O/L (“*)) /f (7TH (:L') — T (:L‘)) dx =0

Where Lgg < 0 since hazard rate dominance implies 11:%5 ((;l)) > 7;21 ((g)) which combined with the

A6



FOC implies:
g (d¥) 1< A (1=9)

T (d) () -6 Aag (1)
(a () = 6 = Nag (u)) (mr (d) = 71 (d7)) = 7, (&) X (1= 6) > 0

where the inequality changes sign since (o (p*) — 3 — Moy (1*)) < 0. Finally, L, (©*,d*,\*) <0

since % (317((5)) ) < 0. A sufficient condition for our solution to be a local maximum is that the
L

bordered Hessian is negative definite. That is, |BH;| < 0 and |BH2| > 0. It is easy to see that

|BH;| = —(h})? < 0 and that |BH| = — (h})* L, — (h2)? Laa > 0. O

Proof of Lemma[A.J Recall that the solutions to are identical to the solutions to M~ (k
which we show are characterized by (a)-(d). Lemma and a-informativeness imply that there
are exactly two solutions to a(u) = ¢, which we denote y, fz, and that p < i < fi. For all p € (u, i),
a(p) > 6, and for all p & [p, f1], a(p) < 6. As in the proof of Lemma define py(k) to be the
unique solution to ur, (X, ue(k)) = k. Because, for any p and F # X, ur (X, pu) > ur(F, p), and ug,
is increasing p, any {F, u} that satisfies the constraint in must have p € [ue(k), 1].
Case 1: (k) € [0, 7).
First, in any solution it must be that p*(k) € (u, ). To see this, recall that E[F|H] — E[F|L] >0
for any F' € F (Fact ) Hence, if 1 & (p, i), then the objective in is weakly negative.
However, the objective can attain positive value. For example, select arbitrary p € (ue(k), ) and
let v > 0 solve ur,(vX, u) = k (it is straightforward to show such a v always exists, and is positive).
Then,

(a(u) - 8)(Bl(vX|H] - EwX|L]) > 0.

~—
>0 >0

Because any solution must do at least this well, x*(k) € (p, ), and a(p*(k)) — 6 > 0. Notice that
this establishes claim (c) of the lemma.

To establish (b), fix k € [u,w) and let {F*, u*} be a solution to [M~(k), where F* = ¢*(X)
and F* ¢ FA. By Fact , let a be the unique solution to E [F*|L] = E[FA|L], and ¢,(z) =
max {0,z — a}. Since F* € F, ¢*(x) — x is non-decreasing and ¢*(z) > 0 for all . Thus, there
exists an & € (0,7) such that ¢*(x) > ¢q(x) for all x < & with strict inequality for a positive
measure set of x < Z, and ¢*(x) < ¢q(z) for all x > F with strict inequality for a positive measure
set of > Z. From here the calculations run analogously to those in the proof of Lemma (b),
to show that E [F|H| — E [F{|L] > E[F*|H] — E [F*|L], and

ug(F 1) = ag (u) (EIFA|H] - BIEAL]) + (1 - 8)E[FA|L] + 6E[X|L] > k.

Since u L(FC;4 w*) is continuous and decreasing in a, there exists F, ;,‘ e FA, with o’ > a, such that
ur,(F, p*) = k, satisfying the constraint for Further, because E[F}|L] < E[FA|L] =
E[F*|L) and ur(F4, u*) = k = up(F*,p*), it must be that E[F}|H] — E[F4|L] > E[F*|H] —
E[F*|L]. But then the objective in attains a higher value at {F-}, u*} than at {F*, p*}
since a(p*) — ¢ > 0. This contradicts that {F*, u*} solves Hence, any solution to
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must be a levered equity security.
To establish (a), we show that there is a unique solution to the following re-statement of

max v (a,p) st hA(a,p) =k,

a,i

where

vA(a, 1) = (a(p) — 6) (E[max{0, X — a}|H] — E[max{0, X — a}|L]),
h(a, 1) = ap(p) (E[max{0, X — a}|H] — E[max{0, X — a}|L)])
+ (1 = 0)E[max{0, X —a}|L] + 0E[X|L].

Again, the constraint implies that in any solution p* > ue(k), and we have already established that
w € (p ).

Let us look first for a solution, {a*, u*, \*}, with interior p* € (ue(k), 1), where A denotes the
multiplier on the constraint. Such a solution is characterized by the following first-order conditions

(second-order conditions are verified at the end of this proof):
(o (1) — Aol (1) (E[max{0, X — a}|H] — Elmax{0,X —a}|L]) =0 (FOC-p)

() — 5 — A (1)) / (m (2) — 7y (2)) dz + A (1 — 0) / () da = 0. (FOC-a)

In any solution, a* < 7, as ur(0,u) = E[X|L] < u < k, in violation of the constraint. From

Fact (E then, the second term in the LHS of [FOC-yf is positive, and A\* = 2‘,/((’;?). The second
L

condition, FOC—a|, requires A\* > 0 because we have already established that u* € (u, ), meaning

a(p*) — 6 > 0. Thus, o (¢*) > 0 which implies p* < fi. Combining the two conditions, we obtain

the following system of equations that determines {a*, u*}:

1-Ug(a) . _ id
A ——— (B.4)
1= (a7) (o () — 6) ) — oy ()

hA((I*,/L*) = k. (B5)

Let a; : pu +— a; () denote the mapping from beliefs to residual debt levels implied by
and a¥ : u +— a5 (1) denote the mapping implied by . First, note that a; () is continuous
and strictly decreasing in 4 € (,fz) since the LHS of (B.4) is strictly increasing in a due to
hazard rate dominance (implied by MLRP), whereas the RHS of is strictly decreasing in p
when a(p) — 6 > 0, as shown in the proof of Lemma (a). Second, af (+) is strictly increasing
in g for all k since o/ (-) > 0. Therefore, there is at most one pair {a*(k),*(k)} such that
ar(u*(k)) = as(u*(k)) = a*(k) (i.e., solves and ) If this pair exits, it is then the
unique solution to If it fails to exists, the unique solution to is a boundary solution:
w*(k) € {me(k),1}. Since we established at the outset that 4* (k) € (u, fi), if the solution is boundary
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it must be that p*(k) = ue(k) and (by definition of p(k)) a*(k) =0 (i.e., F*(k) = X).

Finally, The argument for (d) is analogous to that provided for Lemma [A.1|(d).
Case 2: pe(k) € [, 1).
To begin, let uy(k) = 1. We claim that {F*, p*} = {X, uy(k)} is the unique solution to To
see this, note that it is feasible (by definition of uy(k)) and produces a value of 0 for the objective
since (@) = 0. Consider now any other candidate {F,u}. First, if u = uy(k) but F # X, then
ur,(Fy pe(k)) < ur (X, ue(k)) = k, in violation of the problem’s constraint. Second, if F' = 0, then
for any p, up(0,u) = dE[X|L] < u < k, also in violation of the constraint. The only remaining
possibility is that F' # 0 and p # pe(k). In order to satisfy the constraint, it must be that
w € (ue(k),1] = (@, 1]. But then the objective attains a negative value, establishing the claim.
Notice that X € F4n FP.

Now let pg(k) be arbitrary in [fr, 1], and consider the restricted version of in which only

debt securities can be offered:

maxug (Fy, )

’ (Mg(k))

st.oup(FP, u) =k
For this problem, claims (a), (c), and (d) of Lemma[A.I|remain true (whereas (b) is simply assumed).
Because X = FP ¢ FP| for k such that u,(k) = 7 the unrestricted solution is feasible in the
restricted problem, so it must remain the solution in the restricted problem. Lemma [A.1(d) then
implies that, in d*(k) =T for all k > k as well. Note that k > k is equivalent to (k) > 7.
Thus we have that if ug(k) > @, the optimal debt security to offer has face value d* = =.

Turing back now to the unrestricted problem for any us(k) > T, since any feasible u
is in [ue(k), 1], a(p) — 6 < 0 for all feasible p. The same argument given for Lemma implies
that any solution must be a debt security. So restricting to debt securities is without loss, and
the solution to is the same as the solution to which is {F*(k), p*(k)} = {X, ne(k)}.
Claims (a)-(d) follow immediately.

Verifying Second-Order Conditions. We now verify that the solution given by the first-order condi-
tions — is, in fact, a solution to We verify that the determinant of the Bordered

Hessian is negative at our interior critical point:

0 nt hni
BH = | h? Lay La,
hit Lya Ly
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where L(a, p) = v4(a, p) — A (h4(a, p) — k).

- (M*)/jo (7g (x) — 7 (x)) dz — (1 = 6) /oo 7r, () dx <0
hﬁ = o (1*) [E[max {0, X — a*} |H] — Elmax {0, X —a*} |L]] >0
Laa = (o (") =0 = XNag (u") ) (7 (a) — 7p (@) + X" (1 = ) mp, (a*) <0
Ly = (" (p*) = Xaf (1*)) [E[max {0, X — a*} |H] — E[[max {0, X — a*}|L]] <0
Loy = Lya = — (o (1) — Ay (%)) / (ry (2) — 71, (2)) da =0

Where L,, < 0 since hazard rate dominance implies ll:gL (g) > (Z) which combined with the
FOC implies:

7TH(CL*)_1< A*(1=9)
1 (a*) o (p*) =6 — Moy (1)
(0 (%) — 8 — Nau, (5) (mi () — w1 (%)) — 7, (d) X* (1= 6) < 0
Finally, Ly, (©*,a*,A*) < 0 since % <z/5{((5)) ) < 0. A sufficient condition for our solution to be a
L
local maximum is that the bordered Hessian is negative definite. That is, |BH;| < 0 and |BH3| > 0.
It is easy to see that |BH;| = —(h2)? < 0 and that |BHs| = — (haA)2 L, — (h/‘:‘)2 Laq > 0. O

Proof of Lemma . Fix an equilibrium with arbitrary ug = a4y and up = k € [u,w). Let S,
be the support of the type t’s strategy. Since the low type has the option to choose the same
security as the high type, ur(F,u(F)) < k for all F € Sy. Fix now F' € Sy and suppose that
ur,(F,u(F)) < k. Then F' ¢ Sp, so u(F) =1 =by(F,ay) and Br(F,k) = (. Further, it must be
that F' # X since ur(X,1) = w > k. Then for n € (0,1) small enough by (F",4g) € (0,1) and
BL(F" k) = 0. Therefore, F" ¢ Sy, and p(F") = 1 (by belief consistency if F7 € Sy, by D1 if
not). Since uy (F",1) > ug(F,1) = G, the high type would gain by deviating to F", breaking the
equilibrium. Therefore, ur,(F, u(F)) = k, or equivalently pu(F') = br(F, k), for all F' € Sy.
Suppose now there exists F' € Sy such that F' # F*(k). Then

ur (F, p(F)) = up (F, by (Fy k) < up (F7(F), 0" (k) = wm (F (k), bp (F7 (k), k),

and thus by (F*(k),ag) < p*(k) = bp(F*(k), k). D1 then implies that pu(F*(k)) = 1, meaning that
deviating to F*(k) is profitable for the high type and breaking the equilibrium. Hence, if the low
type’s equilibrium payoff is k, then Sy = {F*(k)} and p(F*(k)) = p* (k). O

Proof of Lemmal3 First, generalize the notion of -informativeness to “S-informativeness at 2” by

replacing d“¢ with arbitrary = € [0,Z] in Definition 4, See now that S-informativeness at 2 implies

1 (z) -1 p (z)

B-informativeness at all ' < z, but not the converse. The statement holds because =TT (2) is
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nondecreasing in x, as taking the derivative yields

(1 =g (x))rr(x) — (1 =g (@))mm(x)
(Mg (x) —1)?

— (1 -Ig(x)rp(x) — (1 =1g(z))mg(x) >0 <~

>0

() ()
[ Tp(2) = 1—Tn(x)’

where the last inequality is the definition of hazard rate dominance, which holds due to MLRP.

Now suppose that scrutiny is a-informative. Then, from the proof of Lemma [A2] there exists
k such that F*(k) = X and p*(k) = pe(k) < 1 for all k > k. Consider now the restricted version
of in which only debt securities can be offered:

max uz (FP, 1)
e (Ma(k))
s.t.ur(FP, u) = k.

For this problem, claims (a), (c), and (d) of Lemma[A.I|remain true (whereas (b) is simply assumed).
Because X € FP, for all k > k the unrestricted solution is feasible in the restricted problem, so
it must remain the solution in the restricted problem. From Lemma (d), then, in
1 (k) < pe(k) < 1 for all k < k. Lemma (d) then implies that scrutiny is S-informative for any
value of d*¢ =z € [0, 7).

That the converse does not hold can be shown with a counterexample in which scrutiny is
B-informative at all = € [0, 7], but not a-informative. Let the signal be binary and symmetric (see
footnote @: S e {l,h} and Pr(S = hlt = H) =Pr(S =1t = L) = p € (3,1). A sufficient condition
for S-informativeness at any z is

E[B(S)|L] g

EBS)H 710

which, using E[B(S)|H] = 1, is equivalent to

EBES)IL -1 (1-2p)

EGSIL ~1-3p-p) "

Next, a-informativeness requires «(fi) > 0. For binary-symmetric signals, 1 = % for all p, and the

requirement is a(3) = (1 — 2p)? > 4. Since, for all p € (0,1),

(1-2p)°
0<(1-2p)?2< —F <1,
( S 3p(1 —p)
B-informativeness holds for all z, while a-informativeness fails, when § € ((1 —2p)?, %),
producing the counterexample. O
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B.3 Proofs of Propositions

Proof of Proposition [l No scrutiny means that scrutiny is not S-informative at any x. Hence, by
Lemma [A1]c), p*(k) = 1 and d*(k) = d(k) for all k € [u,u). The proposition then follows directly
from Proposition [A-1] O

Proof of Proposition[A.1 From Lemmas and [A.2| we have that F*(k) and p*(k) are unique for
all k € [u,w). Let Sy be the support of the type t’s strategy. In the proposed unique equilibrium,
the high type plays a pure strategy, denoted it Fp, so Sy = {Fg}, and S C {X,Fy}. For
completeness, we must specify the off-path beliefs: p(F) =0 for all F' # Fp.

Verifying that the proposed profile is a PBE is straightforward. To see that it satisfies D1, fix a
1o and consider the proposition’s unique equilibrium candidate. Denote the high type’s equilibrium
payoff 4y and low type’s equilibrium payoff k, so Fy = F*(k). Let F be an arbitrary security in F
such that F' # F*(k). First, if Br(F, k) = [0, 1], then the low type could deviate to F' and obtain
a payoff strictly greater than k, regardless of u(F'), breaking the PBE. Hence, either by (F, k) €
[0,1] exits or ur(F,1) < k. If bp(F, k) exits, then since {F*(k),u*(k)} is the unique solution to
M (k)L ug (F, b (Fy k) < ug(F*(k), p*(k)) = ag. By Fact then, by (F,up) > br(F, k) (or
By (F,upg) = 0) implying By (F,um) C Br(F,k). So, u(F) = 0 is consistent with D1. If instead
ur(F,1) < k (so BL(F,k) = (), then there exists unique n € (0,1) such that uy(F"7,1) = k. Since
{F*(k), p*(k)} solves M(k) wp (F*(k), p*(k)) > up(F",1) > uy(F,1). Hence, By(F,tiy) = 0 as
well, and D1 places no restriction on pu(F).

We now establish uniqueness. By Lemma [1} if the low type’s equilibrium payoff is k, then
Sy = {F*(k)} and p(F*(k)) = wp*(k). Further, if the low type selects F' ¢ Sy U {X}, then
w(F) = 0, and ur(F,0) < up(X,0) < up(X, (X)) for any value of p(X). She could therefore
profitably deviate to X. Hence, Sp, C Sy U{X}.

The final step is to characterize which values of uy, = k are consistent with equilibrium, which
depends on the prior, po. Recall from Lemmas [A.1(d) and [A.2(d) that p* is continuous and
strictly increasing in k. First, let uop < p*(u), and let uy, = k. Therefore, Sy = {F*(k)} and
w(F*(k)) = p*(k) > po. For this belief to be consistent with seller strategies, Sp # {F*(k)}.
Hence, S;, = {F*(k), X} and k = u. The precise mixing probabilities given in the proposition are
required for the Bayesian consistency: pu(F*(u)) = p*(w).

Second, let p9 > p*(u). Hence, there exists unique kg € [u,w) such that p*(ko) = po. Suppose
that uy, = k > ko. Then Sy = {F*(k)} and u(F*(k)) = p*(k) > p*(ko) = po. But then for
this belief to be consistent with seller strategies, S, # {F*(k)}. Hence, S;, = {F*(k), X} and
k = w, which contradicts k > kq. Suppose instead that u;, = k < ko. Then Sy = {F*(k)} and
w(F*(k)) = p*(k) < p*(ko) = po. But then pu(F) < po for all F' on the equilibrium path, which
violates belief consistency. Hence, k = ko, and Sy = Sp, = {F*(ko)}, exactly as given in the

proposition. ]

Proof of Proposition[3. The result is a direct implications of the properties established in Lemmas

and and Proposition =
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Proof of Proposition[3. First, consider the case when scrutiny is S- but not a-informative. Using
the proof of Lemma, (a) and the equilibrium characterization in Proposition it is sufficient
to show that dy (ju¢(k)) > d5(1ue(k)) for all k such that (k) is sufficiently close to 1. Recalling that
d5(ue(k)) satisfies UL(Fﬁ , 1e(k)) = k, it follows that d5(u,(k)) = T by definition of (k). For

5 (e (k)
any k € [u, ), di(pe(k)) > T if and only if

o) \ (g _
LTy (@) | (&tey) 1 =9)

T=TL@) T alu() 0 — (G900 ap(u(k)

Because the RHS is continuous in p, we can take the limit as pg(k) — 1, at which point the
calculations are analogous to those in the proof of Lemma (c), establishing the result.

Finally, consider the case when scrutiny is a-informative. First, for any k € [u, @), in order to
satisfy the constraint in a*(k) = 0 if and only if p*(k) = pe(k). Second, the proof of Lemma
establishes that, for all k € [u,w), if p*(k) # pe(k) then p*(k) < o and that a* is continuous
and decreasing in k. Hence, there exists k such that {a*(k), u*(k)} = {0, jue(k)} for all k& > k, and

that pe(k) < fi. The proposition then follows from the equilibrium characterization in Proposition

ATl O

B.4 Proof of Theorem [

Proof of Theorem [ The result is a direct implications of the properties established in Lemmas

and and Proposition =

C Proofs for Model Extensions

C.1 Proofs for Section [6.1]

Lemma C.1. A solution toM%,(k)| exists for all k € [u,w). Moreover, any solution, (F*(k), u*(k)),

is either

1. F*(k) = min{d, X} for some d € (0,z], p*(k) > 3 and X\*(k) <0 or

2. F*(k) = max{0,X —a} for some a € [0,z), 0 < p*(k) < 5 and X*(k) > 0,
where \*(k) is the multiplier on the constraint in Mg, (k)|

Proof. We begin by ruling out two trivial candidates. First, if 4 = 0 then ur(F,0) = k > u if and
only if F = X and k = u. However, since F' = X maximizes A and p = 0 minimizes o — § < 0,
setting (F, u) = (X,0) minimizes V subject to k = u, so is not the solution to for any k.
Second, note that the security, FF =0 = FOD = F{‘ is never a solution to as urp(0,p) < k
for all p and k € [u,w).
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As a feasible security F' > 0 consists of a payment ¢(z) to be made after the realization of
cash flow x, we re-state problem [M%,, (k)| as one in which the contingent ¢(x) is optimally chosen,
subject to the feasibility constraints implied by F' € F.

max (a(Ap,p) —96) - Ap (C.1)
({o@)}pepo,2)2)

subject to, for all x € [0, Z]:

k= ap(Ap, u)Ap + (1 — §)E[F|L] + 6E[X|L]

0<¢(x)

x> ¢ ()

0< i (& +0) — ¢(2)
0o—0 (0]

> i 22 +0) —¢(2)
o—0 (0]

Omitting the dependence on k, let A be the multiplier on the first constraint. It is convenient to
scale the z-contingent multipliers on the remaining four (feasibility) constraints by =z (x): writing
them as (7 (z) - £2), for n = 1,2, 3,4 respectively.

As in the baseline model, the solution to the above problem can be characterized by its first-

order conditions. For the FOC on u, we have

Oa (AF,p) _\Oar (A, p)
ou ou

) ar 01— 2ellrn (o

= Do, (Br,p) JOn (C2)

Using that % =7y (x) — 7p (x), we take the first-order condition for each contingent payment
¢(x) and divide by 7 (x) to derive

(53 arves-m) (23

£3_ 4 53
AA -4l -2t T gy el gy ()
0]

o—0 (0] o—0

Note that both the problem’s objective and its first constraint are linear in contingent payment

¢(x) for all z. For any given solution candidate, (F™*, u*), let A\* = % and

K\ dax (AF*MU'*) * « [Oar (AF*7/’[’*) *
To(F*, ) = X" (1-9).
So, the FOC in ((C.3|) can be re-written:
7TH(:L')_ B 12 71 Ei—fﬁ : ei—o_ei—o_
Ty (F, ) (WL - 1) T (Fop) 0~ 6~ tim = e Tl g o
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As the marginal gain of increasing the security’s payment in realization z is a constant, it
is immediate that, generically, at least one feasibility constraint will bind. To understand which
feasibility constraint binds, we proceed as follows. Given a solution (F*,p*), by MLRP of cash
flows, it follows that there is at most one z-value, & € [0, z], for which the the marginal benefit of
increasing ¢ is zero (i.e., holds and feasibility constraints do not bind):

1 () (24 1) = T () =
L (2)
Thus, the above expression is positive or negative for all x # Z. If the expression is positive
(negative) for all = € [0, Z], then assign & > Z (respectively, & < 0). Therefore, if Ty (F*, u*) > 0,
then

sign <T1 (F*, u*) (“H (z) _ 1> T (F*,M‘)) = sign(z — 7).

7 ()
This implies (i) that ¢ (z) = 0 and £1 > 0,2 = (3 = (1 = 0, for all x < &; and (ii) that ¢ (v) = 2—%
and ¢4 > 0,01 = (2 = ¢3 =0, for all x > 2. Thus, in this case [’* must be a levered-equity security:
F*=¢(X) =max{0,X — 2}. An analogous argument establishes that if 77 (F*, u*) < 0, then F™*
must be a debt security: F* = ¢ (X) = min {z, X}.

If Th(F*,p*) = 0 and To(F*, u*) < (>)0, then it is immediate that F* = X (F* = 0), as
the marginal benefit from increasing ¢(x) is strictly positive (negative) for all . Note that both
solutions are special cases of debt and levered equity. If instead To(F™, u*) = 0, then A* = 0 and
p* = L. In this case, Ty (F*, u*) = 0 if and only if 22EEMIN L 4 o (F*, p*) — § = 0. That
is, the derivative of the objective of with respect to Ap is zero. But by Assumption (a)
this derivative can be zero only at the minimum of the objective (constrained to p* = %), which
cannot be a solution to the Thus, we conclude that if 77 (F™*, u*) = 0, it must be that
Ty(F*, 1) #0.

Having established that any solution to must involve either a debt or a levered-equity
contract, we turn to the claims regarding p* and A*. To do so, first consider the constrained

problem, in which only levered-equity securities are permitted (recall F4 = max {0, X — a}),

max (a(AFA, W) — 5) Apa (C.5)
a, i a a

st. k=oar(Apa, p)Apa+ (1—0)E [FL] +0E[X|L].

For any k, a solution exists since the problem is continuous and the set of (a, u)-pairs satisfying the
constraint is compact. Let (a*, u*) be a solution. First suppose that T} (Fﬁ,u*) #0and p* <1,

meaning (a*, ©*) must satisfy first-order conditions:
[ (a) = g (a*) _ A" (1=9)

1 — 1 (a*) Ty (FA, p*)

k—0E[X|L] = ap(Apa,u*)Apa + (1 —6) E [Ff

a

L. (C.7)
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The relevant case is when (F2, %) also solves|Mg, (k)| which from above implies that T} (F:, %) >
0. Because both the LHS of (C.6) and (1 —0) are always weakly positive, this implies that \* > 0.
Finally, recall that

V= do (F2, i) /op

dar, (F, p*) /o
Second, suppose that T (F;i, u*) = 0. Above, we established that if T7(F*, u*) = 0 for any
solution to then F* = X, which always satisfies either claims 1 or 2 of the lemma. Finally,
suppose that the solution to involves pu* = 1. Then A* < 0, which implies that also that
Ty (Fﬁ,u*) < 0, meaning that the solution to [Mgp,(k)|is not levered equity. This establishes the

>0 << ' <

DN |

lemma’s claims regarding levered-equity solutions. An analogous argument establishes the lemma’s

claims regarding debt solutions. O

Lemma C.2. For each p, there exists k € [u,u| such that any solution to M2, (k)| involves a debt
security for all k < l%, and any solution to MA (k)| involves a levered-equity security for all for
k> k.

Proof. By Lemma any solution to involves an F'* that is either a debt or a levered-
equity security. In addition, any instances in which F* = X have no effect on the claim in the
lemma, so we focus on debt solutions with d* < z and levered-equity solutions with a* > 0 for the
remainder. We proceed to show the existence of a unique threshold k. First, suppose all solutions
to are levered equity solutions, and consider one of them: F* = F ﬁ. Then,

A > 0. (C.8)

To see this, recall that by Assumption (a), for all € (0,1), there exists a unique A(u) such that
W < 0if and only if A < A(u) Moreover, there always exists F7 that, together with u*, also
satisfies the constraint and A Fp < Apa . Hence, if the LHS of (C.8) were non-positive at (F, A ),
then V(F, u) < V(EP, ). Now let V*(k) = V(A gy, p*(k)). For levered-equity securities, let
a(k, u) be such that uL(Fﬁk M) = k. So in this case, Vi(k) = VAk) = V(A a (ks (k) 1 (K)).

Consider a marginal increase in k,

dv* dVA 8V<Aa(k,/,b*)’ :U'*) aAa(k: o) dV(Aa(k,y*% :U'*) a,U*

= = ! O C-9

ak ~ dk OA ok T Al ok = (C.9)

where the inequality follows from W > 0 (just established), % > 0 (by Assump-
tion (b)), and %}w = 0 (see first-order condition (C.2])). Thus, no debt solutions arise

by marginally increasing k, as V* and A, marginally increase with k. An analogous argument

establishes that if all solutions involve debt, then it will remain so if k is marginally decreased.
Finally, suppose that there exists a k;,q such that there is both a debt and a levered-equity

solution to Then it must be that V* = V(A% u}) = V(A 1;). As we have shown

that % > 0 while w < 0, it is immediate that after a marginal increase in k, the
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debt solution becomes inferior to the levered equity solution, and all solutions at the higher k£ thus
involve levered equity securities. Combining with the results above, it follows that for all k < k;,q,
the unique solution is given by a debt security while for all k£ > k;,4, the unique solution is given
by a levered equity security.

Thus, for each p, there exists a unique, ke [u, @), such that the solution security form changes
from debt to levered equity. Specifically, k = u when the solution is given by levered equity
securities for all k; k = u when the solution is given by debt securities for all k£, and k = king

otherwise. n

Proof of Theorem[3. From Lemmas [I] and the only equilibrium security forms for the high
type are debt and levered equity. If the low type issues any security that is not in the support of
the high type’s strategy, then her type is revealed. For this to be part of an equilibrium, the low
type must be issuing her entire cash flow, F' = X, which is a special case of debt and levered equity.

For claim (a), we first show that for p large enough, any solution to must be a levered
equity solution. From immediately above, this only entails showing that the solution cannot be a
debt security with d € (0,Z). From the proof of Lemma [C.1} recall that at a debt solution (F*, p*),
it must be that 71 (F*, u*) < 0. Consider now any (F, u) € F x (0,1). Using A(F, pu) = Dol Lp.n)/Op

Oar(Ap,u)/0u
and writing out the expression for T7(F, i), then taking limit as p — oo, we have

Do (A Do, (A
i Ty (F, ) = P A o (B ) — 5 A(F ) (WAFML (Ru)) —1-0>0,

HO'AF =0
»( lim A(F,u) € R).o =0
p—ro0

By continuity of T4, if (F,u) € F x (0,1) solves Mg, (k)| with p large enough, then F' must be a

levered equity-security. Consider instead now any (F,1). Then, ar = ay = 1, and therefore,

Oap(1,Ap)/0u s 1

TEL) = =0 =AM =1=0= 5 0~ o~ E |

qe(5— PAF)’ }

Hence, as in the first case, lim,_oo T1(F, 1) = 1 —0 since lim, o £ [M\L} = 00, establishing
one direction of claim (a): there exists p such that the unique security form is levered-equity for
all p > p. The proof for the analogous direction of claim (b) is symmetric, as for all candidate
solutions (F, p): lim, 0 71 (F, ) = —d < 0.

Next, we use Lemma and make the dependence of k on p explicit. The argument above
established that k(p) = u (respectively, k(p) = @) for all p > p (respectively, p < p). It is also
immediate, by the continuity of V(F, u) in p, that p < p.

To prove the other direction of claim (a), we will show that if p < p, then debt is an equilibrium
security form. Recall from the proof of Lemmathat debt solutions correspond to w < 0.
It is easy to check that, for all u*, % >0 (w1th strict inequality for p € (0,1)). Hence,
by the same arguments used in the proof of Lemma k is decreasing in p. It follows that for
all p < p there exists at least some k € [u,u) with solution F*(k) that is a debt security. Linking
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back to equilibrium, recall that for any k£ and solution (F*(k), u*(k)), full pooling on F*(k) is an
equilibrium when the prior is ug = p*(k), establishing the result. The argument is analogous for

why levered equity is an equilibrium security form when p > p. O

Proof of Proposition[f Because k is fixed throughout, we do not write the dependence on k for
this proof. First, suppose that F¢, = min{d¢, X} for some d§, < z. As F§, is a debt contract,
from the Proof of Lemma we know that: (i) interior debt level d§, is given by the following
first-order condition (analogous to , but for a debt solution):

r (dgp) — U (dgp) _ Asp(L—9)
110 (d5p) Tv(F5ps 1sp)

(C.10)

where y%, > 3 is pinned down by the binding constraint up,(F, Cg D,,ug p) =k, and X§, < 0 is then
from (C.2), and (ii) T1(F%p, p&p) < 0.

Dt (Djg ) iip ) /00
dar, (D i ) /00

Moreover, using that A\, = we have,

Ty(Fép, wsp) = o (Apz, wsp) — 6 — Mspar (Arz, )

o (Arsy #sp)  Oan (Db, Hsp) /Op Oar (Arg, 1sp)
0A dar, (A}SD,MED) e 0A

) Apsy  (C1)

>0

where the inequality is because ap increases, while «ay decreases, in A for all u € (0,1), and
both increase in p for all A. Combining this inequality with T1(F§,, n,) < 0, we have that
oA, ) — 3 < 0.

Next we show that O‘(AFED’ ) < & for all pu. Suppose not, then because a is maximized at
W= % for fixed A, we have a(Apz , %) > §. Then, the objective of is improved by moving
to (F§p,3), but because 3 < php, ur(Fsp,3) < k. By Assumption (b), to compensate the low
type for decreasing p, we can increase the debt level to d’ > d%,, such that ur(d, %) = k. But

Ag > Agy , which implies that a(AFdz/), 3) > a(AFz, 1)), and the objective in [M%, (k)| improves
even further. Hence, (FF, 1) is a feasible candidate to M%), (k)| that does better than the solution
(Fép, Wép), a contradiction.

Turning now to the baseline model with security independent scrutiny determined as in the

statement of the proposition, we have a}?*¢ (1) = a;(A Fz,» 1), which is not a-informative. By

Theorem [l F* must be a debt contract. In addition, the FOC for a solution with interior debt

level d* is: y . %
Mg (d%) g (d°) _ AT (1-9) , (C.12)
1—Tip (d) a (. Af, p*) =6 = Mag (A%, i)

Let us try setting d* = d§p. As now the constraint is the same as with security-dependent scrutiny,
it must be that p* = p%p, and thus A* = \gp. But then, the only difference between and
is the positive term in , so dgp is not the solution in the baseline model. As the LHS
is increasing in d (see proof of Lemma , it follows that d* < dgp.
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Suppose instead that F&,(k) = max{X — a%p,0} for some ag, > 0. As F§j) is a levered-
equity contract, we know that (i) \gp > 0, and (ii) 71 (F&p, u&p) > 0. However, now the sign
of a(Arz, . tsp) — 0 — Aspar(Aps,, usp) cannot be determined. There are (generically) two

possibilities:

1. If a(A Fipr HS p) — 0 >0, then the scrutiny in the baseline model is a-informative, and F* is

a levered-equity security.

2. If a(Apz,,psp) — 0 < 0, then the scrutiny in the baseline model is not a-informative, and

F™* is a debt security.

If the first case is true, then an analogous argument to that used in the debt case (above) comparing

the first-order conditions in both problems shows that a* > agp. O

Proof of Proposition[5. First, by the same arguments used in the proof of Proposition i) for
any solution (F*(u), u*(u)), if po < p*(u), then there exists a partial pooling equilibrium in which
S ={F*(w)} and S, = {F*(u), X} if p*(u) < 1 or the LCSE is an equilibrium if p*(u) = 1; and
i7) for any k and solution (F*(k),u*(k)), if po = p*(k), then there exists a full pooling equilibrium
in which Sy = S = {F*(k)}.

Next, combining p € (p, p) with Lemmas and has the following implications. First, for
all k < k all solutions to involve debt with d*(k) < z. Moreover, from the proof of Lemma
any solution involving debt with d*(k) < Z has p*(k) > 1, establishing the first bulleted claim.
Second, there exists k > k with solutions to that involve levered equity with a*(k) > 0
and p*(k) < 3. Third, letting k=ur(X, 3), it must be that F*(k) = X in the unique solution to
M%, (k)| for all k > k > k. For this third implication, by Assumption (b), for k > k, any (F, ) for
which up (F, u) = k will involve p > % For such k the only way to simultaneously satisfy Lemma
and when p € (p, p), is for F*(k) = X. The existence of pt < p? follows from the continuity

of the levered-equity solution. O

Proof of Proposition [ As in earlier proofs, we let V*(k) be the optimum value attained in
By Lemmall] in any equilibrium with low-type payoff uz, = k, the high type’s payoff is uy = V*(k).
Hence the Pareto ranking of any two equilibria follows if V* is increasing in k, which we now
establish. Recall that F" = (1 —n)F +nX € F, and notice that Ap» is increasing in n. Similarly,
let ©" = (1 —n)p + n. For both types, u,(F", u") is increasing in both n (where uj, increasing in
the F"-term is by b)) Now let ur (Fi, 1) = k1 and ug (Fi, p1) = V*(k1). By continuity of up,
for any ko > ki, there exists > 0 such that ug(F}, u]) = ka. So we have V*(ka) > upy (F)', u]) >
wg (F1, ) = V*(k1), establishing the Pareto ranking of equilibria. Next, Assumption [Ib) implies
that the Pareto superior equilibrium is the one with greater A. Finally, Lemma guarantees

that any debt equilibrium has a lower k-value than does any levered-equity equilibrium. O

A19



C.2 Proofs for Section 6.2
Lemma C.3. With dispersed investor information (Section , for all k > 1, adjusted expected

posteriors, a;r(-), preserve the following properties of au(-):
1. a;r(-) is strictly increasing for any t € {H, L}.

2. aL(u) > a};(,u), with the inequality being strict if and only if 1 ¢ {0,1}.

3. af(p) = f (1) — aTL(u) is continuous and single-peaked.

=Qp

. den g

ol ()

Proof. As gi(z) is the density of the k" order statistic among m = n — 1 remaining bidders, we

have that |
9(2) = G R E T e

where = is the c.d.f. with corresponding p.d.f. &. Thus, the adjusted likelihood ratio is given by

O =) s
(T —Ea ()

Bi(s,2) = qar(s)€L(2)gn(z) _ ar(s)§L(2)?
T an()en(2)gn(2) — au(s)én(z)?

(11| [1]

We also need the likelihood ratio of Y;*+1 because this is the random variable over which the

seller will compute the expected posterior. Let hs(z) denote the density of Y,**! conditional on t.
And define

L(x)" (1 - EL(2)"

hi(2) _ an(s)én(:)
(21— Zu ()

BT s,z) = PB(s

52 =005 1) ™ aa(5)6a )
We now show that adjusted likelihood ratios AT and ﬁT preserve the properties of the baseline

model likelihood ratio, 8: mainly, that they are both weakly decreasing in s and in z.

As f(s) is decreasing in s, so too are fT and Bt so it remains to show that ZIL{ (é)) decreases in

[I] [I]

z, which we show in what follows in two steps.
EL(z) g weakly decreasing in z. To see this, note that

First, note that =
HH(Z)
d (Zr(2) . - -
sign <dz (: (Z)>> = sign ({L=H — §n=L) -

So it suffices to show that gLEZ)) > EE (( )) Note that we can write = ( fz gg(x) x)dz and

since E—L is monotonic, we have that

e, ) [ &)
_L<>—/O L n(a)d ng(z)/aq( )iz = L 254(0).

Second, we have that 11:552 (é)) is weakly decreasing in z. To see this, sign (d% (tai?(?))) =
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sign (=€ (1 — Zg) + &g (1 — Z)) so it suffices to show that

Then, note that

O §;E§§£H<x>dx g g1 5H el

u(2) [rep@yde  — [len( Eu(2)

It follows that both 5T and BT are weakly decreasing in z. With this result, we can proceed to
the proof of results 1. to 4.

First, result 1 is immediate as

// ﬁT (5,2) 5he (2) qi(s)dzds > 0 (C.13)
(4 (1= p) Bi(s,2))*
b (z)

Second, as ps (1, s,z) is weakly increasing both s and z, and e is weakly increasing in z

while ZZI—((SS)) is weakly increasing in s, result 2 follows.

Third, as signals are informative, and af (0) = af(1) = 0 and af(u) € (0,1) for all u € (0, 1), it
must be that o () (0) > 0 and o (1) < 0. In addition, note that for all u € (0,1)

d%zT (1-B(s,2))
// (1 + 1 — 1) Bi(s, ))3 (her (2) qu(s) — hr (2) qr.(s)) dzds (C.14)
(1- ﬁT (s, z))2
- 2// (u+ (1= ) Bi(s,2)° shi (2) qr(s)dzds < 0 (C.15)

Thus, result 3 follows. Finally, result 4 is established in Lemma A.1 in [Daley and Green

(2014) (and also in Karlin, 1968, (Chapter 3, Proposition 5.1)). For the [Daley and Green| (2014)
£L(2)9n(z) ~
" Eu(2)gu(z) —

% — B(,,z) > (-, /). Because we have already established that both are decreasing

in z, the result follows. ]

proof to go through, we need it to be the case that for any two private signals, z, 2’

Proof of Theorem[3. Using Lemma in place of Lemma the proof follows the same steps
used to establish Theorem [Il O

Proof of Proposition[7. Using Lemma[C.3|in place of Lemma the proof follows the same steps
used to establish Proposition O
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