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Abstract

I analyze a manager’s decision to disclose private information when the stock market
is a source of information for corporate investment-making. A manager with long-term
incentives discloses her private information only if it crowds-in informed trading and
increases the manager’s ability to learn from the market. However, this ex-post disclos-
ing behavior results in two crowding-out effects: First, it crowds-out informed trading
in situations where the manager withholds her private information. Second, voluntary
disclosure results in an ex-ante average decline in price informativeness. Paradoxi-
cally, ex-post voluntary disclosure aimed at stimulating informed trading distorts the
market’s feedback-providing role and restrains efficient investment-making. Long-term
incentives induce this disclosing behavior and thus cause a novel form of investment
inefficiency.
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1 Introduction

Financial markets are an important source of information. The trading process aggregates fi-
nancial market participants’ information into prices and reflects their views about the traded
assets. A growing body of empirical work provides evidence that information aggregated by
the financial market improves decision-making in firms (e.g., Luo| [2005], |Chen et al.| [2007],
Foucault and Frésard| [2012], Williams and Xiao| [2017], [Edmans et al.| [2017], and Dessaint
et al| [2019]). Given the real economic implications, it is important to understand the de-
terminants of price informativeness and how firms can stimulate the so-called feedback role
of the market (Bond et al.|[2012]). A firm’s reporting activity shapes the public information
environment and can be expected to influence private information acquisition and trading
incentives of financial market investors. Therefore, public disclosure has the potential to
drive price informativeness and thus the firm’s ability to learn from the market.

In this paper, I propose a model to study how a firm’s disclosing activities influence stock
price informativeness and the associated real economic consequences, given the importance
of market feedback for corporate decision-making. Importantly, I analyze a model where a
firm manager makes the disclosure decision ex-post, that is, conditional on the specific piece
of information learned privately inside the firm. In contrast, the literature that studies how
disclosure affects the information content of prices focuses on ex-ante policies, which specify
the structure of disclosure before the arrival of the manager’s private information ]

The model applies to settings where the firm shares information relevant for future in-
vestment plans to gauge the market’s view on those intended actions. Examples include
announcements of early-stage merger and acquisition considerations, projections on research
and development spending, capital expenditure forecasts, or strategy discussions during in-

vestor conference calls. All of these examples constitute voluntary disclosure settings where,

1See, for instance, [Verrecchial [1982], Diamond| [1985], and (Gao and Liang| [2013|. An excellent survey of
the main economic forces identified in the literature is |Goldstein and Yang| [2017].



by its very nature, firms have control over which information they share with the publicEHﬂ
Therefore, it seems natural that firms consider the content of their private information when
making voluntary disclosure decisions. By studying ex-post disclosure, I take the discre-
tion firms have in their voluntary disclosures into account and highlight a nuanced way of
how voluntary disclosure distorts the information aggregation role of prices. Paradoxically,
voluntary ex-post disclosure aimed at stimulating informed trading limits market feedback
from an ex-ante perspective, restraining efficient investment-making. Because price infor-
mativeness is relevant for corporate decision-making, I highlight critical financial and real
economic implications being unique to modeling voluntary disclosure in an ex-post way. For
instance, the manager’s desire to learn from the market is driven by her incentives based
on the firm’s long-term profit. By inducing ex-post voluntary disclosure that distorts price
informativeness, long-term incentives cause this novel form of investment inefficiency.

My model considers the ex-post disclosure technology introduced by Dye| [1985] and
Jung and Kwon| [1988], where a firm manager decides whether to (truthfully) disclose or
withhold private information. Departing from the standard setup, where the manager wants
to maximize her firm’s valuation in the market, I focus on a manager whose incentives are
perfectly aligned with long-term shareholders’ interests. The firm is known to have access to
a new investment project which may succeed or fail in the future. Given her belief about the
project’s success probability, the manager chooses the profit-maximizing investment scale.
A private signal informs the manager about the project’s likelihood of success; however, it

does not necessarily reveal its outcome entirely. The signal structure implies that even after

2To be in line with the model, the disclosure has to be informative about an intended action that can
be revisited by the firm manager, rather than about a final decision. This requirement rules out mandatory
reporting settings like the disclosure of a material event under Form 8-K (e.g., to be included in Item 1.01
of Form 8K, the firm has to have entered a “material definitive agreement”).

3The term wvoluntary disclosure is used ambiguously in the literature. On the one hand, it is used for
ex-post disclosure policies (e.g., [Dye| [1985], [Jung and Kwon| [1988], or [Verrecchial [1983]). In this paper,
I follow the notion of this literature stream when referring to voluntary disclosure. In contrast, however,
papers like Diamond| [1985], [Yang| [2018|, or [Schneemeier| [2019] use voluntary disclosure to refer to ex-ante
state-independent disclosure policies. Usually, this implies that the disclosing party (e.g., the firm) commits
to revealing its private information with some added random noise whereby the commitment to less noise is
referred to as more or better voluntary disclosure.



receiving her private signal, the manager tries to utilize other information sources to make
a better-informed investment decision. An information source the manager can influence
is the financial market: The manager’s decision to disclose or withhold her private signal
shapes the public’s assessment of the project’s success probability and sets a sophisticated
trader’s incentives to costly acquire information about the project’s payoft himselfﬁ Because
the investor trades on his private information in a [Kyle [1985]-type market, the stock price
partially reflects the trader’s information. Therefore, the stock price represents a source of
information the manager can influence with her disclosure decision.

As standard in Kyle-type trading models, the informed investor’s trading gains are in-
creasing in the information advantage he has over the uninformed market maker. Therefore,
the higher the degree of public uncertainty, the stronger are the incentives for the trader to
become informed in the first place. Because the price partially reflects the trader’s infor-
mation, stronger private information acquisition efforts help the manager learn more from
the market. By that, the manager discloses her private information if it results in a high
degree of public uncertainty and crowds-in the trader’s private information acquisition. This
crowding-in role of disclosure is in stark contrast to the literature’s general notion that public
disclosure crowds-out private information in prices.ﬂ If the disclosure of the manager’s pri-
vate information would induce only a small degree of information acquisition by the trader,

she refrains from disclosure. Therefore, the disclosure equilibrium features partial disclo-

4The assumption that the trader can acquire information about the same random variable, i.e., the
project’s outcome, does not imply that the trader can access a “better” information technology than the
manager. The model’s qualitative results remain to hold for an arbitrary sizeable variable cost parameter,
implying that the trader acquires only a small amount of information. Necessary for the analysis is that the
manager can extract some additional information from the market and that the trader’s marginal information
acquisition depends on the disclosure outcome.

®The literature generally highlights a crowding-out role of ex-ante disclosure due to either of two as-
sumptions: First, the asset value and the noise being normally distributed. Given this “normal-normal”
specification, the asset fundamental’s post-disclosure variance is always lower than the pre-disclosure vari-
ance (see, e.g., Verrecchial[1982]). Second, the manager’s private information revealing the asset fundamental
perfectly. In such a setting, disclosure always precludes investor’s information acquisition (see, e.g.,|Gao and
Liang| [2013]). An exception of how disclosure can crowd-in informed trading in a normal-normal setting is
when multiple dimensions of uncertainty are considered as in [Bond and Goldstein! [2015], [Yang| [2018], or
Goldstein and Yang| [2019]. Further discussions about the precise relation to the existing literature can be
found in Section



sure, where the manager discloses or conceals her private information depending on how her
signal’s communication influences price informativeness.

The manager’s disclosure decision is maximizing her ability to learn from the market;
however, does this imply that the resulting investment behavior maximizes firm profits? It
is important to stress the timing difference between before (ex-ante) and after (ex-post)
the manager has received a private signal realization. The manager’s incentives are perfectly
aligned with long-term shareholders’ interests, and therefore the investment decision is profit-
maximizing given the information she has after observing the stock price. Thus, the only
source of ex-ante inefficiency is the manager’s ex-post disclosure decision, which elicits a
potentially inefficient degree of feedback from the market.

While the manager’s disclosure decision is optimal ex-post, it creates an information
spillover effect that influences the market’s belief formation process after nondisclosure.
Upon observing nondisclosure, the market rationally forms its belief by considering which
signals the manager discloses or withholds in equilibrium. Therefore, voluntary ex-post dis-
closure affects the public’s belief, market participants’ behavior, and, ultimately, the stock
price’s degree of feedback indirectly also after nondisclosure. 1 show that the consequence
of this informational spillover effect is generally negative: In an effort to increase feedback,
voluntary ex-post disclosure crowds-out the trader’s information acquisition efforts after
nondisclosure. The intuition is as follows. In equilibrium, the manager discloses (withholds)
signal realizations which result in high (low) degrees of public uncertainty. Thus, the public
assesses the payoff uncertainty to be relatively low after nondisclosure, which results in small
information acquisition efforts by the trader. Therefore, the manager’s equilibrium volun-
tary disclosing behavior causes price informativeness to be high after disclosure but low after
nondisclosure. Notably, on average, voluntary ex-post disclosure results in a decrease of price
informativeness across all signals that the manager may receive from an ex-ante perspective.

The model T present uncovers a paradox of voluntary disclosure: Ex-post voluntary dis-

closure aimed at stimulating market feedback distorts the manager’s ex-ante ability to learn



from the market. Therefore, the manager makes on average worse-informed investment de-
cisions resulting in a novel form of ex-ante inefficient investment-making.

Jayaraman and Wu| [2019b] analyze an highly relevant empirical setting of my theory:
voluntary capital expenditure (CAPEX) forecast disclosures. Forecast announcements that
lead to high measures of informed trading are associated with CAPEX adjustments, indicat-
ing that the manager learned from the market. Market feedback improves firm performance,
which corroborates the interpretation that the manager used voluntary CAPEX disclosure
to stimulate her ability to learn from prices. The findings of Jayaraman and Wu| [2019b] are
in line with the crowding-in role of ex-post voluntary disclosure in my model. However, my
model further predicts that such voluntary disclosing activities crowds-out price informa-
tiveness for nondisclosing firms and limits the market’s ex-ante average feedback-providing
role.

In addition to several empirical predictions regarding post-disclosure market outcomes
(see Section [7] for details), my model generates three novel theoretical implications. First,
because the manager’s ex-post disclosure decision aims to improve her ability to learn from
prices, this disclosing behavior would be induced by incentives based on the investment
project’s profit. Thus, incentives that rely on the long-term growth option’s outcome create
the ex-post optimal, but ex-ante inefficient disclosure policy. While long-term incentives
relax standard agency issues (e.g., [Stein [1989]), T highlight an associated feedback solicita-
tion cost. Also, the model shows that any incentive contract has real efficiency implications
beyond investment distortions arising from agency conflicts. Because incentive contracts
influence the manager’s ex-post disclosing behavior, they indirectly matter for price infor-
mativeness and, thus, the manager’s ability to learn from the market. For instance, take
short-term incentives where the manager tries to maximize the firm’s valuation in the mar-
ket [f] Under some conditions, I show that the voluntary disclosure policy based on short-term

incentives results in a less distorted degree of price informativeness. Thus, while short-term

6This model variation coincides with Dye| |1985], Jung and Kwon| [1988], Acharya et al. [2011], and
Frenkel et al.|[2020].



incentives may lead to standard agency-based investment distortions, short-term incentives
may dominate long-term incentives in terms of the manager’s ex-ante ability to learn from
the market.

Second, improving the manager’s ability to learn inside the firm may backfire and reduce
investment efficiency. In the model, the internal information technology is captured by the
probability that the manager receives a private signal, and the associated signal distribution
function. Increasing the likelihood that the manager receives private information has a
direct positive effect on her investment decision. In addition, an increase in the probability
of receiving private signals leads to more voluntarily ex-post disclosure in equilibrium. Given
that, the distortions in price informativeness caused by voluntary disclosure increase, which
reduces the manager’s ex-ante average ability to learn from the market. If strong enough,
this indirect effect can dominate and reduce investment efficiency, as the manager is more
likely to receive internal information.

The last implication of the model is related to the distinction between real and market
efficiency. The former efficiency notion refers to ex-ante expected investment efficiency by the
firm and the latter to market participants’ ability to forecast the firm’s cash flow conditional
on the firm’s disclosure and the information contained in the stock price. Whenever ex-
ante disclosure is taken into account, real and market efficiency tend to move in opposite
directionsm However, the full relationship between the two efficiency measures is more
nuanced when we consider ex-post disclosure. Voluntary ex-post disclosure distorts the
allocation of price informativeness toward states for which the manager chose to disclose
her information. Real efficiency critically depends on the manager’s private information
combined with the additional information the market provides, which itself is influenced by
the manager’s disclosure decision. Thus, the model implies that the association between real

and market efficiency is rather nuanced, when considering voluntary ex-post disclosure, and

"Indeed, when public uncertainty is maximized, the trader maximizes his effort to acquire private infor-
mation and thus maximizes the manager’s ability to learn from the price. Because the trader’s information is
only partially reflected in the stock price, maximizing public uncertainty with a disclosure policy minimizes
market efficiency.



cautions researchers and policymakers to use market efficiency as a proxy for real efficiency.

I structure the paper as follows. In the next section, I discuss the relation to the exist-
ing theoretical literature. Section |3| describes the economic environment, the players, and
potential strategies. In Section [ I solve for the equilibrium of the trading stage and the
investment subgame. In Section [5] I study the resulting ex-post optimal disclosure strategy
if the manager faces long-term incentives. I describe the real and market efficiency impli-
cations of the equilibrium disclosure policy in Section [0} In Section [7 I discuss empirical

implications of the analysis, and Section [§| concludes the findings.

2 Related theoretical literature

This work is related to the extensive literature on voluntary ex-post disclosure going back
to, e.g., |Grossman and Hart| [1980], Milgrom/ |1981], Grossman [1981], [Jovanovic, [1982],
Verrecchia [1983], and Dye [1985]. However, while the more recent literature considers ex-
post disclosure in various contextsE] to the best of my knowledge, this paper is the first
studying ex-post disclosure when the stock market is an endogenous source of information
for the manager.

Probably the most related paper is Langberg and Sivaramakrishnan| [2010], which studies
the interplay of voluntary ex-post disclosure, analyst feedback, and the resulting efficiency
gains through better-informed decision-making by the manager. In their model, a disclosing
manager triggers analyst feedback about long-term efficient investment strategies but may
be perceived as incompetent, which in turn may decrease short-term stock prices. I consider
market feedback even in the case of nondisclosure, which [Langberg and Sivaramakrishnan
[2010] rule out. Thus, as there is no feedback after nondisclosure in |Langberg and Sivara-

makrishnan| [2010], voluntary disclosure does not result in distortions in price informativeness

8Just to name a few, |Acharya et al.[[2011] focus on the timing of disclosures, Fu and Trigilial [2019] study
ex-post disclosure in a dynamic agency model, Bond and Zeng| [2019] consider disclosure when the sender
is uncertain about the audience preferences, and |Frenkel et al.| [2020] focus on the interplay of voluntary
disclosure by a firm and an analyst.



which is at the heart of my model.

My paper adds to the growing literature on how markets affect real decisions and how
these real effects themselves depend on public information disclosure (see the surveys by
Bond et al|[2012] and |Goldstein and Yang [2015], respectively). While more informative
stock prices can have multiple benefits (e.g., acting as a better monitoring devices as in
Fishman and Hagerty [1989]), my paper belongs to the literature that studies an enhanced
learning opportunity for managers similar to Gao and Liang [2013], Yang] [2018], Goldstein
and Yang [2019], Schneemeier, [2019], and [Smith [2020]. All of these papers assume that
the information provider (in the case of my model, the manager) can commit to a disclosure
policy before any information is received. By studying ex-ante disclosure policies, all of these
papers do not capture the strategic nature of voluntary ex-post disclosure. In particular, the
information spillover effect unique to my paper can only arise in ex-post disclosure settings,
which these papers do not study.

Relatedly, it is worth commenting on the crowding-in or crowding-out role of disclo-
sure. Disclosure crowds-in or crowds-out private information acquisition and trading efforts
if it complements or substitutes the trader’s information, respectivelyﬂ While substitute
information disclosure decreases the trader’s information advantage over the uninformed,
complement information disclosure increases it (Boot and Thakor| [2001]). Implicit in most
models of the literature is that this notion is equivalent to whether the disclosure is about
the same or a different random variable the trader is informed about[] As the models in
Verrecchia [1982], Diamond, [1985], and |Gao and Liang| [2013] feature a single asset funda-

mental being the only source of uncertainty, disclosure is a substitute to trader’s information

9Boot and Thakor| [2001] differentiate between i) substitute information: disclosure reveals part of the
information only known to the informed trader, ii) to-be-processed complementary information: disclosure
that complements the information available only to some traders, and iii) pre-processed complementary
information: disclosure that complements the information of all investors. While substitute information
disclosure (i) weakens private information acquisition incentives, complementary information disclosure (ii
and iii) strengthens private information acquisition efforts.

10A different set of models features complement information disclosure where the trader’s information
has little or no value unless a public disclosure occurs (see, e.g. [Kim and Verrecchia) [1994], McNichols and
Trueman| [1994], [Boot and Thakor| [2001], and |Cheynel and Levine| [2020]).



and results in a crowding-out effect ] In contrast, Bond and Goldstein| [2015], [Yang| [2018],
and |Goldstein and Yang| [2019] consider multiple dimensions of uncertainty. In these papers,
disclosure results in a crowding-out (crowding-in) effect in the same (other) information di-
mension. To some extent, my model captures both information substitutes and complements
within a single dimension of uncertainty. Because the manager’s and trader’s information
are about the same variable (the project’s success probability), they are substitutes from
an ex-ante perspective: Any form of disclosure reduces ex-ante average information acqui-
sition of the trader. However, given my information structure with a binary payoff and a
non-perfectly revealing signal, the manager’s ex-post signal disclosure may increase or de-
crease the trader’s gains from being informed. Thus, ex-post, the manager’s disclosure may
substitute or complement the trader’s information depending on the impact the manager’s
information revelation has on public uncertainty[”]

The inefficiency in my model arises, as a commitment to implement an ex-ante efficient
disclosure policy is assumed to be not feasible. The finding that a lack of commitment power
leads to inefficient disclosure is not new in the literature. However, the mechanisms of how
the inefficiency arises is quite different. |Darrough| [1993], Clinch and Verrecchia| [1997], Arya
et al. [2010] show that in a duopoly product market, the ex-ante efficient disclosure policy
generally does not realize when the manager has discretion to disclose ex-post. |Guay and
Verrecchial [2017] study valuation distortions arising from voluntary disclosure. Ben-Porath
et al| [2018] highlight that the option to disclose good project outcomes but to conceal
bad ones results in excessive ex-ante risk-taking by the manager. While the cited papers
highlight how a lack of commitment power may result in various inefficiencies, the insight

that it results in inefficient feedback solicitation is new.

HiSchneemeier| [2019] also considers a single dimension of uncertainty and documents a crowding-out
effect of more precise public disclosure. However, a higher ex-ante commitment to more precise disclosure
signals high managerial ability and, thus, on average higher firm value to investors incentivizing information
acquisition.

12Smith [2020] considers a setting where the disclosure is informative only about the riskiness of the
firm’s investment. Like the outcome in my model, high (low) risk disclosure results in strong (weak) efforts
to acquire information for the trader.



This paper also contributes to the literature on managerial short-termism. Among oth-
ers, Narayanan [1985], [Stein| [1989], and, [Bebchuk and Stole [1993] study the inefficiencies
arising from exogenously set short-term incentives. Another part of the literature features
optimal contracts that include short-term incentives (e.g., [Bolton et al.| [2006], |Laux [2012],
Peng and Roell [2014], and [Piccolo| [2018]). The main difference from my model is that the
literature focuses on classical agency issues, while I assume no conflict of interest between
shareholders and the manager. Even if not incentivized directly, the manager invests in a
profit-maximizing way conditional on her information. The friction of my model is a com-
mitment problem: Committing to an efficient ex-ante disclosure policy is not feasible, which
results in inefficient disclosure. Therefore, while long-term incentives may relax standard
agency issues, 1 show that there is an associated feedback solicitation cost. In addition, I
highlight the importance of incentive contracts in determining the manager’s ex-post disclos-
ing behavior. Because the structure of the disclosure policy matters for price informativeness,
incentives have real implications, as they matter for the manager’s ability to learn from the
market. To the best of my knowledge, this insight is new to the “short-termism” literature.

Finally, this paper contributes to the literature distinguishing market and real efficiency
(see the survey by Bond et al.| [2012]), given the feedback-providing role of financial markets.
Most notably, the review of (Goldstein and Yang [2017] discusses various real and financial
market implications of pre-committed information disclosure. A general result is that better
public information provision discourages private information acquisition of traders. Thus,
the stock price contains less private information of traders and has negative real implications
if the manager tries to learn from the price. Therefore, real and market efficiency measures
tend to move in opposite directionsF_gl A similar assertion also holds in my setting as a policy

of full nondisclosure (full disclosure) minimizes (maximizes) market efficiency but maximizes

13Better public information provision always leads to less private information being aggregated by the
price, which leads to a decrease of real efficiency. The implications for market efficiency, however, depend on
whether the crowding-out happens on the intensive or extensive margin of private information acquisition.
In cases where the crowding-out occurs on the intensive margin, better disclosure leads to higher market
efficiency. See the explanations in |Goldstein and Yang| [2017] of Figure 3 for more details.

10



(minimizes) the ex-ante average degree of information acquisition by the traderE In ad-
dition, this paper adds the novel perspective that the distinction between real and market

efficiency is even more nuanced when taking into account voluntary ex-post disclosure.

3 Model Setup

I study an economy that consists of a single publicly traded firm, a manager (she), a market
maker, a sophisticated trader (he), and a liquidity trader. There are four time periods. The
firm has assets in place that yield a random payoff V' in ¢ = 4. The payoff may be either
high V' =1 (with Pr(V = 1) = py € (0,1)) or low V= 0. In ¢t = 1, the manager has
the opportunity to disclose privately learned information to the public. After the financial
market has closed in ¢ = 2, the firm may invest in a growth opportunity whose return is
correlated with the “firm fundamental” V. The details of the disclosure stage, the financial
market, the investment decision, and the payoffs of all parties are described below. All
parties are assumed to be risk-neutral, and the risk-free interest rate is zero.

Essentially, my model combines a voluntary disclosure stage a la [Dye| [1985] and [Jung
and Kwon [198§], followed by a financial market similar to [Kyle| [1985] with endogenous
information acquisition, with a standard investment choice by the manager. The trading
process aggregates information from market participants and therefore provides the manager
with a noisy signal about the informed trader’s information.

The timeline in Figure [1| summarizes how the game unfolds:

t = 1, Disclosure Subgame:

The manager’s role in this paper is to choose a disclosure strategy in ¢ = 1 and to invest

in a growth option in ¢ = 3, based on her total information regarding the firm fundamental

4 However, a full nondisclosure does not maximize ex-ante real efficiency. What matters for real efficiency
is not the average amount of feedback provided by the stock market but the probability-weighted marginal
value of feedback taking into account the manager’s internal information and the probability that the manager
ends up in said information state.

11
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Figure 1: Timeline

V. While the majority of the theoretical literature focuses on frictions inherent in the
investment process, I abstract away from any standard agency friction. I assume that the
manager always invests in line with shareholders’ interests in ¢ = 3, conditional on her total
information[" Thus, in this model, the degree of efficient investment is purely driven by the
manager’s information endowment. In turn, the manager’s information at t = 3 depends on
the information contained in the price, which the manager can influence by her disclosure
decision. Thus, the sole source of potential investment distortions is a disclosure strategy
that elicits an inefficient amount of information from markets.

The disclosure game is modeled as follows. With probability ¢ € (0, 1], the manager
receives a verifiable signal s € S = [0, 1], providing her with additional information about V.
Both the arrival and the content of this information is assumed to be private and captures
the extent to which a manager may learn about the firm’s fundamental in the course of her
employment. Let E[V|s] = s, which implies that the updated belief of the fundamental is

simply the signal SE With probability 1 — ¢, the manager does not observe any signal,

15Clearly, in the absence of any standard investment friction, including an infinitesimal weight on the
return on the growth opportunity is sufficient to induce the manager to choose the profit-maximizing invest-
ment scale. In order to focus on the pure feedback production role of the contract terms, I assume that the
manager’s investment decision maximizes expected profits when she is indifferent.

16Given common risk-neutrality, this assumption is without loss of generality. It is equivalent to assuming
the manager learns the signal s’ and then defining s = E[V|¢'].

12



hence her belief about V' stays at the prior py. Denote the continuous pdf and cdf with full
support over S as f(s) and F(s), respectively. I will refer to the privately informed manager
who received signal s as type s.

If the manager has received a signal s, she can decide whether to disclose or conceal it. If
disclosure takes place, it has to be truthful. Therefore, denote d = {s, @} as the disclosure
decision made by the manager with private signal s, where @ refers to the manager not
disclosing her signal. If the manager did not receive a private signal, she has no option but
to stay silent. In addition, the manager cannot credibly disclose the arrival of the signal
(without disclosing the signal itself) or the lack thereof.

Because the manager wants to maximize profits with the investment decision, she wants to
learn as much as possible from her own stock price. Therefore, the disclosure decision intends
to maximize stock price informativeness and thus enhance the manager’s information, which
is the basis for her investment decision. Before further describing the disclosure strategy, I

have to characterize trading in the stock market and the resulting price informativeness first.

t = 2, Trading Subgame:

The trading stage follows a simple version of Kyle [1985], with endogenous information
acquisition. The financial market involves a competitive market maker, a liquidity trader,
and a sophisticated trader. At some cost, the sophisticated trader can produce information
about V. In particular, the trader chooses = € [0, 1], the probability of perfectly learning
VE With probability 1 — x the sophisticated trader receives no information whatsoever.
The cost of acquiring information is captured by the cost function %xQ. In terms of the cost

parameter k, I impose the following assumption:

Assumption 1 The sophisticated trader’s marginal cost of information acquisition is k >

1/4.

1Tt does not matter that the trader has access to a perfectly revealing learning technology. The same
qualitative results obtain if the trader can costly choose the precision of his private signal.

13



To avoid discussing various corner solutions, Assumption [I| ensures that the intensity of
information acquisition is an interior value in equilibrium.

After potentially receiving information, the sophisticated trader demands y units of the
asset.

The liquidity trader’s order quantity is independent from the fundamental value V' and
arises stochastically: With equal probabilities, the liquidity trader chooses the demand u =
{=1,1}, where u = —1(1) represents selling (buying) one unit of the asset.

The risk-neutral market maker sets the stock price P equal to the expectation of V,
given the observed order flow z = uw + y and public disclosure or the lack thereof. If the

orders result in a nonzero net order flow, the market maker absorbs it from his own inventory.

t =3, Firm’s Investment Subgame:

The manager updates her belief of V' given the observed stock price P and her private infor-
mation, if she has received any. She has the opportunity to invest in a project whose return
is related to the true firm fundamental V. Specifically, the manager chooses the scale I of
the investment opportunity by max; E[V I — 1/21%|Z] with Z = {{s, P}, {P}} denoting the
potential information sets of the manager that consist of the observed price P from t = 2 and
potentially the private information s. I assume that the investment in the growth option is
separate from the assets in place, is non-tradable, and is financed from retained earningsm
In addition, it is common knowledge that the firm has access to an investment project. This
implies that voluntary disclosure cannot be used as a way to signal the existence about an
investment project, but rather only to shape the public’s belief about the project’s prof-
itability (through V)]

18The assumption of non-tradability of the growth project makes the model more tractable. Otherwise,
the strategic trader would have to condition his information acquisition and trading decision on the post-
trade price informativeness, which induces the manager’s profit-maximizing investment decision and thus
feeds back into the profit that the trader can earn (see also|[Subrahmanyam and Titman| [1999], [Foucault and
Gehrigf [2008], and |Goldstein and Yang] [2017]). As I want to focus on the pure feedback generation role of
the manager’s disclosure decision, I abstract away from the signaling effect a securities issuance could have
here (see also|Gao and Liang| [2013]).

19Given the separation of the assets in place and the growth option, this assumption is not necessary.
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t = 4, Asset value realization: V is realized, which determines the payoffs from the as-

sets in place and the growth opportunity. All contractual payments are made.

The equilibrium solution concept is Perfect Bayesian Equilibrium, which is characterized by:
1) The informed manager’s choice to disclose her private signal or not, d* = {s, &}, which
maximizes the profitability of the growth opportunity; 2) the strategic trader’s choice of the
intensity of information acquisition z*, which maximizes his expected trading profit net of
information acquisition costs; 3) a pricing rule P*(z) such that the market maker breaks even
on average; 4) the strategic investor’s expected profit maximizing trade y*; 5) the manager’s
profit-maximizing investment /*(Z) in the growth opportunity; and 6) all the players’ beliefs
satisfying Bayes’ rule wherever they are well-defined. I denote the equilibrium values of all
variables with a *.

Before solving the model, it is useful to specify commonly used terminology in my setting.
The main point of the paper is how the absence of power to commit to a disclosure policy
results in inefficient feedback solicitation and investment distortions. In what follows, I will
use the term optimal to describe the ex-post equilibrium disclosure strategy by the manager,
given her incentives to maximize the profits of the growth option and conditional on her po-
tentially privately held information. In contrast, I will use the term efficient when evaluating
disclosure policies in terms of their real efficiency, which I define as the ex-ante expected
firm profits (in Section |§|, I make the definition of real efficiency and market efficiency more
explicit). Therefore, whereas optimal will be used in combination with ez-post, that is, after
the manager has received private information, the notion of efficiency will be reserved for
efficiency from an ex-ante perspective. In addition, as there are no standard agency frictions,

the manager’s investment decision is not subject to any standard inefficiencies. Therefore,

Because financial market participants only care about the value of assets in place, their behavior is indepen-
dent of the existence of a growth option. However, this assumption would be important in a model where
the growth option is part of the traded firm value.
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whenever I refer to the ex-post profit-maximizing investment decision I refrain from using
the notion of efficient investment used in the literature.

In addition, a more detailed comment on the model’s main assumptions is due. First, in
terms of the information structure, I assume the asset payoff V' is binary and the manager
receives a signal, that specifies a posterior belief s = Pr(V = 1|s) € [0,1]. The information
structure implies that disclosure of the manager’s signal may increase or decrease the uncer-
tainty about the asset’s payoff, depending on whether s is closer to 1/2 than the prior belief.
This property of my signal structure has strong empirical support, as Neururer et al. [2016]
and Hann et al|[2019] find that measures of uncertainty may either increase or decrease af-
ter disclosure. In contrast, a common assumption in the literature is a normally distributed
fundamental alongside some normal noise. In a “normal-normal” model where the manager
receives a noisy version of the fundamental, the disclosure of such a signal reduces the pos-
terior variance of the fundamental unambiguously across all signal realizations. Thus, while
it seems intuitive that disclosure always reduces uncertainty, it is, in fact, a specific property
of the normal distribution@ and not supported empirically.

Second, in this paper, I highlight how voluntary ex-post disclosure distorts price infor-
mativeness and thus result in ex-ante inefficient investment-making. In modeling disclosure,
I use the canonical verifiable disclosure model by Dye| [1985] and Jung and Kwon [1988].
The highlighted inefficiency, however, is not specific to the verifiable disclosure technology
used here but would also arise with other ex-post communication technologies. Take, for
instance, the earnings manipulation modeling approach initiated by [Stein| [1989] and used
in similar forms, among others by [Fischer and Stocken| [2004], Strobl| [2013], and |Gao and
Zhang [2019]. Suppose the manager can “manage” his privately received signal and release
a report with a literal meaning, that is, a report indicating a specified posterior belief. In
this setting, all manager types would like to induce a posterior of 1/2 with their report, as

this maximizes feedback from the financial market. The resulting equilibrium, however, is

20Gee, for instance, (Casella and Berger| [2002] Chapter 4.2.
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a standard signal-jamming equilibrium where all manager types publish a report indicating
a posterior of 1/2; which is ultimately ignored by market participants. Therefore, all man-
ager types will receive feedback given the prior belief independent of the marginal value of
feedback. Similar to the outcome of my model, the disclosure or reporting strategy of an
informed manager with signal s creates an information spillover effect influencing all other
informed manager types. In equilibrium, manager type s does not take into account this
spillover effect, which results in a real inefficiency. The inefficiency is thus caused by the lack
of commitment power and not specific to the disclosure model I am using in this paper.
Finally, as in Subrahmanyam and Titman| [1999], Foucault and Gehrig) [2008], and |Gold-
stein and Yang [2017], I assume that the firm shares are claims on the cash flows of the
assets in place but not on the cash flows of the growth opportunity. This assumption is
made for tractability and to generate closed-form solutions. In the model, the investment
in the growth option depends on the information contained in the stock price. If the stock
would be a claim on the growth option, the price would consist of the manager’s investment
in the growth option and therefore on both the investor’s information conveyed through
prices and the information the manager holds privately. In particular, when the manager
chooses to conceal her signal, this feedback loop (the stock price affecting investment that, in
turn, affects the stock price) creates a fixed-point problem that depends in a nonlinear way
on the belief induced by nondisclosure and precludes closed-form solutions. By assuming
that the shares are claims on the assets in place only, the share price is simply a linear func-
tion of the belief induced by disclosure or the lack thereof and thus simplifies the analysis
tremendously. The main insight of the paper that the strategic nature of disclosure results
in feedback externalities and thus creates real inefficiencies, however, should also hold in a

setting where the shares represent claims on the growth option’s payoff /1]

21Tn the model, the trader’s information acquisition effort is only a function of the asset value’s variance.
Given the binary asset payoff, this implies that the trader’s information acquisition is inverse U-shaped in the
public belief about V. Thus, the manager’s incentive to disclose/withhold is symmetric around a signal of
s = % Incorporating the growth opportunity’s pay-off would create an asymmetric trading and information
acquisition behavior by the trader as highlighted by [Edmans et al| [2015]. Thus, I conjecture that the
resulting disclosure equilibrium also features asymmetry in terms of the types disclosing/withholding their
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4 Investment and Trading Subgame

Before analyzing the disclosure strategy of the manager, let us consider the equilibrium

outcomes in the investment and trading subgame.

4.1 t = 3 Investment Subgame Equilbrium

The information set Z of the manager at this stage includes the observed stock price P in
t = 2, which I describe in detail in section [4.2], and potentially her private information s.

Therefore, she chooses the scale I of the investment opportunity as
mIaXE[VJ —1/21%7), (1)

with the profit-maximizing investment of I* = E[V|Z]. Given that the return on the growth
option is convex in the manager’s updated belief, E[G|Z] = E[V/|Z]?, the manager wants

her information about V' to be as precise as possibleP_?]

4.2 t =2 Trading Subgame Equilibrium

For now, let’s suppose the belief Pr(V = 1) = pu is exogenously given; in Section , I discuss
how the belief u(d*) is driven by the outcome of the disclosure stage. The next lemma

describes the equilibrium in the trading subgame.

Lemma 1 (Trading Subgame Equilibrium) For u € (0,1), the unique subgame equilib-

rium in the trading stage is as follows:

1) Information acquisition: The strategic trader chooses the intensity of information acqui-
pd—p)

sition of v*(p) = 5.

2) Strategic trader’s demand: The informed strategic trader who learned V. =1 (V = 0)

signal.
22For any prior pp € (0,1), the manager strictly prefers any second-order stochastically dominated distri-
bution.

18



trades y* =1 (y* = —1) and the uninformed strategic trader chooses y* = 0;
3) Price setting: The market maker sets prices as a function of observed order flow z:

P*(2) =1, P*(-2) =0, and P*(2) = p for z € {—1,0,1}.

All proofs can be found in Appendix [A]

The trading subgame equilibrium is intuitive. Whenever the strategic trader receives
positive or negative information, he buys or sells, respectively. As is standard in Kyle-type
models, uninformed trades generate a loss on average. Thus, the strategic trader does not
trade if uninformed. After observing z = 2 (z = —2), the market maker infers that the
strategic trader has received conclusive evidence that V' =1 (V = 0) and sets P(2) = 1
(P(—2) = 0). After z = {—1,1} the market maker infers that the strategic trader is not
active in the market and therefore sets the price according to his prior belief . Equivalently,
whenever the market maker observes one buy and one sell order, either of the trades may
be coming from the informed trader, and therefore the updated expectation about V stays
at p.

The intensity of information acquisition z* is linearly increasing in the payoff variance
(1 — ). The gains in the trading game are related to the information asymmetry between
the strategic trader and the uninformed market maker. As the asset payoff is Bernoulli-
distributed, the belief that imposes the highest variance of the asset payoff is p = 1/2.
Thus, at 1 = 1/2, the information rents that an informed trader can earn are maximized,
which induces the sophisticated trader to maximize the intensity of information production.
As the trading game does not feature any frictions that would result in asymmetric trading
behavior (e.g., short-selling constraints), it is intuitive that z* is symmetric around 1/2.

Furthermore, x* is decreasing in the marginal cost of information acquisition k.
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5 Disclosure Subgame

As stated in Section [4] given the manager’s t = 3 profit-maximizing investment decision,
the expected return of the growth option is $E[V|Z]?. At the disclosure stage in t = 1, the
manager takes into account the impact of her disclosure decision d on market prices and the
information she can extract from them. Thus, the manager sets her disclosure policy such
that ¥(s, u(d)) = E¢[sE[V|Z]?|s] is maximized. As highlighted in Lemma , the strategic
trader’s information acquisition strategy depends on the market belief prior to trading. The
disclosure decision d of the manager indirectly shapes price informativeness by defining the
incentives of the strategic trader to acquire information. Given the informative role of the
stock price, the expected return on the growth option is a function of s, the manager’s private
information, and the market belief y(d) = ug induced by the manager’s disclosure decision.

The belief py matters for the manager, as it influences her ability to learn from prices
and thus for the investment decision. In particular, a manager who holds a belief of x4 and
induces a market belief of yy with her disclosure decision expects the following profit of the

growth opportunity:

1 1

Wlpo) =5 X PGBV PR = 5 (14 3= ). @)

Obviously, the expected return on the growth option is increasing in the manager’s belief
1 and benefits from a more informative stock price, which is captured by the sophisticated
trader’s intensity of information acquisition. The belief that a disclosure decision induces
matters for the manager only through the intensity of information acquisition x*(pg). In
particular, by disclosing her signal s, the manager induces informed trading of z*(s), while
nondisclosure results in feedback of the form of x*(ug).

Because the manager wants to extract as much information as possible from prices,
she discloses her private information s only if it induces more-informed trading than after

nondisclosure. If the manager is indifferent to disclosing or not, I assume she does not
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discloseﬁ As standard in Dye-type disclosure models, the equilibrium is pinned down by an
indifferent manager type.

Clearly, whenever the manager disclosed her private signal, the market’s updated belief is
also E[V|s] = s. In contrast, whenever the manager does not disclose her signal, the market
belief is (almost surely) not equal to s. Remember, the disclosure technology permits the
manager to disclose or conceal her signal s. Thus after nondisclosure, all types s that chose
d* = @ are pooled with the manager type who did not receive any private information,
which has occurred with probability 1 — q. Therefore, the market belief after nondisclosure

is characterized by

(1 —=q)uo+qPr(s € QE[V|s € Q]
1—qg+qPr(seQ)

He = ) (3)

with Q C [0, 1] being an arbitrary set of manager types s who conceal their signal.

As Lemma (I} shows, the sophisticated trader’s degree of information acquisition z* is
linearly increasing in the payoff variance implied by the public belief ;4. Because the public’s
perceived variance of the binary distributed asset V' is pq(1 — pq), the types s and 1 — s will
induce the same degree of information acquisition by disclosing or withholding their signals.
Therefore, the disclosure equilibrium features two symmetric thresholds, as Proposition

describes.

Proposition 1 (Disclosure Subgame Equilibrium) Forq € (0, 1), there ezists a unique

equilibrium in the disclosure subgame, which is characterized by two thresholds s7 and s;.

23The indifference assumption only matters for realizations of S with zero measure. I will discuss this in
detail once I solve for the disclosure equilibrium in Proposition

21



An informed manager withholds her signal s, if and only if, s € 0, with

)
0,85 Ul —s7,1],  for pg < 1/2

v [07 1]7 fOT Ho = 1/2

0,1 —s5]U][s3,1], for uo>1/2.
\

The disclosure thresholds are given by the solutions to the following conditions:

v (1= Qo +a(fy" sf(s)ds + [, . 5f(s)ds) )
N f s+ [y fs)ds)
(1= q)po + q( [, sf(s)ds + f sf(s)ds)
S5 = — > fi (4)
(1—q)+q(f, d8+f f(s)ds)

The corner types s = {0,1} are indifferent and, by assumption, do not disclose.

For q = 1 there exists an equilibrium that has the same structure as above iff f(1) > 0

for po < 1/2 (f(0) >0 for po > 1/2).

The black dashed line in Figure [2] illustrates the degree of information acquisition of the
strategic trader x* as a function of any belief in [0,1]. The preference of the manager is
to maximize the profit of the growth option and thus to elicit as much market feedback as
possible. Feedback is maximized at an induced belief of 1/2 and symmetrically declines,
with an increasing distance to 1/2. Clearly, after receiving s = 1/2, disclosure is an optimal
strategy for the manager, as it results in highest degree of feedback possible.

The equilibrium is pinned down by the type that is indifferent between disclosing and not,
that is, the type that induces the same belief after disclosure and nondisclosure. Suppose
Lo > %, which by Proposition |1/ implies that the indifferent manager type is s5 > uo. Every
type s € (1 — s3,s3) induces more uncertainty into the market by disclosure than with
nondisclosure. For types s & (1 — sk, s3), the converse is true. All types that by disclosure

would induce a more certain belief, that is, types that are closer to the extremes than 1 — s;
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Figure 2: Equilibrium-induced informed trading

The figure shows the degree of information acquisition of the strategic trader after the disclosure
equilibrium materialized. In terms of parameters, I used ¢ = 4/5 and k = 1/4. For the internal
signal distribution, I assumed f(s) = 2s. Together, these assumptions result in s = 3/4.

or s3, are better off withholding and inducing the more uncertain belief of uj;. Given that,
the equilibrium is characterized by disclosure of types s € (1 — s3, s3) and nondisclosure by
the remaining types. Figure [2| visualizes the degree of feedback disclosing (orange line) and
nondisclosing (blue line) manager types induce in equilibrium.

Note that the equilibrium structure prevails also for ¢ = 1, given the distributional
properties of f(s) outlined in Proposition @ In those instances, the fixed-point problem in
equation 4] has an interior solution, which implies that the symmetric threshold property of

the equilibrium continues to hold.

24Naturally, for ¢ = 1, there always exists an unraveling equilibrium. For an appropriately specified off-
equilibrium belief (e.g., ug = 0), all types are better off disclosing their signal. However, in contrast to most
models of strategic communication, in my model there also exists an equilibrium featuring nondisclosure -
without using the common assumptions of costly disclosure (Grossman and Hart| [1980] and |Jovanovic| [1982])
or the impossibility of disclosure for some types ) The reason is that the sender’s payoff from
disclosing /nondisclosing is not monotone in the induced posterior (see Lemma . [Okuno-Fujiwara et al.
1990] study sender payoff monotonicity and the implications for unravelling. Relatedly, |Bond and Zeng
2019| show another way how “silence” can be part of the disclosure equilibrium. If the sender is risk-averse
and uncertain about the receiver’s preferences over her messages, the sender is safest not to communicate at
all.
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If a manager type is indifferent to disclosing or not, I assume that the manager withholds
her information. When changing the tie-breaking assumption, the equilibrium from Propo-
sition [I| changes only for a measure zero set of types. The types that are indifferent are the
corner types of s € {0,1}, and the threshold manager types s € {1 —s3,s3} (for pg > 3). In-
deed, with the new assumption on the behavior of indifferent types, the equilibrium changes
to Q* = (0,1 —s5) U (s5,1).

It is crucial to keep in mind that the disclosure choice of the manager is optimal con-
ditional on her individual signal realization and on the equilibrium disclosure strategies of
all other manager types. Thus, while the disclosure choice of manager type s is optimal
for her, it indirectly also has an impact on all other manager types because it influences
the updating process of investors after nondisclosure according to Equation [3] The optimal
disclosure choice of s results, in some sense, in an information spillover effect influencing
all other potential manager types that could have been realized. This information spillover
is at the heart of the paper. In fact, it turns out that the types choosing to disclose in
equilibrium reduce the degree of market feedback, nondisclosing types are able to receive.

The next proposition formalizes this finding.

Proposition 2 (Negative Information Spillover) In an equilibrium that features partial
disclosure (i.e., Q¢ {{},[0,1]}),

i) voluntary disclosure results in a negative information spillover harming price informa-
tiveness after nondisclosure: x*(ul) < x*(po);

dz* (py)
dq

it) the negative information spillover effect gets more severe for an increase in q: <
0; and
iii) the ex-ante expected degree of market feedback following the disclosure equilibrium €

1s lower than under a full nondisclosure policy.

Remember, in equilibrium, the manager discloses signal realizations which result in high

posterior variance estimates about V' and thus in high information acquisition efforts by
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the trader. In contrast, the manager chooses to withhold signals that would result only in
a small degree of public uncertainty after disclosure. Clearly, the public rationally takes
into account which signals the manager discloses or withholds in equilibrium. Therefore,
voluntary disclosure of types s € {1 — s}, s3} (for yup > 3) creates an informational spillover
effect influencing the feedback nondisclosing manager types can receive. Given that managers
with signals that would induce a high posterior variance will disclose in equilibrium, the
public assesses the payoff variance to be relatively low after observing nondisclosure. The
consequence of the informational spillover effect is thus negative for nondisclosing types:
The degree of feedback after nondisclosure in equilibrium (z*(u%)) is lower compared to the
degree of feedback given a policy of full nondisclosure (z*(p)). Thus, voluntary disclosure
crowds-out private information acquisition efforts upon nondisclosure.

The negative consequence of the information spillover effect worsens if the manager is
more likely to be informed. Note, the nondisclosure belief jiy is a mixture of the prior belief
1o and the average type of withholding managers. Intuitively, as the probability that the
manager has received private information increases, the nondisclosure belief is more sensitive
to the strategic behavior of the informed manager types. Thus, more manager types find it
optimal to disclose in equilibrium, which depresses even further the degree of feedback after
nondisclosure.

Voluntary disclosure of some manager types does not only have an adverse effect of the
degree of feedback that nondisclosing types can achieve it also depresses the ex-ante average
intensity of information acquisition by the strategic trader. The last property of Proposition
shows that the average degree of feedback is reduced compared to a policy of full nondis-
closure. This property is similar in flavor to the prominent crowding-out effect of public
information provision on private information acquisition efforts shown in the literature (see
Goldstein and Yang| [2017] for a review). However, in a setting of voluntary ex-post disclo-
sure the channel how crowding-out occurs is more nuanced. Here, ex-post disclosure results

in crowding-in of information acquisition by the strategic trader. Intuitively, if disclosure
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would not result in higher market feedback, the manager would not care to disclose her
signal. Therefore, in a voluntary disclosure setting, disclosure crowds-in private information
from an ex-post perspective. A side effect of this crowding-in from disclosing manager types
is the described information spillover diminishing feedback after nondisclosure. In addition,
from an ex-ante perspective, voluntary ex-post disclosure reduces the average degree of infor-
mation acquisition by the trader. Therefore, from an ex-ante perspective voluntary (ex-post)
disclosure also features an average crowding-out effect.

A policy of full nondisclosure maximizes the ex-ante expected intensity of informed trad-
ing and thus provides on average the highest degree of feedback. Does this mean that such a
policy results in the highest expected firm value? Not necessarily. Equation [2/highlights that
the marginal benefit is not constant across manager types. Therefore, ex-ante firm profits
are a function of: i) the degree of feedback a manager type receives, ii) the marginal benefit
this feedback provides in terms of more efficient decision-making, and iii) the probability
that the manager ends up in this information state.

In particular, the firm’s ex-ante profit given any disclosure policy €2 can be written as

(Q) = (1~ )W (o, 12) + 4 ( [ wesess+ [

[e1s

U(s, s)f(s)ds) , (5)

with Q¢ = [0, 1] \ Q being the set of states that are disclosed.

The manager receives no private information with probability 1 — ¢, and thus d* = @
mechanically. In this case, however, the manager still is able to learn from the stock price,
so the induced market belief of iz matters. With probability ¢, the manager receives private
information in form of the signal realization s and the feedback induced by either s or pg,
depending on whether type s discloses or not.

In the next section, I analyze efficiency implications of the equilibrium and compare it

to alternative disclosure policies.
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6 Efficiency Implications

The discussion in the previous section shows that any disclosure policy matters for ex-ante
profits in terms of how the feedback of the market is distributed across manager types. A
central role plays the internal signal distribution function f(s). Therefore, in order to study
efficiency implications of the equilibrium disclosure policy, more structure on the function is
necessary.

In particular, I make the following assumption on the internal signal distribution:

Assumption 2 The manager’s private signal s is distributed according to f(s) = 2s. Thus,

Ho = %
Given Proposition |1 s5 > pp = % For brevity, in what follows I will define the threshold
55 = s*.

Assumption [2| confines the distribution of internal signals to be a simple linear function of
s. The distributional assumption does not matter qualitatively for the results of the paper,
however, allow me to present more results in closed form. In Appendix [B] T provide affir-
mative numerical and, whenever possible, analytical results given alternative distributions
of the internal signal.

In order to study the implications of a disclosure policy €2, I focus on two widely used

measures of efficiency.

Definition 1 (Efficiency Measures) Real and market efficiency of a disclosure policy
are defined as
1. Real efficiency: RE(Q) = ((Q)

2. Market efficiency: ME(Q) = —Eq [_V“l}"éxl‘l/t’)vd)]

I define real efficiency (RE) as the ex-ante expected profit of the growth option. As
Equations |5 and [3] show, the disclosure policy specifies which privately informed manager

types receive feedback as a function of their privately held belief s and which types receive
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feedback as a function of the induced nondisclosure belief py. Thus, the policy €2 has
two implications on RE. First, 2 determines which nondisclosure belief pg is induced and
therefore determines the intensity of informed trading for all nondisclosure states, including
the situation where the manager did not receive any internal information. Second, €2 defines
which private information states s are concealed in order to induce said pg. Given this dual
role of €2, RE is maximized if feedback from financial markets is spread efficiently among the
information states at which the manager may end up.

The definition of market efficiency (ME) captures the informational content of public
information to predict the firm fundamental V. In particular, the measure is calculated as
the negative fundamental variance conditional on the stock price and the disclosure outcome
Var(V|P,d), scaled by the unconditional fundamental variance. 2 influences market beliefs
in terms of the price-setting behavior of the market maker as well as the information acqui-
sition and trading decisions of the strategic trader. However, in contrast to RE, ME does
not take into account a potentially received private signal of the manager.

To put the efficiency aspects of the disclosure equilibrium in perspective, consider two
natural disclosure benchmarks. First, full disclosure Qrp = {} where the manager mechan-
ically discloses her signal, d(s) = s Vs € S, and full nondisclosure Qyp = [0, 1] where all
signals are withheld.

I start with the analysis of real efficiency implications of the different disclosure policies

6.1 Real Efficiency

Note that both under full disclosure Q2rp and full nondisclosure Qxp the observation of
d = @ is not informative any more as all manager types behave in the same way. Therefore,
le = o = 2/3 for both Qpp and Qunp.

The next proposition ranks the two benchmark disclosure policies - full disclosure and

full nondisclosure - and the equilibrium disclosure outcome in terms of real efficiency.
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Proposition 3 (RE of Equilibrium, Full Disclosure, and Full Nondisclosure) The dis-

closure policies can be ranked in terms of real efficiency as: ((Qrp) < (%) < ((Qnp)-

Given distributional Assumption [2| full nondisclosure results in higher RE than full
disclosure for any qﬂ As already outlined, the nondisclosure belief for Qrp and Qyp in
both cases is 1y = 2/3. Thus, after nondisclosure, all managerial types s receive feedback of
the form of 2*(2/3) while all types after disclosure receive z*(s).

Comparing the two benchmark policies, all types s € (1/3,2/3) would strictly benefit
from disclosure compared to nondisclosure. In addition, these types with relatively uncertain
private signals benefit more from a marginal increase in feedback compared to the types s &
(1/3,2/3) with more certain private information (see Equation [2)). Given the distributional
assumption [2| however, the types in the middle region have a relatively low probability-mass
compared to the types s ¢ (1/3,2/3)FY From an ex-ante real efficiency point of view, the
high probability that the typesin s ¢ (1/3,2/3) occur dominates the effect that the types in
s € (1/3,2/3) have a higher marginal value of feedback. By that, a full nondisclosure policy
dominates the full disclosure benchmark in terms of RE.

As the comparison between 2y p and Qyp shows, in order to determine the real efficiency
of a disclosure policy, we have to keep in mind the marginal benefit of the induced feedback
for every manager type and the probability that such manager type is realized.

The same reasoning applies to real efficiency of the equilibrium disclosure policy. As
already outlined above, all types s € (1 — s*,s*) prefer to disclose, as these types receive
higher feedback after disclosure than after nondisclosure. From an ex-ante perspective, the

voluntary disclosure of these types harms real efficiency, however, as they have an adverse

ZWithout Assumption there exist ug € (0,€) U (1 —¢, 1) for small € > 0, for which {(Qrp) > ((QnD).
Indeed, as shown in Appendix for sufficiently extreme priors, ((QFP) > ¢(QNP). Intuitively, for very
certain priors, that is pg close to 0 or 1, the degree of feedback conditional on nondisclosure is negligible.
In this situation, it is preferable to always disclose the private signal distribution s, as this ensures a higher
intensity of informed trading for most of the state realizations. Another way to see that {(Qrp) > ((2nD)
may occur is that the expected profit given a disclosed private signal s is proportional to s2(1 — s)? which
is convex near the corner realization of s while concave otherwise.

26Tndeed, the types preferring disclosure occur with probability ff/ 33 2sds = 1/3 while the types preferring
nondisclosure have a probability of 2/3 of occurring.
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impact on the nondisclosure belief py. In particular, the disclosure by types s € (1 — s*, s*)
pushes the equilibrium nondisclosure belief further away from 1/2 which in turn, reduces the
degree of feedback all nondisclosing types can achieve. Again, as the realization of types in
s ¢ (1 — s*,s%) is relatively likely, the efficiency losses incurred by the nondisclosing types
outweighs the efficiency gains from the disclosing types.

Surprisingly, the distortions occurring in equilibrium can even result in situations where
an increase in ¢, the probability that the manager receives firm-inside information, reduces

ex-ante firm profits and thus real efficiency.

6.1.1 Implications of Better-Informed Manager

An increase of the probability that the manager receives internal information has two effects
on real efficiency. First, - holding constant the equilibrium disclosure policy which ensures the
same degree of feedback for every manager type - it has the direct benefit that the manager
bases her investment, on average, on better internal information. Second, an increase in
q changes the disclosure equilibrium and thus the distribution of market feedback across
manager types. I will refer to the first effect as the direct effect and to the latter as the
indirect effect.

As the next proposition highlights, the direct effect of an increase in ¢ is positive while
the indirect effect is negative. Interestingly, the indirect negative effect can dominate which

implies that an increase in ¢ can lead to a reduction in real efficiency.

Proposition 4 (Lower RE with better-informed manager) An increase in q always

results in a positive direct effect and a negative indirect effect on real efficiency’"]

Wlgs) _ % 0o
dg dq ds* 0q
~~ S——

direct effect>0  indirect effect<0

2TNote, the ex-ante profit function here is characterized as ((g; s*) instead of ((2*) as in the main text.
In fact, the precise formulation of ex-ante profits is ((q; 2*(q, s*), s*(q, 2*)).
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Figure 3: Equilibrium nondisclosure beliefs and regions
The blue curves represent the nondisclosure belief thresholds 1 — s* and s*. The shaded region
represents the equilibrium nondisclosure region Q*.

Combined, real efficiency decreases in q, %jj*) <0, ifq€(q,1) and k € [1k).

Intuitively, holding constant the disclosure equilibrium s*, an increase of ¢ results in the
manager being more likely to receive private information according to the internal signal
technology described by f(s). Thus, on average, the manager bases her investment decision
on more internal information, while the amount of information from the market is kept
constant. Given that the profit of the growth option in convex in the manager’s belief, this
increases ex-ante profits and thus real efficiency.

Whenever the manager discloses her information optimally, that is, as in Proposition [T}
an increase in ¢ changes the disclosure equilibrium. In particular, as implied by Proposition
part ii), the manager type that is indifferent between disclosing or not is pushed away from %
Ultimately, this leads to a reduction of the degree of feedback all nondisclosing manager types
receive. In effect, the newly disclosing types strengthen the negative information spillover
effect. Therefore, as Proposition [4 shows, an increase in ¢ leads to a negative indirect effect.

Figure [3] displays the the disclosure equilibrium along ¢. The nondisclosure region 2* is

decreasing while the nondisclosure belief s* > 1/2 is increasing in ¢ in line with Proposition
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ii). The indirect effect is driven by the extent of how ¢ changes the nondisclosure belief
e = s*. Especially for high ¢, the equilibrium nondisclosure belief s* changes dramatically.
The result is a large negative indirect effect as the information the manager can extract
from the market is distorted to a large extent. Thus, if the feedback-providing role of the
market is sufficiently important for the manager, the negative indirect effect may outweigh
the positive direct effect of an increase in ¢. Indeed, for £ not too large, the market is
sufficiently informative which, in combination with a sufficiently high ¢, results in decreasing
real efficiency along q.

Another potential counter-intuitive result that follows from the inability to commit to a
disclosure policy relates to the implication different incentives have on real efficiency. In fact,
the next section shows that a disclosure policy based on short-term incentives can dominate

the equilibrium disclosure policy in terms of real efficiency.

6.1.2 Comparison with short-term incentives

Neither the manager, nor shareholders have power to commit to a disclosure policy. How-
ever, in the model, shareholders have two means of incentivizing the manager which drive
equilbrium disclosure choices and therefore real efficiency. First, the stock price that realizes
at the end of t = 2 and second the profit from the scale investment realized in ¢ = 4P In the
following, I will refer to the first as short-term and to the latter as long-term incentives@
Essentially, the disclosure equilibrium I have characterized in Section [5results from long-

term incentives. Conditional on having received an internal signal s, the manager discloses

28The manager has no means of influencing the payoff from the assets in place. Thus, it does not make
sense to use these payoffs in incentivizing the manager.

29The term long-term incentive needs some discussion in my model. Long-term incentive are, in principle,
defined as incentives maximizing long-term profits. In contrast to the standard contracting literature, the
inefficiencies in my model do not arise due to frictions in the investment behavior of the manager but because
of a disclosure strategy eliciting a potentially inefficient amount of feedback. While in other models it is
usually sufficient to eliminate investment frictions by writing contracts on the long-term profits, this is not
the case in my model. Thus, while the term long-term incentives usually implies both contracting on the
long-term profit as well as long-term efficient investment, this dual connotation does not hold in my case.
Here, the term long-term just means incentives based on the long-term growth option’s payoff without an
implication of efficiency.
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or conceals her signal to elicit as much feedback as possible and invests optimally given the
combined information from the internal signal and market feedback.

Now, what disclosure equilibrium occurs if the manager does not care about the invest-
ment in the growth opportunity and just tries to maximize valuation in the stock market in

t = 27 Lemma [2| characterizes the disclosure equilibrium with short-term incentives.

Lemma 2 (Disclosure Equilibrium with Short-Term Incentives) In the disclosure game
where the manager maximizes her expected stock price, the unique disclosure equilibrium is
characterized by Qe = Q = [0, s%p]. The manager conceals all signals s < s§p and discloses
them otherwise. sy is the unique minimum nondisclosure belief which can be induced by

any disclosure policy €.

Lemma [2| is an extension of Frenkel et al.’s (2020) Proposition 3 with endogenous infor-
mation acquisition by the informed trader, which itself is an extension of Dye| [1985], |Jung
and Kwon| [1988], and |Acharya et al.| [2011].

The nondisclosure belief is characterized by Equation [3| with © = [0, s%,]. As is standard
in equilibria with threshold strategies, the manager with internal information s = s§, is
indifferent between disclosing or not, as the nondisclosure belief is jiz = s%;. Thus, all
managers with signals s < s§, withhold while s > s§, disclose their signals.

The disclosure strategy maximizes the expected stock price realizing in ¢ = 2. However,
even though not taken into account by the myopic manager, her disclosure choice has an
impact on price informativeness. In particular, after observing the stock price, the manager
updates her belief and faces the opportunity to invest in the growth option.

Note the difference between short-term and long-term incentives in terms of the manager’s
decisions. In the absence of any standard agency frictions, the manager with short-term in-
centives is indifferent between all investment decisions I. Therefore, I assume the manager
always invests in a profit-maximizing way. Thus, the only difference between the two incen-

tive schemes arises in terms of the disclosure strategy. Whereas short-term incentives induces
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Figure 4: Disclosure equilibria given short-term incentives 2§, and long-term incentives 2*

the manager to maximize the firm’s valuation given her private information, for long-term
incentives the manager maximizes the information she can extract from the market with her
disclosure decision. Therefore, any efficiency comparison between short-term and long-term
incentives discussed here abstracts away from standard investment inefficiencies induced by
short-term incentivesPY]

Figure [] illustrates the different disclosure equilibria (0§, and Q* given short-term and
long-term incentives, respectively.

While long-term incentives maximize stock price informativeness and the feedback gen-
eration by market prices, they do so only ex-post. As already mentioned, this results in a
real inefficiency from an ex-ante perspective.

Despite aiming at maximizing short-term valuation in the market, the disclosure policy
that follows from short-term incentives 2%, also shapes price informativeness and thus mat-
ters for RE. In fact, as Proposition [5| in combination with Corollary (1| shows, there exist

situations where a short-term contract is preferable in terms of real efficiency.

Proposition 5 (Higher RE with Short-term Incentives than Full Nondisclosure)

The disclosure policy induced by short-term incentives results in higher real efficiency than

30See, e.g., Narayanan| [1985], |Stein| [1989], Bebchuk and Stole| [1993], or Ben-Porath et al.| [2018].

34



full nondisclosure, that is ((5p) > C(Q7), iff ¢ € (0,¢°T).

The intuition behind the result in Proposition [5] is similar to the one associated with
Proposition 3 As Figure [ illustrates, for not too high ¢, the short-term policy induces a
higher degree of feedback conditional on nondisclosure compared to a policy of full nondis-
closure. By that, all s € (0, 2) receive a higher degree of feedback under Q% than under
Qnp. Their joint probability-weighted marginal benefit of feedback outweighs the one of
types s € (%, 1) who benefit under a full nondisclosure policy. Therefore, for ¢ < ¢°7, the

short-term policy dominates a policy of full nondisclosure in terms of real efficiency.

Corollary 1 For q € (0,¢°T), the disclosure policy induced by short-term incentives results

in higher real efficiency than the policy induced by long-term incentives.

The same reasoning also applies when comparing the long-term with the short-term
disclosure policy. As Figure{|illustrates, s, is almost everywhere closer to 1/2 than s* which
implies that in these situations the nondisclosing types receive higher feedback under the
short-term compared to the long-term disclosure policy. The voluntary disclosing behavior
of some manager types given long-term incentives results in an information spillover effect
which reduces z*(u}). In contrast, under short-term incentives, the negative consequences
of the information spillover effect is less severe or even becomes positive. Take for instance
the region where s, > 1/2. In this situation, nondisclosing types would benefit from more
disclosure from high manager types as this would push the nondisclosure belief ever closer
to 1/2 and thus increase stock market feedback. Thus, voluntary disclosure given short-term
incentives may even result in an information spillover effect which increases feedback after
nondisclosure.

For a large enough ¢, however, the consequence of the spillover effect turns negative as
the short-term equilibrium approaches unraveling and the nondisclosure belief moves further
away from 1/2. Thus, for ¢ € (¢°7, 1), the advantage of a long-term policy dominates. In

particular, for large enough ¢, the probability that typesin s € [s*, 1] realize is quite high and
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therefore their marginal benefit of feedback matter to a large extent for overall efficiency.
In these situations the disclosure policy given long-term incentives ensures more efficient
feedback compared to the short-term policy.

As the results in this section show, the implications of different disclosure policies on real
efficiency are rather nuanced and generate potentially counter-intuitive results. In the next
section I turn to another commonly used efficiency measure, market efficiency, and study

the implications of the described disclosure policies.

6.2 Market Efficiency

Proposition 6 (Market Efficiency) The disclosure policies can be ranked in terms of

market efficiency as follows:

ME(Qyp) < ME(Q) < ME(Qy) < ME(Qpp).

Proposition [0] captures the widely acknowledged market efficiency aspect of better dis-
closure. Among all disclosure policies, full disclosure maximizes and full nondisclosure mini-
mizes market efficiency as the former (latter) results in the lowest (highest) expected payoff
variance V' conditional on the disclosure outcome d and resulting stock price.

The expected conditional variance of the long-term disclosure policies is higher than of the
short-term policy. Due to the pooling of “corner types” by nondisclosure and the disclosure
of “middle” types s € (1—s*,s*), the expected conditional variance induced by the long-term
disclosure policy is higher than under the short-term policy. Under the short-term disclosure
policy, the pooling of nondisclosing types features only one region and disclosure occurs at
relatively certain types, i.e. s € (s§p, 1] as opposed to types in the middle region as in the
long-term disclosure policy. Combined, the overall average expected variance is lower for the
short-term disclosure policy which results in higher market efficiency.

Again, market efficiency is directly related to the expected conditional payoff variance a
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disclosure policy induces. As the intensity of informed trading z* is linearly increasing in
the pay-of variance (see Lemma [1]), the disclosure policy that induces the highest expected
conditional variance also induces the highest degree of informed trading and most informa-
tive stock prices in expectations. While important for real efficiency, it also matters how
the degree of information acquisition of traders is distributed among the manager’s private
information states. Therefore, while the full nondisclosure policy induces the highest degree
of expected information acquisition it does not necessarily imply that the nondisclosure pol-
icy dominates in terms of real efficiency. Therefore, the model stresses a general disconnect
between market and efficiency measures. In particular, even if disclosure policies can be
ranked in terms of market efficiency, implications for real efficiency do not need to follow.
The next section summarizes the theoretical insights of the model and provides corre-

sponding empirical implications.

7 Empirical Implications

The implications of the disclosure equilibrium may be interpreted literally and figuratively.
The former view compares voluntarily disclosing firms with nondisclosing ones. In contrast,
taking the model’s implications figuratively means that firms with precise internal informa-

I

tion disclose their private information with some added “noise,” which increases uncertainty
of market participants relative to disclosing the internal information without noise. Remem-
ber, in equilibrium, firms with precise information (i.e., close to the conclusive signal of s = 0
or s = 1) pool by choosing “nondisclosure” and thus add endogenous noise to their private
information. Here, I discuss the empirical implication under a literal interpretation; however,
the same predictions follow under the figurative view.

The model speaks to several different empirical findings in the literature and provides

associated predictions.

Post-disclosure price effects:
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While the bulk of the theoretical literaturd®)| predicts that firms voluntarily disclose their
private information to improve their market valuation, the empirical evidence of market
reactions upon disclosure is rather mixed (see, e.g., Frankel et al.| [1995], Lang and Lundholm
[2000], and Kothari et al. [2006] for a positive valuation effect of voluntary disclosure and
Kross et al.| [2011] and |Anilowski et al.| [2007] for studies finding a negative market reaction).
As Proposition [I| shows, the disclosure threshold s* in equilibrium is always higher than the
prior belief if the manager tries to maximize the feedback from financial markets. Thus, for
manager types s € (1 — s*,2/3), the voluntary disclosure of the internal information leads
to a decrease in the public belief and ultimately an expected decrease of the stock price.
Similarly, all types s € (2/3,s*) who disclose in equilibrium induce a higher stock price on
average. Thus, if the manager uses voluntary disclosure to induce stock market feedback,
the enduring empirical regularity of mixed market reactions upon voluntary disclosure can
be explained.

Post-disclosure measures of uncertainty:

The second empirical implication refers to the posterior uncertainty upon disclosure. In the
model, the manager discloses only if the resulting uncertainty in the market is higher relative
to nondisclosure. Neururer et al|[2016] and Hann et al. [2019] find that the disclosure of
earnings innovations may increase or decrease the uncertainty in the market depending on
the signal that is being published. This also holds in the equilibrium Q*, as post-disclosure
uncertainty may increase (for disclosing types s € (1/3,2/3)) or decrease (for disclosing types
se€ (1—s%1/3)U(2/3,s")) relative to the prior uncertainty. Admittedly, as opposed to my
model, Neururer et al.| [2016] and [Hann et al.| [2019] consider a mandatory disclosure setting,.
Nevertheless, the findings by those two papers confirm my modeling choices of a binary asset
payoff and a continuous distribution of the manager’s internal information, which implies
that uncertainty may increase or decrease post-disclosure, depending on the specific signal

being disclosed.

31Gee, e.g., Dye [1985], Verrecchial [1983], and the literature that followed.
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In addition, my model also speaks to uncertainty measures after voluntary nondisclosure.
Given the information spillover effect discussed in Proposition [2| uncertainty after nondis-
closure is expected to be lower than the prior uncertainty (uo(1 — po) > ph(1 — pk)) and
lower than the average uncertainty after disclosure.

Post-disclosure information acquisition efforts of traders:

Third, the model implies that the manager’s voluntary disclosure has a direct impact on the
information acquisition efforts of market participants. Importantly, the model implies that
the degree of information acquisition is increasing in the post-disclosure level of uncertainty.
Despite considering mandatory disclosure, the findings by Wang| [2020] are consistent with
this association. In particular, he documents higher downloading activity by traders of com-
pany filings through the EDGAR system if the firm’s filing is “more surprising” and thus
can be expected to be associated with higher levels of post-disclosure uncertainty.

Post-disclosure measures of informed trading:

The fourth empirical implication is an average increase of informed trading measured after
voluntary disclosure. Most related to the mechanism in my paper is the setting studied by
Jayaraman and Wu, [2019b]. They analyze the role of voluntary CAPEX forecasts disclosure
on the feedback-providing role of a firm’s stock price. Because they do not take into account
the voluntary nature of the disclosure decision, the sample does not contain nondisclosing
firms and their respective CAPEX. My model predicts that the average uncertainty in the
market is higher after disclosure than after nondisclosure; driven by the information spillover
effect of Proposition [2 This ultimately leads to a higher degree of informed trading, higher
investment sensitivity to stock market price changes, and gains in investment efficiency for
disclosing compared to withholding firms.

Unfortunately, Jayaraman and Wu [2019b] do not study the effects of voluntary disclo-
sure on market uncertainty, but rather focus directly on measures of informed trading. They
show that measures of information asymmetry around a [-2,2] day window around the dis-

closure increase, which they interpret as an indication of informed trading. Admittedly, it is
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an empirical challenge to cleanly disentangle the predicted effect of an uncertainty increas-
ing effect of disclosure with the shown effect of increases in measures of informed trading.
However, doing so would corroborate the findings by [Jayaraman and Wul [2019b] and help
us to better understand the economic link between voluntary disclosure and the feedback
effect.

Relatedly, Badia et al. [2020] study a mandatory risk-disclosure setting, where oil and
gas exploration firms are mandated to disclose information regarding fluctuations of their oil
and gas reserves. They show that the disclosure of more uncertain reserve values leads to
increases in bid-asks spreads, indicative of higher informed trading activities.

Association between market and real efficiency:

Finally, the model implies that using market efficiency measures as a proxy for real effi-
ciency is generally inappropriate when taking into account the endogenous nature of disclo-
sure aimed at enhancing the manager’s information for investment purposes. Because the
manager wants to incentivize information acquisition by the strategic trader, the disclosure
decision actively increases uncertainty and by that reduces market efficiency. Ultimately,
the strategic trader acquires more information, and the manager learns more from the stock
price. Therefore, whenever the manager uses her disclosure decision to improve investment-
making, market efficiency and real efficiency tend to move in opposite directions. One may
expect that the relationship that follows from this line of reasoning is that real efficiency is
maximized when market efficiency is minimized. Indeed, a full nondisclosure policy max-
imizes average uncertainty in the market prior to the trading stage and thus induces the
highest degree of average information acquisition by the strategic trader. The high average
degree of informed trading, however, is not sufficient to compensate for the lack of informa-
tion provided by the firm, and thus a full nondisclosure policy minimizes market efficiency.

However, a full nondisclosure policy is not maximizing real efficiency. What matters
for real efficiency is not the average amount of feedback provided by the stock market,

but the probability-weighted marginal value of feedback; taking into account the manager’s
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internal information and the probability that the manager ends up in this specific information
sate. Therefore, even if disclosure policies can be ranked in terms of their market efficiency
implications, there is not a direct mapping to real efficiency. While the insight that the
notions of market and real efficiency do not have to coincide is not new, this paper adds
the perspective that the divergence of the two efficiency notions is partly driven by the
distortions caused by voluntary disclosure.

Jayaraman and Wu highlight this nuanced perspective on real efficiency in two related
papers where they study the feedback effect implications of voluntary (Jayaraman and Wu
[2019Db]) and mandatory (Jayaraman and Wul [2019a]) disclosure. Overall, they highlight a
decrease in investment efficiency of mandatory disclosure and an increase in investment effi-
ciency, given voluntary disclosure. These results are in line with my model (see Proposition
3), which predicts that the equilibrium voluntary policy dominates a policy of mandated full
disclosure.

Thus, while the literature highlights several costs and benefits of disclosure (see Leuz and
Wysocki| [2016]), this paper highlights that it may come at the cost of reducing real efficiency

in a nuanced way.

8 Conclusion

The model I present analyzes the role of a firm’s voluntary disclosure to shape the infor-
mation environment of market participants and thus the feedback-providing role of its own
stock price. In particular, the model is relevant for voluntary firm communication of future
investment plans, growth strategies, and discussions of drivers of future profitability, in order
to gauge the market’s view on those items.

The disclosure equilibrium features partial disclosure, where the manager discloses or
conceals her private information, depending on how her signal’s communication influences

price informativeness. While voluntary disclosure results in relatively informative prices, it
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creates an information spillover effect encroaching on the learning ability of manager types
who choose to withhold their signals. In particular, Proposition [2|shows that the information
spillover has negative consequences for the feedback-providing role of the market conditional
on nondisclosure. Therefore, while voluntary disclosure causes price informativeness to be
high after disclosure, it reduces price informativeness upon nondisclosure. Notably, the
manager’s voluntary disclosing behavior in equilibrium results in an average decline of price
informativeness and therefore harms the market’s feedback-providing role. This inefficiency
caused by voluntary disclosure is at the heart at the paper and generates three main insights.

First, despite having a direct positive effect on investment-making, improving the man-
ager’s ability to learn from internal sources may backfire and reduce overall investment effi-
ciency. By equipping the manager with better internal information, the negative information
spillover effect is strengthened and, if strong enough, may reduce overall real efficiency.

Second, the investment inefficiency in the model arises because neither the manager nor
the firm owners can commit to a particular disclosure policy. Therefore, long-term incentives
do not help to restore efficient investment. Quite to the contrary. Because the manager cares
about the profit of the growth option, she engages in ex-post optimal, but ex-ante inefficient
voluntary disclosure. Thus, the paper highlights a novel efficiency cost of long-term incen-
tives. In addition, the model highlight the role of incentives beyond standard implications
for agency conflicts. Because incentives matter for the manager’s equilibrium-disclosing be-
havior, they influence the extent to which decision-relevant information is reflected in the
stock price. Thus, incentives end up having a real effect because they influence the manager’s
ability to extract information from the market.

Third, the model highlights a nuanced disconnect between market and real efficiency
measures if voluntary disclosure is taken into account. Therefore, I caution researchers and

policymakers to extrapolate implications from market efficiency on real efficiency.
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A  Proofs

Proof of Lemmal(l] Start with a positively informed trader. His profits are 1 —1/2(P(2)+
P(0)) = 1/2(1 — p) > 0 if he buys, 1/2(P(0) + P(=2)) —1 = 1/2u — 1 < 0 if he sells, and
zero if he does not trade. Therefore, the strategic trader who knows V' = 1 always buys for
interior u. Equivalently, a trader who knows V' = 0 always sells as the expected profits from
selling are 1/2p > 0, whereas from buying are —1/2(1 + ) < 0 and not trading are 0. In
addition, the uninformed strategic trader always makes an expected loss when trading and
therefore abstains from trading.

Given the outlined trading strategy, the strategic trader’s objective function for the
information acquisition decision i rlp(l—=1/20+p) + (1 —p) (1/2(n+0))] — % with
the solution being z* = min <@, 1). For k < 1/4 given Assumption , x* € (0,1] for all
s € 0,1].

Given the speculator’s trading and information acquisition strategy, it is trivial to show

that the market maker’s conjectures are consistent with Bayes rule. m

The following lemma will provide useful in characterizing management’s incentives to

collect information from market prices.

Lemma 3 (Benefit of Feedback) Given a fized public belief 1, the expected return on the
growth option, V(s, 1), has the following properties:

1. It is strictly increasing in the manager’s private belief s;
2. it is strictly increasing in the information x of the strategic trader for s € (0,1); and

3. the marginal value of an increase in x is inverse U-shaped in s and symmetric around

s=1/2.
Proof of Lemma [3l
1.
Y
W =1/2x"(p) + 2s(1 — 1/22"(u)) > 0
2. and 3.
OU(s, 1)

_ 2
e =1/2(s—s5") >0

32The market maker conjectures that the strategic trader chose the outlined trading strategy. Naturally,
this conjecture is true in equilibrium.

43



Indeed, the marginal value of an increase in x is inverse U-shaped and symmetric around

s=1/2 as 8\1’6(;’“) = B‘P(la;s’“). ]

Proof of Proposition

Step 1: Types s = {0, 1} are indifferent:

Note that U(1, ) = 1/2 and ¥(0, ) = 0 and therefore are independent of the belief that d
induces. By the tie-breaking assumption, both types s = {0, 1} do not disclose.

Step 2: Return on growth option increasing in z:

As already mentioned in the text, the only impact the public belief has on the expected
return of the growth option is through the endogenous intensity of informed trading x. The
proof, that the expected return on the growth option is increasing in x can be found in the
proof of Lemma [3]

Step 3: Type s = 1/2 discloses.

By step 2, the expected return of the growth option is increasing in x. As z(u)* is maximized
at ;1 =1/2 (see Lemmal[I]), the manager wants to induce a belief as close to 1/2 as possible.
Hence, the manager type s = 1/2 always discloses if the nondisclosure belief is ug # 1/2.
For py = 1/2, type s = 1/2 is indifferent and by assumption does not disclose.

Step 4: Thresholds symmetric around s = 1/2.

Lemmal[l]tells us that 2* (p) is symmetric around g = 1/2 which means that z*(u) = 2*(1—p).
Type s; and s3 = 1—s; have the same incentive to disclose or withhold as both choices induces
the same amount of informed trading x(s;) = x(s,) after disclosure and after nondisclosure
x(pg). In addition, by Lemma |3, the marginal benefit of an increase in z is the same for s;
and sy. Therefore, if manager type s; prefers to disclose, manager type sy = 1 — s does so
too.

Step 5: Even number of interior thresholds.

Suppose to the contrary, that there exist an uneven number of interior thresholds. Step
4 tells us that, for every type s, there exists another type s, characterized by s = 1 — &
that has the exact same preferences to disclose or withhold. Thus, the number of interior
thresholds has to be even.

Step 6: At most two interior thresholds.

Suppose that there are more than two interior thresholds. Given that the thresholds types
are indifferent between disclosing or not all of the indifferent types have to induce the same
belief with disclosure and nondisclosure. However, as E[V|s] = s, the posterior belief is
strictly increasing in s. Thus the only way that ss induces the same belief as s is if so = 53
which proves that there can only exists two interior thresholds.

Step 7: Types s = {0+¢,1 — ¢} (with € > 0 arbitrarily small), never disclose.

44



Suppose that s; = € and s, = 1 — € with € > 0 being arbitrarily small. After nondisclosure,
(1—q)pot+q Jg sf(s)ds

(=q)+a [, f(s)ds
0 < pgy < 1 for any €. Therefore, there exists an € > 0 for which types s; = e and sy =1—¢

types s; and sy would receive the belief py = It is easy to see that
are better off not disclosing for all potential strategies of other types. Thus, there has to
exist a nondisclosure region for induced beliefs close to zero and one.

Step 8: Intermediate value theorem

Suppose, without loss of generality, that ;1o < 1/2. For some type 0 < s; < 1/2, the following
has to hold

po(1—q) +q [ Jy* sf(s)ds+ [, sf(s)ds}
(1—q)+ [fo ds—l—flS ds]

SIZMQZ

Now in the limit of s; — 0, the LHS is 0 while the RHS is po € (0,1/2). At the limit of
s1 — 1/2, the LHS is 1/2 while the RHS is uo € (0,1/2). By continuity of f(s), there exists
an Equilibrium for py < 1/2 which boils down sj. By step 4, the thresholds s7 and 1 — s}
yield the equilibrium pair of thresholds. Given step 6, this pair of interior thresholds defines
the unique equilibrium.

Note, s < po for py < % To see this, consider the first few iteration steps of determining
the equilibrium. Let’s start with a full nondisclosure policy €2 = [0, 1] which implies pg = 0.
Every type s € (uo, 1 — p19) has an incentive to disclose and induce a more uncertain belief
after disclosure compared to the uncertainty nondisclosure induces (u(1—p)). This implies
that the set of nondisclosing types will change to Q' = [0, uo] U [1 — o, 1]. Because all
disclosing types are larger than g, the new nondisclosure belief is reduced to uy < po. In
the next iteration step, all types s € (pug, po) U (1 — 1o, 1 — pfy) find it beneficial to deviate
from nondisclosure to disclosure. Thus, the new nondisclosure set changes to = [0, ul,] U
[1 — pl,1]. Again, as all newly disclosing types are larger than the current nondisclosure
belief p,, the updated nondisclosure belief p; diminishes even further. This iteration process
continues until the fixed-point highlighted in the proposition is found. It is easy to see, that
every iteration process reduces the nondisclosure belief even further. By that u} = s7 < po
for o < %

For pp > 1/2, the unique pair of equilibrium thresholds sj and 1 — s} is defined by

(1—q)uo—|—q(f stf ds—l—f sf
(1—q) +a(fy " f(s)ds + [ f(s

*_
So9 =

It is easy to apply the arguments from above to show that p}, = s5 > % for pg > %
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For uo = 1/2, the unique disclosure equilibrium is Q* = [0, 1]. As the nondisclosure belief
is at 1/2, no type benefits from deviating from nondisclosure. As for s < pg for pg < %, one
can easily show that sj > po for py > %

Given that the equilibrium definition does not specify off-equilibrium beliefs, there always
exists an unraveling equilibrium for ¢ = 1. However, there also exists an equilibrium of the
form shown in the proposition for ¢ = 1 given that f(1) > 0 for po < 1/2 or f(0) > 0 for
to > 1/2. To see this rewrite the equilibrium condition for py < 1/2 for ¢ = 1:

s7 1
fo sfdsqul_sT sfds‘
ol fds+ [ fds

51 =

For s — 0, the LHS is 0 while the RHS is % > 0 after applying L‘Hospital’s rule.
Thus, whenever f(1) > 0, the LHS is 0 while the RHS is positive. For sj — 1/2 the LHS is
1/2 while the RHS is po < 1/2. Thus there has to exist a s € (0, yg) whenever f(1) > 0.
For f(1) = 0, the equilibrium is characterized by s; = 0 and thus features full disclosure.
Similarly, for 1o > 1/2 there is full disclosure whenever f(0) = 0. For f(0) > 0, the disclo-

sure equilibrium is characterized by s} € (g, 1). =

Proof of Proposition [2| . Part i): The statement follows from the equilibrium property
that s7 < po < % and s5 > po > % combined with Lemma .
Part ii): Consider the equilibrium condition for ug < 1/2:
N 1
to(l—q) +q [fo sf(s)ds + fl—s*{ sf(s)ds}
(L=q)+q[fyT Fs)ds + [ f(s)ds]

*_ —_—
S1= Ho =
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A change in ¢ results in:

Ao 5 ! ) \
8Lq x (—uo + /0 sfds + /1_3* sfds) (1—q+qF(s})+1—F(1—s))))

1

—(ﬂ—@ﬂm+q(A%&M&+Zf#%>)UWﬁ%—FU—SD)

= [Vspas e [ sfds = m(P(sD) PO -5+ 1)
0 1

*
—s7

:/;SI fds (/0 sfds+/118* sfds> —/:ST sfds (/O fdﬁ/lls* fds)

1 1 1

=Mﬂ—ﬁ%%@m(ﬁﬂﬁ—éﬁﬂwﬂ—ﬂ—ﬂﬂkﬂﬁ—[ mﬁ

*
—s7

—G—FO—$+F@W(ﬂ—ﬁWﬂ—ﬁ%wH%D—/_ﬁM%

*
1

—F(s) — (1= ) F(1— 8%) + (F(1— 8%) — F(s7)) (1 _ /0 fds — /1 *fds)

*

L= FO—s)+ F(s;))/ T ras

*
1

:%H%D—ﬂ—ﬁﬁﬂfwﬁ+lkﬁﬂw—ﬁﬂ—wﬁ—F@D<Av@—&)

LjﬁqquIsDFéngévwl)

1 /

=—pig

Note that E[S|s € (s},1 — s})] = (F(1 — s}) — F(s}))! f;{si‘ sfds. Thus the last line can

be rewritten as:

%faﬁmwa—HﬁMm—EWbeﬁﬂ_ﬁm'

~
>0 as s7<1/2

I am therefore left to show the sign of py — E[S|s € [s3,1 — si]].
By the law of iterated expectations, the following has to hold:

po = Pr(d = s)E[S]|s € (s],1 —s])] + Pr(d = @)s]
o — E[S]s € (5,1 — 7)) = Pr(d = 2) (s} — E[S]s € (3,1~ 7))
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Clearly, the RHS of this equation is negative as all s 6 (si‘7 1 — s7) are larger than s7.
Therefore, the LHS is also negative which implies that %2 < 0. Therefore for pg < =, the

(H’z)

nondisclosure belief s is deereasmg in ¢ which glven Lemma anhes < 0.

()<o

A similar calculation for py > 5 L shows that 2 > 0 and thus 2

Part iii): Any disclosure pohcy Q2 induces a dlstrlbutlon of posterlor beliefs p (i.e. either
s or pgz) and thus equivalently induces a distribution of z*(x). Given Lemma [1} z*(p) is
concave in the belief u.

By Jensen’s inequality, Eq—p 1[z*] = #*(10) > Eq-[z*]. The left part of the inequality
represents the ex-ante expected degree of feedback given a policy of full nondisclosure €2 =
[0,1]. The right part of the inequality denotes the ex-ante expected degree of feedback given
the equilibrium disclosure policy 2*.

]

Proof of Proposition
Step 1, ((Qrp) > ((Qnp):
Let’s start with comparing Qpp with Qnp.

Suppose, contrary to the proposition’s statement, that ((Qrp) > ((Qnp). This implies,

¢(Qrp) —C(QNp) >0

<:>/ (s,s) ds—/o U(s, po)f(s)ds >0

9 1
& 2(1 — 5)%s%ds — 3 2(1 — s)s%ds > 0

which is a contradiction.

Step 2: ((Qnvp) > C(Q%):
Given Assumption [3| the equilibrium nondisclosure belief is

(1= q)2/3+q (Jy " sf(s)ds + [ sf()ds)
(L =a)+a(fy* f)ds+ [ F(s)ds)

20 -9 +q(1-a+(1-0a”)
TS re((— 0+ (1)
3a—2—(2—a)(l—2a)’q

3(2a—1)g—3 (6)

g(a,q) = a=

0=

where h(a = s*,q) = 0 boils down the equilibrium.
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Next, let’s compare 2yp with %,

hlg) =¢(Owp) — ()
~(1= ) w/3.2/3) + W(5,2/3) (s — (1 — B2/, 1)
o [ v [ ws s + / o) )05
h(q)4k =(1 — 9)2/9(2/9 — (1 — 1)) (2/9/ (1— ) f(s)ds
(1= ) (/01 s(1—s)f ds+/ (1—8)f
— (= )2/9+2) (2/9 = io(1 — o))
v ([ o= a1 = o) = o1 = ) 1505

:éq (2/9—(1—5")s") +2/9(1—¢) (2/9— (1 —5) ")

+ %q ((s")? =5 —1) (25" — 1)°,

®

s) _ /1_ $2(1 s)zf(s)ds)

where in the last line I explicitly solve for the integrals and insert the equilibrium nondis-

closure belief j1y = s
From Proposition [I] we know that s* > 2/3. Thus, for ¢(Qxp) < ((Q),

h(g) <0

@2 <s" <5
3
with 5(a) being the solution to 40+17¢—2(90—q)a+40(2+q)a®+270¢13 —540¢s* +216¢4s>=0.
Comparing this condition with the equilibrium condition for s* in Equation [6] that is,
s* () = 0= —=2(1+q) + (3+ 99)x — 12qz* + 4qx>, it is easy to show that s*(z) < § is not
feasible.

Step 3: ((Qpp) < ((Q*):
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As in step 2, consider:

ha(q) =C(2rp) — C(27)

—(1— g)U(/3./3) +q / (s, ) f(s)ds — (1 — q)¥(/3, o)

» (/Ol_szqf(s,u@)f(s)ds+/i; xy(s,s)f(S)ds+/1\If(s>u@)f(8)d3>

* *
1-s3 s

Ahh(g) =(1 — )2/9(2/9 — (1 — ) + 4 ( / 21— ) f(s)ds

— (1 — ) (/0 e s(1—s)f(s)ds + / s(1— s)f(s)ds> _ /:2 0 3)2f(3)d8>

2
=((1=4)2/9) (2/9 = po(1 — po))
1 1— %
s 5= P [ - (1 o) = sl = ) ()
30 6 s
=2/9(1 —q) (2/9— (1 = s7)s7)
1 *\ 2 * * 3 1 1 * *
+%q((s) s =1) 25 -1’ +q|==—=(1—-5%s
In order for ha(q) > 0, s* € (8,1] with §(z) being the solution to 20 + 7q — 45(2 + q)z +
35(2 + q)z* + 135qx® — 270qx* + 108¢x5. Tt is easy to show that s* < §(z) for all ¢ which
contradicts hy(g) > 0.
]

Proof of Proposition

The real efficiency of the disclosure equilibrium is:
1-s* s* 1
clasnz) == 0/ +a ([ wees@iss [ v+ [ wepenn)
0 1—s* s*

-0 (5 + rometi— ) +a (5 [ s
[ s anet - pris+ [0 spreas [
=) (g5 + gapnett =) ) +a (5 [ s

b et =) [ s+ [ =06 -9 - el = e s)as) ).

where the second equations plugs in the equilibrium degree of information acquisition of the

1

(1 — s>2f(s>dsD

—g8*
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strategic trader z*(pu) = %. Now, the direct effect can be shown to be:

g—g :ﬁ [Mg(l — pg)/o s(1—s)f(s)ds+ /:2 s(1 —5)(s(1 —s) — pus(l — pg)) f(s)ds

— (1 = po)po(l = po) | + %/0 s f(s)ds — %uﬁ
:ﬁ [éﬂ@(l — lg) + /1_283 s(1—=38)(s(1—58) — px(l — pg))f(s)ds| + %

1|1 1 1

where I explicitly calculated the integrals and used the fact that in equilibrium s* = pg.

1

Given Proposition (1| which implies s* > 2/3 for and the assumption on k > 7,

verify that g—g > 0.

it is easy to

Next, consider the indirect benefit:

¢ Ops Opio [<1—q>2
= Z(1-2

4k 9
v I (u ~2ue) [ 51816+ (1 =20) [ s1-9)f <3>>]

—S

:a;qg (1 —42#@) ((1 — C])g +4q (/0 —s3 s(1—s)f(s)ds + /S s(1 — s)f(s)ds)) .

2
(. J/
~~

>0

. .. 9 d .. . .
According to Proposition ,8#; > 0. Then, d—g < 0 follows as Proposition [1| implies
Y= g > %

Next, combine the direct effect with the indirect effect to analyze the combined effect of

a change in ¢ on real efficiency.
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aC_0¢ | 0¢ O
dg O0q Opy dq

1 (1 1 1
= | Zpuy(1 = —(1 1— 2y — 13| + =
e {6“6( N@)+'30< 4‘#@( N@»( Mz )} +»36

+ 85;@ (1 _4/?%) ((1 —9)2/94q (/01 s(1— 5)f(s)ds + /: s(1— S)f(s)d5>)

*

—o5 3 et = ) + 55 (1 a1 = ) (2o — 1)

36 4k |6 30
# 22 (1 ) 50+ 20a)1 = e+ 27901 - ) | )

Note that the partial derivative of ¢ with respect to uy can be written as:

Oug  25%(s*(3 —2s*) — 1)
0g  3(1—(2a—1)q)?

Plugging this term into Equation |7| results in in g—g being a seventh-order polynomial in
piz. From the proof of Proposition [I, we know that ug is itself the root of a third-order
polynomial. Therefore, showing that 85‘—; < 0 given the equilibrium pg is tedious, but
results in the claimed parameter restriction of ¢ € (g, 1) and k € [%‘, k). In fact, k = % while

¢(z) is the solution to

0 = — 693279 + 5314410k + (21490 — 413100k)x + (655625 — 5246550k )22
+ (50400 — 1699200k + 10368000k%)2* + (—191700 + 3094200k — 12700800k> + 1728000%%)2

Proof of Lemma [2 The incentives of the manager are such that she wants to maximize
the expected stock price in t = 2. For now, let’s ignore the trading stage in ¢ = 2 and suppose
the stock price is set to the expected value of the asset conditional on the public belief induced
after the disclosure stage. The next lemma characterizes the disclosure equilibrium in such

a situation.

Lemma 4 (Disclosure to maximize market beliefs) In the disclosure game where the

manager maximizes the market belief, the unique disclosure equilibrium is characterized by
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Q= [0,s*]. The disclosure threshold s* is given by the condition:

o= (1 —q)po + qPr(s < s"E[V]s < s*] _ (1 —q)po + qfos* sf(s)ds @)
(1—q)+gqPr(s <s¥) (1—¢q)+ qfos* f(s)ds

Given f(s) =2s and po = %, define

2-2(1- a®)q)
9la) = 3-3(1—a?)q ¢
2-3a—(1-a)*(2+a)g
B 3—3(1—a?)q ' ©)

The equilibrium is boiled down by g(a = s§) = 0.
Proof of Lemma The proof of the lemma is analogous to Dye [1985], |[Jung and Kwon
[1988], and Acharya et al. [2011]. m

Now let’s go back to the full model and consider the incentives of the manager to maximize
the expected stock price in t = 2.

The manager attaches the following probabilities to potential asset demands z and the

associated stock prices P(z) given a public belief of u:

(1/21’*(/;)3, for z = {1,1}
Pr(z]s) = 1/22*(n)(1 —s), for z={-1,—-1} 10)
1/2(1 — a*(p)), for z={0,-}
\1/29:*(,11), for z = {—1,1}.

Given the equilibrium prices outlined in Lemmal[l], it is easy to see that the law of iterated
expectations applies when the manager disclosed her signal. Thus, the manager expects the
price to be s. That is, E[P(z, s)|s| = E[E[V s, z||s] = E[V|s] =

Suppose the market belief after nondisclosure is ug. The equilibrium is boiled down by
the type s for whom s = . As the law of iterated expectations applies after disclosure and
nondisclosure for type s = ug, the expected stock price is s either way.

For s # ug, the manager’s expected stock price conditional on nondisclosure is charac-

terized by
E[P(z, po)|s] = E[E[V |z, pe]l ZPT

which is a function of the manager’s not disclosed private type s and the market belief
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conditional on nondisclosure pg. The law of iterated expectations does not apply here, as
the manager conditions on belief s while both the market maker and strategic trader use pigy
for their price setting and information acquisition decision, respectively. Using the manager’s
assessed probabilities in Equation[I0Jand the equilibrium prices in Lemmal[T], it is easy to show
that the derivative with respect to s of the expected stock price is W =1/2z*(p) < 1.
Therefore, all types s > uy (s < pg) prefer to disclose (conceal) their types.

Finally, given the equilibrium disclosure strategy is a threshold one, the belief conditional
on nondisclosure is defined by Equation [§ which is the same threshold as in the model where

the disclosure game is defined as maximizing market beliefs. m

Proof of Proposition Remember, Lemma [2 implies that short-term incentives lead to
a disclosure policy of the form Q% = [0, s§].

Let’s compare this policy with a full nondisclosure policy in terms of real efficiency:
C(Q57) = C(Qnp) =(1—q) (¥(2/3, s5p) — ¥(2/3,2/3)

+q (/OT \I/(s,ng)f(s)ds+/sl \Il(s,s)f(s)ds—/Ollll(s,s)f(s)ds>

*
ST

4k (C(Q2s7) — C(Qwvp)) =(1 = q) (2/9(s57(1 = s57) — 2/9))

tq ( [ s = 95501 = ) = 2005

*
ST

+ / s(1—s)(s(l—s)— 2/9)f(s)ds>
= (85r(1 = s57) —2/9)) (1 = 9)2/9 + ¢/6)

T+ ( / S(1— 8)(s(1 — 5) — k(1 - ng»f(s)ds) (11)

*
ST

Now consider the threshold belief s§;. of the short-term policy defined by Equation [9}
In order for short-term incentives to result in higher real efficiency than a full nondisclosure
policy, Equation [I5 has to be positive given s%; being the solution to Equation [ It can be
shown that both conditions hold for ¢ € (0,¢°T), where ¢°T (a) ~ 0.73 is the solutions to:

0 = 31000725 — 146458287a + 269722575a* — 2424543400 + 1087115250 — 22664325a° + 2142100a°.

]
Proof of Corollary [1, The corollary follows from Proposition [3] and Proposition 5] m
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Proof of Proposition[6} For any public belief i after the disclosure outcome, the variance
of V' conditional on the price is Var(V|P) = 0 for prices of P € {0,1} and Var(V|P) =
w(1 — p) for a price of P = p.

Taking the expectation over the price realizations, in particular as a function of the

strategic trader’s information acquisition decision, gives:

E[Var(V|P)|d] = Pr(P = (1 — ) = (1 - éx*m) u(l - )

= (1 — %w) (1 —p).

where the last equality inserts the equilibrium degree of information acquisition of the strate-
gic trader z*(p) given in Lemma [1]

It is easy to see that E[Var(V|P)|d] is (strictly) concave for k > 1/4 (k > 1/4) for
any p € (0,1). Thus, by Jensen’s inequality, the full disclosure policy Qrp minimizes
Eq[Var(V|P,d)], whereas the full nondisclosure policy 2yp maximizes the expected condi-
tional variance. By the definition of M EF = —Eq [%&fid)], it follows that M E(Qpp) >
ME(Qxp)

Next, let’s compare market efficiency for short-term incentives with the full disclosure

policy.

ME(Qep) ~ ME(Q) =~ 5 [(1 g (1 - gik) 24 1 (1 S s>) S(1 - 8)f (s)ds

~( = g aF(s5)) (1 gpstell = si) ) s 1= sir)
o] o) -]
Sy = 5 (1 5 ) @ atss o+ g (M5 5a) (5

9 1 1 *  \4 27q * 5 3q * \6 9
T (5o (15 ) s+ 2okl - S~ 14 7

(12)

It can be shown that ME(Qprp) — ME(Q%,) < 0 only if s§ € [0,3) where § = s, sets
Equation [12] to zero. Given the condition for s%, in Equation [§, s§, > § which shows that
ME(Qrp) > ME(Qy).
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Next, let’s compare M E(Q2*) with M E(Qnp):

ME(Qup) - ME(Q) = — 2 F <1 _ i)

4 (6q 42 22561) () — % (i 4 q) (") + %(s*)? (13)

It can be shown that ME(Qyp) — ME(2*) > 0 only if s* € [2/3,5) where § = s* sets
Equation [13] to zero. Given the equilbrium condition for s* in Equation [0, s* > § which
shows that M E(Qyp) < ME(Q%;).

The same approach can be utilized to show that M E(Q%,) > ME(Q*) =

B Alternative internal signal distributions

In this appendix, I drop assumption[2Jand consider two alternative distributional assumptions

on the internal learning technology:

Assumption 3 (Linear pdf) The manager’s private signal s is distributed according to
f(s) =4 —6(s+ po(1—2s)) for py € [%, %]

Assumption 4 (Monotone pdf) The manager’s private signal s is distributed according

2(1— 2,2
to f(s) = % for o € (0,1).

In what follows, I repeat the analysis under Assumption and show analytically (nu-

merically) that the main results are robust to these alternative internal signal distributions.

B.1 Analytical solutions with Assumption

Lemma (1| and |3| are independent of the internal signal distribution. Proposition [1] holds for
any distributional assumption.
The next corollary shows the comparative statics of the equilibrium with respect to ¢

and .
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Corollary 2 (Comparative statics of Disclosure Equilibrium with respect to ¢ and 1)

The equilibrium nondisclosure region €0* is:
e decreasing (constant) in q for po # 1/2 (uo =1/2)
e and increasing (decreasing) in po for po < 1/2 (1o > 1/2)

Proof of Corollary
1. Comparative static with respect to ¢: Note, the statement that the equilibrium

nondisclosure region Q* is decreasing in ¢ is equivalent to the statement ii) of Proposition
da* (n%)
( dq =
2. Comparative static with respect to ug:

< 0). Therefore, the proof here follows from the proof of Proposition .

Given Assumption , we can rewrite the nondisclosure belief for py < 1/2 as:

(=)o +a (J57 s/ ()ds + i 5/ ()ds)

l—qg+gq (fosik f(s)ds + fll_s,{ f(s)ds)
_ ko ((2s1 —1)°q+1) — 257 (2(s7)° — 351 + 1) ¢
251 —q+ 1

hg =

It follows that the partial derivative with respect to py is:

Opo _ (251 =1)%¢+1) _
Ol 2s1 —q+1

. Thus, pg is increasing in pg for o < 1/2 which results in Q* = [0, s]]U[1 — s7, 1] increasing

in .

Similarly for g > 1/2:

Opg _ (283 — 1)3q—1 -
Guo 2s§—|—q—3

Thus, pg is increasing in pg for o > 1/2 which results in Q* = [0, 1 — s3] U [s3, 1] decreasing
in py. m

Proposition [3| also holds for Assumption [3]

Proof of Proposition [3] given Assumption [3]

Step 1, ((QFP) > ¢(QNP):

Let’s start with comparing QP with QP
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Suppose, contrary to the proposition’s statement, that ¢(QFP) > ¢(QNP). This implies,
C(QFP) — ¢(QVP) > 0
<:>/ (s,s) ds—/o W(s, po)f(s)ds >0
(:)/ 252 f (s ds—(1—u0)p0/01(1—s)sf(3)d320

___1_

which is a contradiction for all ug € [%
Step 2: ((QYP) = ¢(Q):
Next, let’s compare QP with Q*. Given Proposition , O = QNP for pg = % which implies
() = ¢(P).

Suppose o > %, then:

3’3]

hpo, q) =¢(Q™7) = ¢(Q")

—(1— )W (pt0, o) + 4 / (s, o) f(5)ds — (1 — q)U (s, i)

* *
) 2

—q ( [ wreas [7 wesas s [ s u@)f(é’)d8>

=(1 = q)po(1 — po)(po(1 — p1o) — pa(1 — pz)) + 4 <uo(1 — o) /01 s(1—s)f(s)ds

*

_ M@(l — ,uz) (/0 —s3 8(1 — S)f(S)dS + /* 8(1 - S)f(5>ds) . /132* 52(1 - s)Qf(s)dS>

= ((1 — @) po(l — po) + %) (to(1 = po) — po(1 — pig))

*

+q </182* s(1—8)(pe(l — pg) — s(1 — S))f(s)ds)

zéq (1= po) pro — (1 = 83) 83) + (1 = pao) pro(1 = ¢) (1 = o) o — (1 = 3) 85)
1

350 (59 = 53— 1) 25— 1)°,

where in the last line I solve the integral and insert the equilibrium nondisclosure belief
Hg = S5.
From Proposition [I] we know that s > 9. Together with the restriction in the supposi-

tion that u € (3, 3], one can show that h(uo,q) < 0 < s3 € (p0, §) with § being the solution
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to

0 =3045(1 — q) — 604 (1 — q) — 55 (Tq — 6) + Bpioq + g+
+ (30pg — 3010 — 30p5g + 30p0g — 10g) (s — s°) + 10gs® — 20gs* + 8¢s”.

From Proposition [T} we know that s} is the solution to

s3 = q (1 —2s5) (o +2 (20 — 1) (s3 = 1) 83) — ¢85 + p1o — 24(s3)*.

%, %], one can show that s} > §.

Therefore, ((Q¥P) — ¢(€2*) < 0 is not feasible which proves ((QV?) > ¢(Q*) for ug € (3, 3.
It is easy to repeat the calculations for py € [%, %), where again the parameters restrictions

are not feasible given the equilibrium s7. It thus follows that ((QYP) > ¢(*) for po € [3, 2.

Step 3: ((277) < (():

First, note that at po = 1, () = ((QVP) > ((QFP).

Suppose g > % Then, as in step 2, consider:

Given the parameter restrictions of the supposition py € (

ha(po, @) =C(Q7P) = ¢()

—(1— )V (s, o) + g / (s, 8)f(s)ds — (1 — g)¥ (po, )

* *
—S2 52

—q ( [ s [7 wesseas [ uts u@)f(S)d8>

—hQ(Z,(;’ 2 =(1 = q)po(1 = po)(po(1 — pio) — pe(l — pz)) + ¢ (/0 $2(1 — s)2f(s)ds

— (1 — pip) (/0 e s(1—s)f(s)ds+ /* s(1 — s)f(s)d5> _ /:2* s*(1 — 5)2f(5)d8>

2

=((1 = q@)po(1 = po)) (o(1 = o) — po(1 — pizy))
+q (% — M + /1 s(1—8)(pg(1 — pz) — s(1 — s))f(s)ds)

= (1 — po) po(1 — q) (1 — po) pro — (1 — 83) 85)

+%q((32)2—32—1) (252—1)3+q<%—6(1—52)52)

The parameter restriction of the supposition implies that in order for hs (g, q) > 0, s5 € (8, 1]
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with § being the solution to:

0 =4s°q — 10s*q + 53¢ — s° (15,u§(1 —q) — 15u0(1 — q) — 5q)
+ 5 (1505(1 — q) — 150(1 — q) — 5) + 15415(1 — q) — 30u(1 — @) + 1545(1 — q) + g

This condition, however, is incompatible with the equilibrium characterization of Proposition
[} Thus Ay (g, q) < 0 which implies that ¢(QFP) < () for po € [3, 2

2 3]'
Approaching similarly for py < 3, one can show that ((QFP) < ¢(Q*) also holds for
Mo < % |
Proposition [ also holds with Assumption
Proof of Proposition [4 with Assumption

Suppose fg > %, then real efficiency of the disclosure equilibrium is:

.
S2

Cai13) =(1 — W0, 1) + 4 ( | v s [ v s [ ‘I’(S,u@)f(S)dé”)

=(1-9q) (%uﬁ + ﬁug(l — po)pio(1 — /m)) +q (% /01 s*f(s)ds

1 s5 1
+_

L /0153 s(1 — 8)pug(1 — pg) f(s)ds +/1

s*(1 —s)?f(s)ds + /

.
S2

s*(1 — S)Zf(s)dsl )

*
—s3

=(1—q) (%uﬁ + ﬁug(l — iz ) po(1 — /Lo)) +4q (% /01 s*f(s)ds

.
52

1
+ —

1% “@(1_“®>/015(1—8)f(s)ds+/1

S(1 - 8)(s(1— s) — po(1 - u@))f(S)dSD ,

*
-85

where the second equations plugs in the equilibrium degree of information acquisition of the

strategic trader x*(u) = M(lT_M) Now, the direct effect can be shown to be:

%:ﬁ [M@(l—u@) / s(1—s)f(s)ds + / s(1 = 8)(s(1 = 5) = o1 — 1)) f(s)ds

*
—s3

I 1
— (1 — po)po(1 — po) | + 5/ s°f (s)ds = S ug
0

G [é“@(l el / (L= 3)(s(1 = ) = o1 — o)) f(s)ds| + 1)
(et = )+ 55 (a1 = ) (s — 1] - PP =

~ a4k |6 30 2 ’

where I explicitly calculated the integrals and used the fact that in equilibrium s§ = pg.
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Given Proposition I Wthh implies ug > po for pg > 5 ! and the assumption on k > 1 7, it s
easy to verify that gg > 0.

Next, consider the indirect benefit:

I Oy Opg {(1 —q)

Ops 0q  Oq
- ﬁ <<1 - 2/1@)/0 s(L—35)f(s) + (1 — 2u0) /1_ s(1 — s)f(s))]
(98;;@ (1 42#@) <(1 — q)po(1 — po) +q (/0 e s(1—s)f(s)ds+ / (1— S)f(s)ds))

According to Corollary , 85—;’ > 0 whenever pg > % Then, it follows that % < 0 as
Lo > % implies that pg > po.
Next, combine the direct effect with the indirect effect to analyze the combined effect of

a change in ¢ on real efficiency.

dg O0q Oupy dq

7 [§pet = )+ 25 (0 et = ) (s — 1] + LR

+a”@ 2“‘2’ <1—q,uo 1—MO)+Q( / (- s f(s)ds + / S(l—s)f(S)dS>>
_to “‘2“0 iy [g (1= )+ o (1 o1 = i) (2 — 1

#2201 ) (304 201~ e+ (1= 1= )| (14

Note that the partial derivative of ¢ with respect to gy can be written as:

Opo _ 1 —2(pug)po(l — 2us) (200 — 1)
g (1= 2u5)¢*(uo(8po — 4) — 4po + 1) — 4q(po(2 — 6(1 — po)po — 3ps) + po) — 1

Plugging this term into Equation results in in Z—g being a seventh-order polynomial in
pz. From the proof of Proposition [, we know that ug is itself the root of a third-order
polynomial. Therefore, showing that a” 2 < 0 given the equilibrium pg is tedious, but results
in the claimed parameter restriction of q € (q,1) and po € (i, 3]. In order to represent the

parameter bounds in a digestible manner, suppose k = 1/4 which maximizes the degree of
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feedback and thus the importance of the indirect effect of an increase in ¢q. Then, iy is the

solution to:

fio(1t0) = 0 = — 63 4+ 576 — 8103 — 79203 + 4230047 — 9482413 + 11260815 — 691204,
+ 172804

with g &~ 0.6575. In addition, ¢ is the solution to:

q(q, o) = 0 =17280u5 — 691204 + 1126081 — 94824 + 4230045 — 792043
— 8104g + 57610 — 63 + 1 + 2q” + asq® + cuq* + asq’ + asq® + azq’
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with

a1 =552960007,° — 41472000014 + 139069440045° — 274613760015°
+ 35363635205" — 31008729604° 4 1867919872 — 7521200645 + 1819064964,
— 144925445 — 564227205 + 211974445 — 35396815 + 4439212 — 5208110 + 336
g =8294400075° — 62208000015 + 21648384004* — 464348160015 + 6849653760."
— 73085068804 + 575915712015 — 336092544045 + 14385326404 — 44278875248
+ 952829765 — 1391952040 + 140460045 — 12174042 + 1137610 — 658
a3 =4147200015° — 35251200045 + 134991360040% — 3063744000142 + 4563993600."
— 467026560040” + 333649920019 — 165225216045 + 54440064017
— 10374960015 + 317984047 + 415528015 — 126608045 + 19060045
— 15640p0 + 560
oy =691200045° — 34214400045" + 22101120005 — 679605120045% + 1266577920045"
— 1582153920014 + 1394101760045 — 889855680045 + 41607256001
— 142337560013 + 35134180047 — 6070670043 + 694500045 — 47545042 + 1600049 — 175
a5 = — 4147200044 4 29030400045 — 915840000447 + 172108800045"
— 2143584000.2° + 186001920019 — 114774240048 + 50236320047 — 15091600045
+ 2797200045 — 1833600415 — 4884004 + 14580045 — 16200110 + 700
g =1866240004” — 13996800005 + 486777600045 — 1041206400075 + 153066240005"
— 1636027200015 + 1311336000045 — 801394560045 + 375949440047 — 135176400045
+ 3686416004 — 7457320043 + 1075520045 — 103240043 + 58000419 — 1400
oy =345600015% — 2073600075 + 5702400045° — 9504000049 + 10677600045 — 85032000,
44915600045 — 207864004 + 638800045 — 139160045 + 20340042 — 1780040 + 700

For instance, this tedious expression is g(q, o = %) ~ .99.

All the findings from above can be repeated with py < % with the same results. m.
The characterization of the short-term disclosure equilibrium in Lemma [2| does not change.
Proof of Proposition [5| with Assumption [3] Remember, Lemma 2] implies that short-

term incentives lead to a disclosure policy of the form Q57 = [0, s&].

63



Let’s compare this policy with a full nondisclosure policy in terms of real efficiency:

¢(Q%") = ¢(Q) =(1 = ¢) (P (po, 857) — ¥ (po, ™))

+q (/0ng U(s,ser)f d8+/51 U(s s)ds — /Ol\If(s,s)f(s)ds>

ST

=(1—q) (po(1 = po) (857 (1 = sgr) — po(1 = p10)))

+q([fasa—sX%Ta—s&o—ual—mmfme

*
ST

+/‘dbwmu—$—muﬂWV@w)

= (sir(1 = sr) = #o(1 = 1)) (1 = Drao(1 = o) + )

+q (/ s(1—s)(s(1 —s) —s5p(1 - SET))f(S)dS> (15)

*
ST

Now consider the threshold belief 5%, of the short-term policy. Taking equation [§ and

using the distributional Assumption [2] s§;(a) is the solution to:

A=+ a(fy Sf )ds)

(=) +q () f(s)ds)

_ (L—q)po+q(a)* (2a(2a — 1) — 3a + 2)
(1—q)+q(a(Ba(2p — 1) — 6uo +4))

po — a— (1—a)’ q(po — a(l — 2u))
1—(1—=a)(1—3a(l—2a))g

0=(1—q)(a—po)+ (2—3u)qa® + (2uo — 1)ga’ (16)

0=

In order for short-term incentives to result in higher real efficiency than a full nondisclosure
policy, Equation 15 has to be positive given s%;, being the solution to Equation [I6] It can

be shown, that both conditions hold for ¢ € (0,¢%7) and po (p°7, 2], where ¢57 and 157

the solutions to:
T =0 =1 — 22 — 42% — 452° + 902*
/ﬁT ~(0.5853

ST (11o) =0 = —225 + 112549 — 90042 + 83253 — 4882548 + 8100043 — 405003
+ Bix + Pox® + 432> + Bazt + B’ + Bea®

q
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with

B1 = — 59400049 4 207900045 — 275220048 + 183150048 — 74892045 + 24160545 — 7030115 4 203082
— 53730 + 631

By = — 216000457 + 108000045" — 79200045 — 131400049 + 96210045 + 17163005 — 238710045
+ 127056045 — 42181545 + 12179513 — 328502 + 6375419 — 555

B3 = — 8640004 + 561600045" — 1533600015° + 2365200045% — 2543400015 + 2058300040”
— 970920045 + 2280045 + 22860004 — 90840015 + 7836048 + 3374044 — 2101043 + 87302
— 193040 + 160

By =259200015° — 1684800045" 4 4644000048 — 71671500442 + 7265970048 — 5572440045°
+ 3437910049 — 158742005 + 479670048 — 75505048 — 445009 + 808251 — 3632517
+9500p5 — 132540 + 75

Bs = — 259200015 + 1684800045" — 468720005 + 7325100045% — 734094005 + 5307030045°
— 312660007 + 16109700p5 — 71403007 + 263625045 — 8186007 + 21612515 — 458255
+ 690043 — 625710 + 25

Bs =86400015° — 561600044" + 15768000u5° — 2501550045° + 25103700u5" — 17136900 15°
+ 850810049 — 330327545 + 106257518 — 282275u8 + 5755019 — 8075wy + 67515 — 25u3.

m Given the proof of Proposition 5| under Assumption [3, Corollary [I] also holds under
Assumption [3|

Let’s consider Proposition [6] under Assumption From the proof of Proposition [0 it
follows that QVP minimizes and QP
distribution and thus also under Assumption[3] The relationship of M E(Q%;) and M E(Q%;),

however, is more tedious to proof and left out for brevity. Nevertheless, the following Figure

maximizes market efficiency for any internal signal

depicts the ordering of the four disclosure policies in terms of market efficiency. In line

with Proposition [0 the results also follow under Assumption [3|
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Figure 5: ME comparison of QNP QFP O, and Q* given Assumption
All figures above use k = ;11
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=055

B.2 Numerical solutions with Assumption

Figure [6] and [7] visualize disclosure equilibria given Assumption [4 under different parameter
values of ¢ and . In line with Proposition [2] and Corollary [2| the nondisclosure region Q*
is decreasing in ¢, however, does not feature unraveling for ¢ = 1. Given Assumption [4]
f(0), f(1) > 1 and therefore the condition for unraveling outlined in Proposition (1| is not
met.

In addition, the nondisclosure region Q* is increasing in pg for pg < % and decreasing for

1
MOZ§-
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Figure 7: Disclosure equilibria given Assumption 4| (II/1I)

Next, let’s consider the insights from Proposition [3]| and how they change given Assump-
tion |4 The strict ordering of the disclosure policies in terms of real efficiency continues to

hold, however, only for a subset of the parameter space. Figure [8| compares the policies of

67



full disclosure and full nondisclosure with the equilibrium disclosure policy Q*. As outlined

in Footnote for sufficiently extreme prior beliefs of ug, a full disclosure policy dominates

a policy of full nondisclosure.
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Figure 8: RE Comparison of Q¥ QFP and Q*

All figures above use k = %

68



Figure [0 adds the disclosure policy given short-term incentives to the comparison. In line

with Proposition [5| and Corollary (1] there exist parameter values for which 2§, dominates

QNP and Q.
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Figure 9: RE Comparison of QNP QFP O* and Q%

1
4

An alternative real efficiency comparison is Figure The regions indicate which of the
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QND QFD

four policies %, Q% *, , and yields the highest real efficiency for the respective
parameter combinations. Interestingly, the region where the disclosure policy given long-term

incentives dominates is rather small (see the small shaded blue area at (¢ ~ .99, g ~ .75).
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Figure 10: RE dominating policies

The figure above uses k = %

In terms of Proposition [} Assumption [ does not change the implications of a positive

3¢ os*
ds* dq

permitted parameter values. The proof of this claim is a straight-forward extension of the

direct effect g—g > 0 and a negative indirect effect < 0 given a change of g for all
proof of Proposition [ with the monotone internal signal Assumption[d However, the finding

that the total effect may be negative does not hold under Assumption [4

QND QFD

Let’s consider Proposition |§| under Assumption . Again, minimizes and maxi-
mizes market efficiency. Figure L1 represents market efficiency for the four disclosure policies
under different parameter values of ¢ and the distributional Assumption @ In contrast to
the market efficiency results given Assumption [2] and [3, now the policy 2§, does not al-
ways dominate Q* in terms of market efficiency. It does so, however, for the majority of

the parameter space as Figure [12| shows. In fact, the parameter space where the short-term

1 2

policy dominates in terms of market efficiency coincides with the restrictions of py € [5, 5}

in Assumption [3]
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