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1 Introduction

Firms often face project selection decisions under uncertainty. For example, they may have to decide
whether to invest in green or brown technologies without knowing how stringent the environmental
regulation will be. Or, they have to decide whether to pursue a capital- versus a labor-intensive
production process, while the future factor market prices are unknown. A third example is that
firms have to decide whether to move into one geographic region versus another but do not know
the relative regional market demands. In all three cases, either project would be successful if the
type of investment matches the underlying fundamental condition. However, if the investment
does not match the underlying fundamental, the project will fail. Therefore, ex-ante, the projects
to be selected cannot be ranked in terms of profitability since the fundamental state is unknown
(Langberg and Sivaramakrishnan, 2010; Cheynel and Levine, 2020).

The literature on market feedback (e.g., Dye and Sridhar, 2002; Gao and Liang, 2013; Edmans
et al., 2015; Goldstein and Yang, 2017, 2019) shows that firms could potentially learn additional

information from informed traders through the market price.!

In this paper, we examine the
optimal reporting strategy of a manager who faces a project selection problem while trying to learn
about the fundamental from the market. We also analyze the implications for informed trading,
investment efficiency, and possible internal information production by the firm itself. We develop
a parsimonious model that deviates from the conventional setting by requiring the investment to
match the fundamental state of nature to generate a successful project. The firm value is thus
non-monotone in the fundamental, which leads to several novel results.

In the prior literature, high-quality accounting reports typically crowd out private information

acquisition in the market. On the contrary, our model demonstrates that less biased accounting

disclosures could encourage traders to acquire information. The key to the result lies in the firm

1See e.g. Chen et al. (2007), Foucault and Fresard (2014), Edmans et al. (2017), and Jayaraman and Wu
(2020) for empirical evidence of market feedback.



value that depends on the matching of the fundamental and the manager’s investment decision. A
highly biased accounting report reveals very little about the manager’s private signal, which will
determine the firm’s subsequent investment. Therefore, even if traders have perfect information
about the fundamental, they still do not gain any informational advantage in understanding the
manager’s investment decision. Thus, a more accurate accounting report could help traders predict
the manager’s subsequent investment and crowd in traders’ private information acquisition about
the fundamental. Vice versa, more informed trading also enhances the manager’s incentive to report
truthfully, as the information provided by the market feedback benefits the price and firm value.

We consider a publicly-traded firm that is run by a hired firm manager. To simplify the analysis,
we assume the firm must decide between two mutually exclusive projects.? The manager maximizes
a weighted average between the firm’s short-term stock price and terminal value, which depends
on the fundamental state and the manager’s investment decision. If the manager makes the correct
investment decision, then the firm value is maximized. On the contrary, the firm value will be low
when the investment decision does not match the fundamental.

At the beginning of the game, the firm’s manager learns an imperfect signal about the funda-
mental state of nature. The precision of the signal depends on the firm’s information environment:
the better the environment, the more likely the signal is accurate. The manager must issue a report
later about the fundamental, which will be observed by all traders in the financial market.> The
manager cares about the short-term stock price and prefers to report a fundamental consistent
with the market’s prior since the price will be higher if the market believes the firm will make the

correct investment decision subsequently. We refer to this incentive as catering. As a result, the

2The two project setting can be easily extended to N > 2 projects. As long as the project’s success requires
the investment and the fundamental to match, the insight of our results will remain the same.

3This type of forward-looking information is typically disclosed in the Management’s Discussion and Analysis
(MD&A) section of firms’ 10-K filings. Recent empirical research has found that the stock market reacts to
various properties of MD& A, such as the tone and readability (e.g., Feldman et al., 2010; Li, 2010), and that
managers seem to strategically report information in the MD&A (e.g., Li, 2008; Davis and Tama-Sweet,
2012).



manager always reports truthfully if her private signal equals the ex-ante more likely state. This
catering incentive differs from conventional settings in which the manager prefers to report a higher
accounting signal since the firm value and market price both increase in the fundamental state of

nature.*

Catering to the market is, however, costly for her due to personal effort and potential
reputation damage or even litigation concerns if caught doing so.

The firm’s market price is then determined through trading among investors in a competitive
financial market that is similar to the setting in Kyle (1985). The market consists of atomistic
informed traders, noise traders, and a competitive market maker. At the beginning of the game,
informed traders can learn the firm’s fundamental at a cost. After the manager has issued a public
report, informed traders and noise traders submit market orders. The market maker sets the market
price by observing the total order flow and the public report. After the interim price is formed,
the manager selects a project to maximize the firm’s long-term value. This decision is based on the
equilibrium stock price and her private signal. At last, all uncertainty is resolved, and the firm’s
terminal value is realized.

The manager in our model thus faces two decisions: a disclosure decision and a project selection
(or investment) decision. Traders also face two decisions: an information acquisition decision and a
trading decision. For each decision, the players trade off the benefits and costs given the information
they have at the time. We are particularly interested in how the manager’s reporting strategy affects
the informed traders’ information acquisition strategy and vice versa. The firm manager and traders
make their choices simultaneously at the initial stage, taking into account their conjectures about
the other party’s choice.

We derive the equilibrium by backward induction. The investment decision depends on the

manager’s own signal about the fundamental and potential information the manager learns from

4Prior models also include scenarios when the manager strictly prefers to report a lower signal to deflate the
market price due to incentives such as to take a “big bath” in earnings or to lower stock prices for personal
benefits before exercising call options, etc. However, unlike in our model, the manager’s incentive is still
linear in the fundamental.



the informed traders through the total order flow. If the order flow reveals the informed traders’
information, the manager invests according to the information, which reflects the informed traders’
aggregated signals about the fundamental. In that case, the market maker also knows that the
manager will subsequently make the correct investment decision and sets the market price as high.
On the contrary, if the order flow does not reveal any information, the manager can only rely on her
own signal when making the investment decision. The market maker thus sets the price solely based
on the manager’s report and the prior. Informed traders decide how to trade based on their private
information (if acquired) and the manager’s report. Informed traders buy the asset if the report is
consistent with their private signal because they expect the firm manager to invest correctly later.
If, however, their private signal differs from the report, then they sell the asset in anticipation of
a wrong investment decision and lower firm value. Depending on the volume of noise trading, the
total order flow may or may not reveal their private information.

The manager decides whether to manipulate the report, while the traders simultaneously decide
whether to acquire costly information about the fundamental. The traders’ incentive to become
informed is proportional to their expected trading profit, which decreases in the manager’s manip-
ulation intensity. Since the final firm value depends on the matching of the fundamental state of
nature and the investment, the traders could not predict the firm value based on their own infor-
mation about fundamental alone. The more likely the manager’s report is manipulated, the less
the traders could foresee the manager’s subsequent investment decision. Hence, there is a negative
relationship between the conjectured manipulation intensity and the equilibrium mass of informed
traders. In the extreme case where the traders believe that the manager always manipulates, they

will completely abstain from trading and never acquire any information.®

5If the manager always caters to the market belief, the firm’s reports would become completely uninformative.
One might think that this scenario results in a high incentive for informed traders to acquire private
information due to the usual crowding-out effect of more precise information (Gao and Liang, 2013; Han
et al., 2016; Edmans et al., 2016; Banerjee et al., 2018; Dugast and Foucault, 2018). However, this turns out
not to be the case in our setting. Even though the informed traders have perfect knowledge about the firm’s
fundamental, they do not know the manager’s private signal. Thus, compared to the market maker, they



We show that, as long as the manager’s manipulation cost is not too low and the traders’ in-
formation acquisition cost is not too high, there is a unique equilibrium concerning the manager’s
reporting strategy and the traders’ information acquisition strategy. The manager never manipu-
lates when her private signal is consistent with the ex-ante more likely fundamental and manipulates
with a positive probability when her signal is consistent with the less likely fundamental. At the
same time, a positive fraction of traders decide to acquire information and becomes informed.

In equilibrium, an increase in the manager’s manipulation cost lowers the degree of manipulation
and increases the equilibrium mass of informed traders and, thus, the expected firm value. Vice
versa, reducing the traders’ information acquisition cost increases their equilibrium mass and the
degree of manipulation. Our model thus highlights an important interaction between the financial
market and the firm’s reporting environment. We also find that increased managerial short-termism
leads to more manipulation, less informative prices, and a lower firm value. Perhaps surprisingly, an
increase in the manager’s private signal precision leads to less informative prices because it reduces
the manager’s desire to learn from the financial market. Since a higher signal precision also leads
to greater investment efficiency, this feature can generate a spurious negative relationship between
firm value and stock price informativeness.

We also study an extension by allowing the firm to alternatively choose to produce information
internally instead of relying on learning from market feedback. In reality, firms always have the
option to choose which channel to use for obtaining information. The decision depends on the
relative benefit and cost of each channel. Specifically, we let the firm decide whether to invest a
certain amount of resources in its information system to internally produce a perfect signal about

the fundamental state of nature before everything else. If the firm chooses not to invest in internal

have no advantage in predicting the manager’s investment decision and the final firm value. Anticipating
such a consequence, the traders are not incentivized to acquire a costly signal ex-ante. Thus, the market
is trapped in an equilibrium in which accounting disclosures of poor quality completely crowd out traders’
private information acquisition. This finding starkly contrasts the conventional wisdom that more precise
public disclosures reduce the incentive to acquire information.



information production, the game proceeds just as in the baseline model. If the firm chooses to
invest, the manager will always report accurately without trying to cater to the market belief. The
market anticipates that the manager will provide a perfect signal, and there is no incentive for
traders to acquire information privately. Thus, perfect disclosure from the firm completely crowds
out private information acquisition in the market.

Further, and perhaps counter-intuitively, a high cost of manipulation could result in the manager
engaging in more manipulation of accounting reports if it discourages the firm’s internal information
production. A higher manipulation cost reduces the manager’s incentive to bias the accounting
report in the absence of the firm’s internal information production. The resulting crowding-in
effect is enhanced through more informed traders. In this case, the benefit from market feedback
is higher, which makes the firm less willing to invest in producing an internal signal. Therefore,
when firms face the choice of costly internal information production and learning through market
feedback, a higher penalty for reporting could make the latter choice relatively more attractive.

Our study is closely related and contributes to three streams of literature. The first is the
literature on the roles of public versus private information through feedback effects in financial
markets. In this literature, market prices reflect the aggregate information from all sources, in-
cluding those publicly disclosed by the firm and those privately acquired by investors. A common
theme in this literature is the so-called crowding-out effect: more public information lowers the
incentives for private information production in the market. Gao and Liang (2013) show that
more precise disclosure leads to lower private information acquisition by traders and harms market
feedback. In Han et al. (2016), disclosure reduces price efficiency by increasing the mass of discre-
tionary liquidity traders. Similarly, Banerjee et al. (2018) show that increased transparency can

make prices less informative because disclosures discourage learning about fundamentals.” Other

6See Goldstein and Yang (2017) for a survey of this literature.
"Bond and Goldstein (2015) and Goldstein and Yang (2019) highlight that the type of information being
disclosed determines whether disclosure is desirable.



important contributions to this literature include Dye and Sridhar (2002), Arya et al. (2017), and
Chen et al. (2021).

In contrast, our study shows that public disclosure of good quality can crowd-in private infor-
mation acquisition. This result comes from the fact that public disclosure of poor quality renders
the traders’ information useless in predicting the firm’s subsequent investment decision, and thus
deprives the traders of participating in the trade and destroys the feedback effect of the market
price. The setting in Benhabib et al. (2019) also features a crowding-in effect of more precise public
information. However, in their setting, the precision of this signal is taken as exogenous, while we
endogenize this precision.

Langberg and Sivaramakrishnan (2010) also examine feedback in a similar setting of project
selection where the firm value depends on the fundamental value multiplied by a binary state
variable. The information to be disclosed by the manager is the fundamental value, while the
feedback is about the state variable. However, their paper builds on a voluntary disclosure model
as in Dye (1985) and Jung and Kwon (1988) and the feedback is provided by an analyst rather than
through trading and price. In their model, feedback strictly improves long-term firm value, but the
analyst only gives feedback if the manager discloses. The manager thus has to trade off the benefits
of disclosing to solicit feedback and the cost of voluntarily disclosing bad information. Since the
manager with private information of high quality has less need to solicit additional information
from the analyst, feedback actually results in less disclosure in equilibrium.

The setting and results of Langberg and Sivaramakrishnan (2010) thus differ significantly from
our paper. The information disclosed and provided through feedback in our model is the same
state variable, and the feedback effect is generated through informed trading by strategic traders.
Moreover, the disclosure is mandatory, and the manager is incentivized to bias the report to cater
to the predominant market belief. As a result, we show that the rationing of information by firms

would crowd out private information acquisition in the financial market, which is the opposite from



Langberg and Sivaramakrishnan (2010) and most of the other prior papers on market feedback.
The second stream of literature our study is related to is the literature on reporting bias and
earnings manipulation, which examines managers’ incentive to bias their disclosures in a mandatory
reporting environment. Different from the typical model of reporting bias (see e.g., Fischer and
Verrecchia, 2000; Dye and Sridhar, 2004), our setting is more stylized with a publicly known degree
of managerial short-termism, and thus does not involve signal jamming as prior papers often do.
The third piece of literature is the real effects of accounting disclosure through investment. The
real effects literature (see e.g., Kanodia, 1980; Kanodia and Mukherji, 1996; Kanodia et al., 2004)
focuses on how accounting measures and reports affect the market price and the firm’s investment
efficiency. Unlike our setting, the timeline of the real effect models requires the investment to be
made before the price is formed. Also, there are no informed traders nor informational feedback

from the market price.

2 The model

The model has three dates ¢t € {1,2,3}. There is a single firm that is run by a hired manager. At
t = 1, the firm manager observes a private signal and then exerts effort to manipulate the signal
to make a public report. Simultaneously, a mass n of informed traders acquires a private signal
about the firm’s fundamental. At ¢ = 2, the firm issues a public report, which might be successfully
manipulated, and its stock is traded in a secondary financial market. At ¢t = 3, the firm manager
makes an investment (or project selection) decision, and the terminal firm value realizes. All agents
are risk-neutral, and the risk-free rate is normalized to zero.

The firm’s terminal value depends on the fundamental 6 € {«, 8} with Pr(d = a) =g € (3,1)
and the firm’s investment decision I € {a,b}. As discussed before, o and /3 represent two different
states of nature, each requiring a matching investment strategy. However, neither state of nature

is necessarily better than the other in terms of payoff. Based on the commonly-shared prior belief,



« is ex-ante more likely than 8 to be the realized state of nature, although we have assumed so
without loss of generality. We could simply re-label the more likely of the two “8” and the less
likely “a”, and all the intuition will remain the same. The firm’s terminal value v is defined as

follows:

>0 if{=a]=a}andif {6 =0,1=0b},
v(0,1) = (1)

v=0 if{#=0,I=a}andif {§ =a,] =0}
If the fundamental 0 is equal to «, then the value-maximizing decision is I = a. Similarly, if 6 is
equal to 3, then the value-maximizing decision is I = b. If the firm invests correctly, the terminal
value equals v = ¥ > 0. If the firm makes the incorrect decision, the value is equal to v = v,
normalized to zero.

The payoff structure of the investment decision is an important feature of our model. The
firm’s value is high when the investment decision matches the fundamental and low otherwise,
regardless of the realized value of the fundamental itself. This structure differs from the usual
payoff structure in the prior literature, which typically assumes the investment and the payoff
increase in the fundamental monotonically. Our setting is thus similar to Edmans et al. (2015) or
Chen et al. (2021), in which the firm could invest or divest by one unit from the status quo and
obtain the same payoff. Langberg and Sivaramakrishnan (2010) and Cheynel and Levine (2020)
also include specifications where two parts of information may be positively or negatively linked,
and higher signals do not always lead to higher values.

The firm manager’s utility U is specified as follows:
€ 2
U:wp+(1—w)v—§m, (2)

where p is the equilibrium stock price at ¢t = 2 and v is the firm’s terminal value at ¢ = 3 defined in
equation (1). The constant w € (0,1) determines the relative importance of p vis-a-vis the firm’s

terminal value v and can be interpreted as the degree of managerial short-termism. We follow the



existing literature such as Edmans et al. (2016), Gao and Zhang (2019), or Guttman and Meng
(2021) and treat w as exogenously given. The manager’s incentive to maximize the future stock
price can reflect concerns for managerial reputation as in Narayanan (1985) and Scharfstein and
Stein (1990), or managerial myopia as in Stein (1989). The manager’s manipulation effort, given
her private signal y, is m(y) € [0,1]. The manager’s choice of m(y) determines the probability
with which the report is successfully manipulated. With probability 1 —m(y), the manager reports
truthfully. The constant ¢ > ¢ captures the manager’s private cost of manipulation, such as poten-
tial litigation cost and reputation damage.® The positive constant ¢ ensures an interior equilibrium
and is explicitly defined in Appendix A.2.

At t = 1, the manager observes a private signal y € {«, 3}. We treat the signal precision A in
the baseline model as exogenous. Section 4 considers a model extension in which we endogenize
the signal precision. The parameter A\ reflects the quality of the firm’s information environment;
mathematically, A = Pr (y = o|f = o) = Pr (y = 5|0 = ) with X € (%, 1). The higher X, the more
likely the manager will obtain accurate information. To ensure that the manager’s investment
decision depends on her private signal, we assume that the signal is sufficiently precise, A > ¢.”

Given her private signal, the manager chooses a reporting strategy, i.e., her manipulation effort
m(y) € [0,1]. Her reporting strategy determines the distribution of the public report z € {«, }.
With probability m(y), the manager manipulates successfully and reports z # y; with probability
1—m(y), she reports truthfully and z = y. The manager’s manipulation choice m(y) is private and
cannot be observed by outsiders. We denote the market’s conjecture of the manager’s reporting
strategy by m(y), which is equal to m(y) in equilibrium.

The financial market features the following three types of traders following Kyle (1985). First, a

competitive market maker sets the equilibrium price conditional on total order flow and the firm’s

8We have confirmed that our results continue to hold under a linear cost function.
9We formally show in Appendix A.1 that the manager does not rely on her private signal when choosing I
if A <gq.

10



public report to break even in expectation. Second, a continuum of liquidity (or noise) traders
trade for exogenous reasons and collectively demand u. For tractability, we assume that liquidity
trading is bounded as in Glosten and Milgrom (1985). To obtain analytic solutions, we assume that
u is drawn from a uniform distribution on the interval [—1, 1] and that it is independent of all other
random variables. Third, there is a mass of informed traders who observe private signals s; € {a, 8}
and submit demands d; € [~1,1].!% We denote an individual informed trader by i € [0,n]. A zero-
profit condition determines the total mass of informed traders n at ¢ = 1. We assume that the
informed traders’ signal is perfectly informative (s; = 6) to keep the analysis more tractable, but
all of our main results are robust to relaxing this assumption. The private signal has a constant
acquisition cost of 7 > 0.

At t = 2, the manager makes a report z, and all traders submit their demand orders. The market
maker observes the firm’s public report and total order flow for the firm’s shares z = fon 0;di + u.
As is conventional in Kyle-type models, the market maker cannot distinguish the demand orders
from the informed traders and the noise traders. The equilibrium stock price is set such that the

market maker breaks even in expectation:

p(z,z) = Ev|z, 2]. (3)

To enable market feedback (e.g., Edmans et al., 2015; Goldstein and Yang, 2019), we assume the
manager can also observe the order flow.'! Like the market maker, she can only observe the total
order flow but cannot distinguish the respective demand orders from the informed traders and the
noise traders. At t = 3, the manager makes an investment decision I based on her information x

and y. Figure 1 describes the timeline for our main model.

10This assumption can be justified by borrowing or short-selling constraints and is common in models
featuring atomistic risk-neutral traders. See, for instance, Goldstein et al. (2013), Goldstein and Yang
(2019), Huang et al. (2020), and Schneemeier (2022) for recent papers with similar assumptions.

HEdmans et al. (2015) argue that, in practice, there is little secrecy in the order flow and microstructure
databases provide such information with a short lag. They conclude that it is reasonable to assume that
managers have easy access to information about trading quantities.

11



I ]

]

i T

t=1 t=2
1. manager observes y and 1. firm reports z;
chooses m(y) privately; 2. traders submit demands;

2. mass n of informed traders 3. market maker sets price p.

acquires private signal s; = 6.

Figure 1: Timeline for the main model.

An equilibrium of the game is defined as follows:

Definition 1. An equilibrium is a tuple (m,n,I,p), where

1

t=3

1. manager invests [;

2. firm value v realizes.

1. the choices m and I mazimize the manager’s expected utility given the signals y and {z,y},

respectively;

2. the market maker sets the equilibrium stock price p based on {x,z} to break even in expecta-

tion;

3. informed traders make their information acquisition and trading decisions to mazimize ex-

pected trading profits;

4. all agents have rational expectations and use Bayes’ rule to update their beliefs, if possible.

The conjectures m(y) and n are correct in equilibrium.

3 Equilibrium analysis

Before we formally describe the firm’s optimal investment decision and the financial market equi-

librium, we derive the manager’s marginal benefit of manipulation. We differentiate the manager’s

expected utility net of the manipulation cost, given private signal y, in equation (2) with respect

12



to m:

OE[wp + (1 — w)v|y]

MB(y) = B

= w (E[p|z # y] — E[p|z = y]) (4)

for y € {a, B}. The manager benefits from a manipulated signal through its impact on the short-
term stock price p. The long-term firm value v is not directly affected because the manager’s choice
of m is privately observed. The expected firm value, therefore, only depends on the conjectured
value for m. In equilibrium, the manager’s manipulation choice affects v indirectly through its
impact on the mass of informed traders, as shown below.

In an interior equilibrium, we have that the marginal benefit equals the marginal cost, i.e.,
MB(y) = cm. It follows from MB(a) = —MB(f) that the manager either chooses m(a) > 0 and
m(B) = 0 or m(ar) = 0 and m(B) > 0. That is, depending on her catering incentives, she only
manipulates one type of signal. We will show later that only the second case arises in equilibrium,
which follows from our previous assumption that Pr(6 = a) > Pr(6 = ). If instead 0 = 8 were
more likely than § = «, then the manager would optimally try to manipulate y = a but not y = S.

We proceed with our analysis by backward induction. We first solve for the firm manager’s
optimal investment decision at t = 3 and the equilibrium stock price at t = 2. We formally show
in Proposition 1 that informed traders demand one unit (§; = 1) if the reported signal equals their
private signal and that they sell one unit (§; = —1) otherwise.'? It follows that the total order flow
is equal to:

+n+u if{d=a,z=a}orif {§=0,2z=0}
x(0,2) = (5)

—n +u otherwise.

Total order flow is uninformative if n = 0 because liquidity demand u is orthogonal to the funda-

12Note that uninformed speculators do not trade because they expect to make zero trading profits. This
follows from the market maker’s pricing function in equation (3) and the Law of Iterated Expectations,
which implies that E[v — p|z] = E[v — E[v|z, 2]|2] = 0.

13



mental 8. However, if n > 0 and a positive mass of traders has acquired a private signal, then the
market maker might be able to infer the informed traders’ private information from z. More specif-
ically, x reveals that the informed traders bought the asset if x > 1 —mn, and it reveals that they sold
if x < n—1. In the intermediate range = € (n — 1,1 —n), total order flow is uninformative, and the
market maker uses only the reported signal to set the price. Total order flow, therefore, indicates
whether informed traders agree or disagree with the reported signal z. As formally shown below,
informed traders anticipate a relatively high payoff if their private signal matches the reported
signal because they deem it more likely that the manager will take the correct action.

We follow the existing literature (Edmans et al., 2015; Chen et al., 2021) and assume that the
firm manager can observe the total order flow x and potentially learn about the informed traders’
information at ¢ = 2. The manager is aware that the informed traders have additional information
about the fundamental and thus relies on this learned information when making the investment
decision at t = 3. She learns from particularly high or low order flows about the informed traders’
information and invests accordingly. In the intermediate range of order flow, where no information
is revealed, the manager relies on her private signal y. Note that the manager’s investment decision
is always firm value maximizing at the time when it is made. At this point, the interim price has
already been formed, and the manager’s short-termism is no longer hindering her action. However,
the information available to her at the time when she makes the investment decision depends on
her earlier disclosure decision.

The following proposition formally describes the firm’s optimal investment decision and the

financial market equilibrium.

Proposition 1 (Investment and Stock Price). Consider a conjectured mass n € [0,1] of informed
traders and conjectured manipulation choices {m(a) = 0,m(B) > 0} or {m(a) > 0,m(B) = 0}.

Informed traders buy (6; = 1) if their signal is equal to the disclosed signal and sell (§; = —1)

14



otherwise. The firm manager’s optimal investment decision is given by:

a ifz=aandx>1—norz=Fandz<n—1ory=aandzx € (n—1,1—-n)
I= (6)

b otherwise.

The equilibrium stock price is given by:

fx>1—-norz<n-—1
p(:v, z) = (7)
po(z) = E[v|z]  otherwise.

|

Proof. See Appendix A.1. |

The manager’s equilibrium investment decision is intuitive. Since she only receives a noisy
private signal about 6, she can learn additional information from the financial market. Particularly
high (x > 1 —7n) or low (z < n — 1) realizations of total order flow reveal the trading behavior of
informed investors. More specifically, x > 1 — n indicates that informed investors have bought the
stock because they agree with the disclosed signal. As a result, the manager learns that z coincides
with 0 and can therefore take the correct action I € {a,b}. On the contrary, order flows in the
range x < n — 1 indicate the informed investors disagree with the disclosed signal. The manager
can again infer the true value of 8 and invest optimally. When the order flow is not informative
and does not reveal any information from the informed traders, i.e., 7 — 1 < < 1 — 7, she has to
resort to her own signal y for the investment decision.

The market maker sets the price for the firm based on the manager’s report z and the total order
flow . When z confirms z, the market maker knows that the manager has the right information
and will make a subsequent investment decision consistent with the fundamental. The market price
is therefore set as v. When x shows information opposite to z, the market maker will still set the
price as v, as the manager will learn from the price and make the correct investment down the

road. When x is uninformative, the market maker understands that the manager’s information is

15



imperfect and the subsequent investment may be incorrect.

We next analyze the manager’s manipulation and the informed investors’ information acquisi-
tion decision. The firm manager conjectures that a mass 7 of informed traders acquires the private
signal s;. She then chooses m given her private signal y € {L, H} to maximize her expected utility,

specified in equation (2).

Lemma 1 (Manager’s Best-Response). Given a private signal y € {«, 5} and a conjecture n €

[0,1], the firm manager’s optimal manipulation decisions are as follows:

m(a) =0 and m(pB) € 0,1). ()

Moreover, m decreases in the conjectured mass of informed traders n.
Proof. See Appendix A.2. |

The manager’s reporting strategy critically depends on the cost of manipulation and the mass
of informed traders. We find that the manager never manipulates if y = «, but that she might
manipulate if y = 8. This result follows from our assumption that § = « is more likely than 6 = 3:
Pr( = a) = 1— Pr(0 = ) > 1/2. Therefore, a public signal z =  “contradicts” the prior belief
for 6 and results in a lower stock price: py(8) < pg(c). This mechanism is similar to Gentzkow
and Shapiro (2006), who show that Bayes’ rule implies that a consumer who is uncertain about
the quality of an information source will infer that the source is of higher quality when its reports
conform with her prior. For the same reason, the manager might be incentivized to manipulate if
y=p.

Given the mass of informed traders in the market, the manager trades off the benefit of ma-
nipulation with the associated cost. To obtain an interior solution for m, we impose the condition
that the manager’s manipulation cost is sufficiently high. In this case, the manager manipulates

the signal with a positive probability when the benefits of doing so outweigh the costs. The equi-
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librium mass of informed investors n decreases the manager’s benefit of manipulation. An increase
in 1 makes total order flow more informative and reduces the impact of the disclosed signal on the
equilibrium stock price. In the limit 7 — 1, the manager has no incentive to manipulate because
p=n.

We continue with the investors’ acquisition of information. Investor ¢ acquires a private signal

if his expected trading profits IIp; = E[0;(v — p)] exceed the information acquisition cost 7.

Lemma 2 (Traders’ Best-Response). Given a conjecture max{m(a), m(8)} = m € [0,1] and

min{m(a), m(B)} =0, the equilibrium mass of informed traders is given as follows:
1. Ifpi(n=0,m) < 7, then n = 0.
2. If Ty;(n™, M) = 7, then we obtain an interior solution n*™ € (0,1) .

IIy; decreases in m and n.

Proof. See Appendix A.3. |

Contrary to conventional wisdom, Lemma 2 shows that the incentives for private information
acquisition are greatest when accounting information is truthful, i.e., when m = 0. To understand
the intuition behind this result, it is helpful to consider the limiting case m — 1 in which the
manager never reports truthfully. In this extreme case, informed traders lose their informational
advantage vis-a-vis the market maker and make zero trading profits. Both types know that the
manager takes the correct action with probability A\. As a result, informed traders cannot profit
from their private information about # and are not incentivized to acquire costly information ex-
ante. On the other hand, if the investors conjecture that the manager’s report is informative, i.e., if
m < 1, then informed traders can use their private signal about 6 to predict the terminal cash flow.
In this case, a positive mass of traders might be willing to acquire information if the information

acquisition cost 7 is sufficiently low.
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Next, we combine the results in Lemma 1 and Lemma 2 to characterize the equilibrium manip-

ulation and information acquisition decisions at the initial stage.

Proposition 2 (Equilibrium Manipulation and Information Acquisition). Suppose that T < 7.
There exists a unique equilibrium triple m*(3) € (0,1), m*(a) =0, and n* € (0,1). The threshold

T > 0 is defined in Appendiz A.4.

Proof. See Appendix A 4. |

Proposition 2 establishes the conditions for the equilibrium results of the manager’s manip-
ulation strategy and informed traders’ information acquisition decision. The two assumptions
regarding the cost coefficients for the manager’s reporting strategy and the traders’ information
acquisition, ¢ > ¢ and 7 < T, ensure a unique equilibrium. As shown before, the manager never
manipulates y = a.. If y = 3, she caters to the prevailing market belief and successfully manipulates
with a strictly positive probability. Moreover, we find that the equilibrium mass of informed traders
is strictly between zero and one. The equilibrium triple (m*(«), m*(3),n*) depends on the model

parameters (¢, 7,w, A, q). The following corollary presents the main model implications.

Corollary 1 (Model Implications). In the equilibrium of Proposition 2, the following results hold:

1. The manager’s manipulation intensity m*(B) increases in 7, A, q, and w; it decreases in c.

2. The equilibrium mass of informed traders n* increases in c; it decreases in 7, X\, q, and w.

3. The expected firm value E[v] increases in ¢ and X; it decreases in T, q, and w.

Proof. See Appendix A.5. |

Parts 1 and 2 in Corollary 1 show how the manager’s manipulation intensity m*(/) and the
mass of informed traders n* depend on model parameters. The traders’ information acquisition

cost 7 only has a direct (negative) effect on the mass of informed traders but not on the manager’s
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manipulation choice. However, because the manager’s choice depends negatively on n, it follows
that the equilibrium manipulation intensity decreases in 7. For a similar reason, we find that
the manipulation cost ¢ positively affects n*. A higher manipulation cost leads to a reduction in
m*(/), which in turn crowds in more informed traders. An increase in w, the degree of managerial
short-termism, increases the manager’s incentive to manipulate. Thus it increases m* () directly,
and it decreases n* indirectly. The effects of A\, which measures the manager’s signal precision,
and ¢, which measures the ex-ante probability of § = «, are more nuanced. An increase in both
parameters increases the manager’s incentive to manipulate but lowers the traders’ incentives to
acquire information.

The expected firm value in equilibrium equals:

Ev] =[n"+ (1 —n")A\| . 9)

It follows that the expected firm value increases in the mass of informed traders. Corollary 1
shows that the expected firm value decreases in 7 and w because these two parameters are negatively
related to n*. For the same reason, E[v] increases in the manipulation cost ¢. An increase in signal
precision A has a more nuanced effect on real efficiency. On the one hand, there is a direct positive
effect because a better-informed manager can more efficiently select between the different projects.
On the other hand, there is a negative indirect effect because an increase in A decreases price
efficiency. We formally show in Appendix A.5 that the direct effect always dominates.

Corollary 1 also provides implications about price efficiency and real efficiency, proxied by the
mass of informed traders and the final firm value, respectively.!® For instance, an increase in ¢
leads to an increase in both efficiency measures. An increase in A, however, increases real efficiency

and decreases price efficiency. While a better information environment improves the manager’s

13The existing literature, such as Goldstein et al. (2013) and Goldstein and Yang (2017), defines real efficiency
as the expected firm value.
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private signal accuracy and her subsequent investment decision, it reduces the informed traders’
informational advantage and discourages them from entering the market.

In sum, these results demonstrate that manipulation has a real cost in our setting. Contrary
to the typical result in the feedback literature that shows more/better public disclosure crowds
out private information acquisition, our analysis shows that truthful reporting is beneficial and
encourages the traders to become informed. As discussed, this result comes from the functional
form of the firm value, which depends on the matching between the fundamental and the subsequent
investment. When the manager manipulates too much, the informed traders’ information can no
longer help them predict the final firm value, thus reducing their incentive to participate in the
trade. As a result, the manager also loses her chance to learn about the true fundamental through

market feedback.

4 Internal information production

In this section, we relax the assumption that the manager’s signal precision is exogenously given. In
reality, firms could utilize information provided by the market through feedback but could also invest
in their own information system to produce better signals about the fundamental. The following
analysis explores the manager’s choice between these two channels to obtain information.!* We
extend the timeline by adding an initial date ¢ = 0 and allow the firm to decide whether to produce
information internally through a better information system or externally through market feedback.

Specifically, the firm (or its board of directors) chooses between d = 1 (“produce information

internally”) and d = 0 (“do not produce information internally”) to maximize the expected long-

4Prior literature has examined multiple information sources in different settings. For example, in the
contracting literature, prior studies have investigated the role of “sufficient statistic” in optimal contracting
(Holmstrom, 1979), the use of multiple performance measurements (e.g., Feltham and Xie, 1994), and the
complementarity between performance measures and monitoring Chaigneau and Sahuguet (2022). In the
setting of investor decision-making, prior studies have examined additional information sources such as
analyst reports (Einhorn, 2018) and media coverage (Goldman et al., 2022). However, to our knowledge,
there is no study that examines multiple information sources for the decision-making by the firm itself.

20



term value at the beginning of the game. If d = 0, then the game proceeds as in the baseline
model, and the manager observes a private signal with precision A € (%, 1). If d = 1, the firm
invests to produce information internally, and the manager observes a more precise signal at an
exogenous cost k > 0, which reduces the firm’s terminal value. For simplicity, we assume this
internal information production results in a perfect signal, but the insights derived in this section
remain if this assumption is relaxed. With the perfect signal, the firm manager observes 6 without
noise and does not require additional feedback from the financial market. The improvement of
internal information production is publicly observed at the beginning of the game.

If the firm chooses d = 1, then the manager makes the correct investment decision, and the
firm’s terminal value is always equal to v4—1 = ¥ — k. If the firm does not acquire the additional
signal, then the value is equal to vg—g = [A + ng—o(1 — A)] U, as shown in equation (9) above. It is

optimal to acquire the additional signal if and only if v4—1 > v4—¢, which is equivalent to:
k< (1=X(1—-n4=—0)T =K. (10)

Intuitively, the firm is more likely to choose to produce information internally if the baseline signal
is less precise (i.e., if X is low) and if market feedback is weak (i.e., if ng—g is low). The following

proposition formalizes this result.

Proposition 3 (Information acquisition). Suppose that 7 < T. The firm is willing to invest to
obtain a perfect signal internally at cost k if and only if k < K where K is defined in equation (10).
In this case, the terminal firm value equals U — K, the mass of informed traders equals zero, and
the manager does not manipulate the disclosed signal. The threshold k decreases in ¢ and A and

increases in T, ¢, and w.
Proof. See Appendix A.6. |

Proposition 3 states that a perfectly informed manager is not incentivized to manipulate the
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disclosed signal. In this case, the catering incentive vanishes because all traders rationally anticipate
the manager to invest optimally. It further follows that the firm discloses an accurate signal, which
in turn fully crowds out informed traders. This result is consistent with prior literature showing
that better public information crowds out private information acquisition by investors.

Further, the likelihood of switching from relying only on market feedback to investing in own
information production decreases in the manipulation cost ¢ and the information quality of the
manager’s signal A. Intuitively, a high manipulation cost improves informed trading in the case
of market feedback and makes internal information production less attractive for the manager. A
high A implies high quality of the firm’s existing information environment, also making investments
in an internally produced signal less appealing. On the contrary, the switch decision becomes more
likely when the traders’ information acquisition cost 7 is high, which results in less informed trading

and benefits for the firm

Corollary 2 (Model Implications with Information Acquisition). In the equilibrium of Proposition

3, the following results hold:

1. The manager’s manipulation intensity m*(/3) increases in A; it is non-monotone in 7, q, w,

and c.

2. The equilibrium mass of informed traders n* increases in c; it decreases in 7, q, and w; it is

non-monotone in \.

3. The expected firm value (net of k) increases in ¢ and \; it decreases in T, q, and w.

Proof. See Appendix A.7. |

Corollary 2 describes the model implications in this extension with possible additional internal
information production by the firm. The effects of the main parameters on the mass of informed

traders and expected firm value are very similar to those in the baseline model. The only discrepancy
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Figure 2: The left panel plots the equilibrium mass of informed traders n as a function of the signal precision

A. The right panel plots the equilibrium manipulation intensity m as a function of the manipulation cost c.

Parameters: ¢ = %, w = %, k =0.079, and T = %0. Left panel: ¢ = % Right panel: A = %.

arises concerning the effect of A, the precision of the manager’s signal if d = 0, on informed trading.
In contrast to the baseline model, a higher precision might increase informed trading in equilibrium
through its impact on the threshold x, which determines the firm’s choice of additional information
production. Intuitively, a higher A\ implies a better information system that is already in place in
the firm, making it less attractive for the firm to invest further in information production. We have
shown above that producing the additional signal lowers the equilibrium mass of informed traders.
Moreover, the threshold ¥ decreases in A so that an increase in A can incentivize information
production (i.e., d = 1). As a result, an increase in A can lead to an increase in n* around the
threshold .

We illustrate this discontinuous effect of A on n in the left panel of Figure 2. When A, the
information quality of the manager’s original signal, is sufficiently low, the firm would always
choose to invest in internal information production, which completely crowds out informed trading.
When A is high enough so that the firm does not bother with producing information internally, the
firm relies solely on market feedback. At the threshold point of the decision switch, the amount of
informed trading n jumps from zero to the highest point. As X increases beyond the threshold, n
starts to decrease again due to traders’ shrinking profits, just as in the baseline model.

The implications concerning the manager’s manipulation choice are fundamentally different.
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More specifically, all model parameters (except for A) can either increase or decrease the manip-
ulation intensity once the manager’s signal precision is endogenized. Consider, for instance, an
increase in the manipulation cost ¢, which has two counteracting effects on m™*. First, there is a
direct negative effect as in the baseline model, showing manipulation decreases in the manipulation
cost. Second, there is also a novel indirect effect because ¢ changes the firm’s internal information
production choice, i.e., the threshold k. Proposition 3 shows that an increase in ¢ decreases the
threshold ¥ and makes the internal information production less likely. This indirect effect tends
to increase m* because the manager is only willing to manipulate if the additional signal is not
acquired. Combining these two forces implies that a higher manipulation cost can lead to more
manipulation in equilibrium if it disincentives the firm’s internal information production (see Figure
2, right panel).

It is important to note that the crowding-in effect of more precise disclosures plays an important
role in this result. We have shown in equation (10) that the threshold ® only depends on the
manipulation cost through the mass of informed traders ng—g. Moreover, our analysis in Section 3
highlights that ¢ only affects the mass of informed traders n through its impact on the manager’s

dn __ dn dm : dm dn : « )
, = G, Since 9% < 0 and % < 0 (i.e., “crowding-in”), we find

manipulation efforts, i.e.
that n increases in ¢ so that k decreases in ¢. Thus, the crowding-in effect is necessary for the
non-monotone dependence of m* on the model parameters.

Intuitively, when the cost of reporting manipulation is high for the manager, the resulting re-
porting quality is higher, which leads to more informed trading in our setting. This effect increases
the benefits for the firm to rely on market feedback and reduces its likelihood of producing informa-
tion internally. In the absence of internal information production, the manager must manipulate to
cater to the market belief. Our results thus warn against a possible side effect of high penalty for
behaviors such as earnings management, which may discourage firms from producing information

internally and ultimately leads to more earnings management.
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5 Conclusion

We consider a setting where a firm manager may wish to cater to the prevailing market belief about
a fundamental state of nature by manipulating the firm’s disclosure. Either possible realization of
the fundamental could lead to success as long as it is matched by the subsequent investment
decision. The manager only has an imperfect signal about the fundamental, but could potentially
learn additional information from the informed traders by observing the market order flow. If the
firm chooses to invest internally to produce a perfect signal instead of relying on market feedback,
the manager always reports truthfully, and the traders thus have no incentive to become informed.
However, if the firm chooses to learn through market feedback, less biased reporting can crowd in
informed trading, and informed trading, in turn, also encourages more truthful reporting.

Our paper thus complements prior literature that suggests public disclosure crowds out private
information production in the financial market (e.g., Morris and Shin, 2002; Goldstein and Yang,
2019), by showing that accounting reports without bias could lead to improved price and real
efficiency. Our results thus offer a defense of unbiased accounting information in the presence of
market feedback, especially in project selections where the success depends on the matching of
the fundamental and investment. Therefore, increasing the manager’s private cost of manipulation
through tighter regulations or decreasing the manager’s short-termism through incentive contracts
could mitigate incentives to manipulate.

Our results are broadly consistent with empirical findings on market feedback. Chen et al. (2007)
use price nonsynchronicity and probability of informed trading (PIN) to measure the level of private
information in stock prices and find that they are significantly correlated with the sensitivity of
investment to price. Their results provide evidence that managers learn information from stock
prices to improve their investment decisions. A key property of the information being disclosed

in our model is that it is a forward-looking estimate of the state of nature. Jayaraman and Wu

25



(2020) find that managers voluntarily disclose forecast capital expenditure information to solicit
information from the stock market. Based on the stock market’s reaction to their disclosures,
managers make upward or downward adjustments to the actual capital expenditure decisions. The
adjustments are especially strong when the forecast information encourages market information
acquisition. Further, the adjustments are also correlated with better future firm performance.
Similarly, Luo (2005) and Kau et al. (2008) find evidence that market feedback plays an important
role to guide firms’ mergers and acquisition activities.

Our paper, therefore, also contributes to the empirical research on market feedback by provid-
ing a theoretical foundation on the relation between disclosure of forward-looking information and
investment efficiency through the mechanism of learning from the market price. We can also further
develop new predictions on the quality of disclosure, especially in the setting of project selections.
We hypothesize that accounting disclosures of high quality could further enhance informed trad-
ing and market feedback, which results in improved price informativeness and future investment

efficiency.
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A  Proofs

A.1 Proof of Proposition 1

We proceed as follows. First, we take the informed traders’ conjectured trading policy as given
and solve for the manager’s optimal investment decision. Second, we solve for the market maker’s

pricing function. Third, we verify that the conjectured trading policy is optimal.

Investment decision. The manager chooses I € {a,b} to maximize the expected firm value
E[v|x,y, z]. She optimally chooses I = a if Pr(0 = a|z,y,z) > % and I = b if Pr(0 = a|z,y,2) < %

If Pr(0 = o|z,y,2) = %, she is indifferent. Without loss of generality, we assume that I = a in this

case. Next, we describe the manager’s inference from the total order flow.

1. If z = @ and & > 1 — n, the manager infers that § = a. It follows that I = a. In this case,

informed traders confirm the manager’s information.

2. If z = o and x < n — 1, the manager infers that 6§ = 3. It follows that I = b. In this case,

informed traders contradict the manager’s information.

3. If z=p and x > 1 — n, the manager infers that § = . It follows that I = b. In this case,

informed traders confirm the manager’s information.

4. If z = f and x < n — 1, the manager infers that § = a. It follows that I = a. In this case,

informed traders contradict the manager’s information.

5. If z € (n— 1,1 —n) order flow is uninformative and the manager relies on her private signal

y € {a, 5}. It follows from Bayes’ rule that

ey fy=a
Pr(6 = aly) = (A.1)

1—X .
Gy ify=5
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having used the facts that Pr(f = o) = ¢, Pr(y = a|f = o) = A\, and Pr(y = 5|6 = 8) = \.
By assumption, ¢ € (1/2,1) and X € (¢,1). Now Pr(0 = a|ly = a) > Pr(0 = Bly = «) if and
only if ¢ > 1 — A (which is true by assumption) and Pr(§ = Bly = ) > Pr(0 = a|y = 8) if
and only if A > ¢. Therefore, if ¢ € (1/2,\), the manager optimally chooses I = a if y = «
and [ = bif y = B, and if ¢ € [\, 1), the manager always chooses I = a (since in this case,

Pr(0 = aly) = Pr(6 = Bly) for any y).

Pricing function. The market maker observes total order flow x and the firm’s report z €
{a, B}. The equilibrium price equals p(z, z) = E[v|z, z]. If z > 1 —n, the market maker knows that
the firm manager infers that informed traders have bought the asset, implying that the fundamental
f is equal to the reported signal z. As a result, the firm manager takes the correct investment
decision and p = v. Similarly, p = v if x < n — 1 because the manager learns that the fundamental
0 is not equal to the reported signal z and revises her beliefs before investment. In the intermediate
range, * € (n — 1,1 — n), the market maker only uses the reported signal z € {«, 3} to set the

equilibrium price:

po(z) = [Pr(0 = a,y = al2) + Pr(9 = B,y = B2)]7 (A.2)

with

gA (1 —m(e))

PO = ek == G g (@ m@) + (-t e Am A
e (1 —g)Am(B

Pr(6 =By =Flz=0) = T R T e T (=T e = A
e g m(a)

0=y = el =0 T g @)+ (- - )

Pr(0 = B,y = Bz = 8) = L (4.6)

(@A + (1= q)(1 = A))m(e) + (1 = @A +q(1 = X)(1 = m(B))
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Hence,

() — (aA (1 = m(0)) + (1 — g)Am(B))v
(@A + (L= q) (1~ N) (L —m(@) + (1 A+
() — (aAm(a) + (1 — QA(L - m(3
(@A + (1~ g)(1— N)mla) + (1 DA+ ol

q(1 = A))m(B)
)1)) . (A.8)

Trading profits. In this step, we verify the informed traders’ optimal trading strategy. We
denote an informed investor’s realized trading profit, given the private signal s; = 6 and the public
signal z, by II(s;, z). We also note that total order flow becomes perfectly revealing with probability
n. In this case, the market maker infers the informed investors’ private signal so that trading profits

are equal to zero.

1. If # = a and z = «, informed investors buy. It follows that their trading profit is equal to

M(a,a) = (1 —n) (Pr(y = ald = a,z = a)v — py(«)) , (A.9)

where 1 — n is the probability that total order flow is not perfectly revealing, Pr(y = a|f =
a,z = a)U is the expected firm value given that § = a and z = «, and py(«) is the price set

by the market maker given that total order flow is not perfectly revealing and z = a.

2. If § = 8 and z = «, informed investors sell, and hence

(8, a) = (1 —n) (pyp(a) = Pr(y = B0 = 5,2z = a)v) . (A.10)

3. If # = a and z = (3, informed investors sell, and hence

(a, §) = (1 = n) (pp(B) — Pr(y = alf = a, 2 = B)v). (A.11)
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4. If # = and z = (3, informed investors buy, and hence
I(3,8) = (1 —n) (Pr(y = Bl6 = B,z = B)v — pp(B)) - (A.12)

We have shown in the main text that either m(a) = 0 or m(8) = 0. First, suppose that m(«) = 0.

Then, equations (A.7) and (A.8) yield

_ (gA + (1 — g)Am(B))v
A+ (1 =)0 =A) + (1 = A + (1 = X))m(5)

_ (1-q) v
Po(b) = (I—gA+q1—N)

pp(cx) and (A.13)

(A.14)

Moreover, given that m(«) = 0, it follows that Pr(y = |0 = 5,z =) =1, Pr(y = a|0 = 8,z =

B)=0,Pr(y=p5l0 =a,z=p) =1, and Pr(y = a|f = o, z = §) = 0. Furthermore, we have that:

Prly=al =a,z=0a) = )\+(1_)\)\)m(6):1—Pr(y:ﬁ|9:a,z:a) (A.15)
Pr(y =050 =6,z = «) )\m()\ﬁr)nj_’i)_/\zl—Pr(y:aW:B,z:a). (A.16)
It follows that realized trading profits are given as:
I(5,8) = (1—=n)w—py(B)) >0 (A.17)
(e, B) = (1 =n)py(B) >0 (A.18)
n(g,a) = (1-n) (p@(a) - M) >0 (A.19)
M(a,a) = (1—n) (A i f”A)m(ﬁ) —p@(a)) >0, (A.20)

if m(B) < 1. If m(B) = 1, then z = [ is never observed and py(a) = Av. It follows that
II(5, ) = (e, ) = 0 so that informed investors are indifferent. Without loss of generality, we
assume that they trade according to the conjecture in this case. Our previous condition ¢ > ¢

ensures that m(f) < 1 in equilibrium.
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Second, suppose that m(5) = 0 and m(a) € [0,1]. Equations (A.7) and (A.8) yield

B A (1~ m(a))

Po(@) = A T — (L= ) (1= m(a)) (A-21)
B (gAm(a) + (1 — N

) = (T A=) — N)ymle) + (- r+ gl —N)" (A.22)

Moreover, given that m(3) = 0, it follows that Pr(y = ol = o,z = a) =1, Pr(y = 8|0 = a,z =

a)=0,Prly=ald =p,z2=a) =1, Pr(y = 8|0 = B,z = a) = 0. Furthermore, we have that:

A

Prly=pl0=F.2=5) = g gme =)W =alf=52=5)  (A%)
Priy = ol = a,z =) le—f’r(yzﬁ]@za,z:ﬁ). (A.24)
It follows that expected trading profits are given as
65.8) = (=) (5 - ) 0 (A.25)
MHa,8) = (=) () - orn o) >0 (A.26)
M(B,a) = (1-mpyla) >0 (A.27)
O(o,) = (1 —=n)(@—py(a)) >0, (A.28)

if m(a) < 1. If m(a) = 1, then z = « is never observed and pyg(5) = Av. It follows that
(e, B) = (B, B) = 0 so that informed investors are indifferent. Without loss of generality, we
assume that they trade according to the conjecture in this case. We will show below that m(a) =0

in equilibrium.

A.2 Proof of Lemma 1

We derived in the main text that the manager’s marginal benefit is given by

MB(y) = w (E[p|z # y] — E[p|lz = y]) . (A.29)
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Proposition 1 shows that the equilibrium stock price depends on z only in the uninformative range,
x € (n—1,1—mn). In the two extreme intervals, p = v. It follows that we can re-write the marginal

benefit as

MB(y) =w(l —n) (po(z #y) —pp(2 = y)), (A.30)

where 1 — 71 is the (conjectured) probability that the order flow is not perfectly revealing and

pol) = (gA (1 —m(a)) + (1 — g)Am(B))v

(A+ 1= =N) (1 =m(a)) + (1 —g)A+q(1—A)m(B)
po(B) = (gAm(a) + (1 — g)A(1 —m(B)))v ‘
(@A + (1= q)(1 = A)m(a) + (1 = g)A +q(1 = N))(1 —m(B))

(A.31)

(A.32)

First, suppose that m(a) > 0 and m(8) = 0. In this case, the marginal benefit, given y = «, is

equal to

MB(a) = w(l—=n)(pe(B) - ps(e)) (A.33)

)1~ MA@~ 1)
M= m(@)(2g — 1)+ m@)(1—q) =

3)

w(l
(I=X4+(2X—=1)q)(q

where we have used ¢ > A(2¢ — 1) which follows from § < ¢ < A < 1. Hence, we find that m(a) =0
so that the manager does not manipulate if y = a.

Next, we consider m(«) = 0 and m(8) > 0. For y = /3, the marginal benefit of manipulation is

equal to

(1 - MA2¢ — Dw(l —R)7
A= (2A=1)g) — (L =m(B))(A — (2A = 1)g)*

MB(8) = (A.34)

The marginal benefit decreases in n. Next, we set the marginal benefit equal to the marginal cost

to solve for the manager’s best-response function:

m(7) = <\/ (2 212(1 9 ) (A.35)
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where f =X — (2\ —1)q € (0, %) To ensure an interior solution, we set ¢ > ¢ with

(I=XMA(2¢-1)
A+q—2)\

> 0, (A.36)

c=

which implies that the manager’s marginal benefit at 7 = 0 and m = 1 is strictly lower than the

marginal cost so that m(n) <1V n € [0,1].

A.3 Proof of Lemma 2

If the manager sets m(a) = 1 or m(f) = 1, then we have shown in Proposition 1 that informed
traders do not trade. Consequently, their expected trading profits are equal to zero, and no informed
trader is willing to acquire a private signal.

For m(a) = 0 and m(f) < 1, we obtain

Hor = O+ (1= Na(B)(a, a) +a(1 — N1 m(B)(a, 5) (A.37)

+ (=)@ =X+ Am(B)IL(B, a) 4+ (1 — g)A(1 —m(B))I(5, 5) (A.38)

where II(0, z) is given in the proof of Proposition 1. It follows that

M = (=) g+ (0= V) (55 g () ) +al = (- @(9)]

A+ (1 -XNm

b @A am) (mle) - 5 ) + (- M= A )]

CAm+1-—
= (1-n)[gA— (1 -gAm+ (1 -gAL—-m)]v+ (1 —n)[g(1 - A) — (1 —=g)N)] (1 —m)py(53)

+ (1=n)[(1 =)= A+2m) —gA+ (1 = X)m)] py(e)

with

B gA+ (1 —q)Am
S A+ (A=) =N+ (1= A+ = N)m

po(e) T (A.39)
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and

_ I—gr
Plugging in these two expressions leads to
1) — 20 VA= )1~ n)(1 — (27— (2~ D) +1) )

A= A=1Dg)(1 = (1 =m)(A = (2A = 1)g))

It follows that TTo(1) = 0, TTy(0) = G pirrryiorgisery > 0, and that J% < 0. Tf i € [0, 1), then

there is an interior solution n € (0,1) if 7 < IIp(0). If 7 > IIp(0), then we also find n = 0.

Similarly, if m(«) < 1 and m(5) = 0, we obtain:

IIy; = qgX (1 — 7/7\’L) H(Oé, Oé) +4q ()\T/fb +1- )\) H(a, B) (A42)

+ (1= =) -m)IB, ) + (1 —q) A+ (1 = X)m) (5, 5) (A.43)

where I1(6, z) is given in the proof of Proposition 1. Proceeding as before yields that IIy decreases

~

in m.

A.4 Proof of Proposition 2

We have shown above that the manager’s best response is given by:

(1 . f) 4(1fcﬁ)w£q+€:1)(2qf£) +1-1
m(ﬁ) — <\/ (2¢-1)(1-¢) )

1 A.44
» 1) (A.44)
and that the best response for informed traders is given by:
0 itm>m
n(m) = (A.45)
1 T0(1— 0+l i <

T 20— (1—q)q(1—m)(2me+1)
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where we have used £ = A\ — (2)\ — 1)q. The threshold m € (0, 1) is implicitly given by Il = 7 at
n = 0. To obtain an interior solution for (n,m), we require n(m(0)) > 0. Plugging m(0) into the

traders’ best-response yields the following condition for an interior equilibrium:

(1 — £+ m(0)f) < 2(1 — M1 —¢q)g(1 — m(0))(2m(0)¢ + 1). (A.46)

We have shown before that m(0) satisfies:

2qg — Dw(1l = M)A

m(0)¢ (1 — ¢+ m(0)¢) = ( . (A.47)
which, in turn, implies that the condition for an interior equilibrium becomes:
(2 — Dw(1 = M)A
2(1 - 1-— 1- 2 1
e < 2(1= DAL = g)a(L = m(0)2m(0)¢ + 1)
o 1< 21299000~ m0)@m(0) + 1)e. (A.48)
(2¢ = Dw
We have assumed that ¢ > ¢ = % so that a sufficient condition is that 7 is (strictly) less
than the right-hand side evaluated at ¢ = ¢:
2(1 — 1—-X2A
! z?iq—( 5 A (0)(1 = m(0)2m(0)f + 1) = 7 > 0 (A.49)
with
(1-0) (/250D 1 -1
m(0) = <\/ G DY ) € (0,1). (A.50)

20

To summarize, the two conditions ¢ > ¢ and 7 < 7 imply that:

1. n(m(0)) > 0 and n(m(1)) = n(0) < 1;

2. m(n(0)) > 0 and m(n(1)) = m(0) < 1.

Hence, the equilibrium is interior. Next, we will prove uniqueness.
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We know from the best responses that the equilibrium pair (m,n) is characterized by:

eml(l =404+ ml) = (1 —n)(2¢g — Dw(1 — M)A (A.51)

and

2A(1 = N1 —q)g(2ml+1)(1 —m)(1 —n) = 7€(1 — L+ ml). (A.52)

Combining these two conditions leads to the following:

m(1 — m)(2ml + 1) = 2((21‘1__;)2“; (A.53)
with m < m(0). At m = m(0), we find that:
m(0)(1 — m(0))(2m(0)¢ + 1) — mwg
> m(0)(1 — m(0))(2m(0)¢ + 1) — 2((21(1:(11))(10?
— m(0)(1 — m(0))(2m(0)¢ + 1) [1 _ ‘;’@q - (11)(_1 5 A)A]
> m(0)(1 — m(0))(2m(0)¢ + 1) [1 - ‘;’(2‘1 _5(11)(—15 A)A]

= m(0)(1 — m(0))(2m(0)f + 1) [1 — 1] = 0.

(2¢—1) wr
2(1—q)q ¢

Define the concave function g(m) = m(1 —m)(2mlé+ 1) — . It follows from ¢(0) < 0 and
g(1) < 0 that there are two roots for m € (0,1). Since g(m(0)) > 0, it follows that there is a unique

solution for m € (0, m(0)).

A.5 Proof of Corollary 1

Equilibrium Manipulation. We have shown above that m* is characterized by the concave

2((21q:q1))qw77 in the range m € (0,m(0)). It follows immediately

function g(m) = m(1—m)(2ml+1) —

that m™* increases in (w,7) and decreases in c.
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With regards to (A, ¢), we note that £ = A — (2\ — 1)q. It follows that the comparative statics

are given by:

dg(m) _ 999t _, 5. _ _
N _3£8>\_2m (I-m)(1—29) <0 (A.54)

because ¢ > 1/2. Tt follows that m* increases in A. Similarly, we find that:

dg(m) 0gol g 9 wrl (1 1
=9I L9 om2(1 —m)(2A—1) = L2 (= A.
dgq ol Oq * Jq m (1 -m)(2A-1) c 2\ ¢ * (1—q)? <0 (A.55)

because A > ¢ > 1/2. It follows that m* increases in q.

Equilibrium Informed Trading. We have shown above that the traders’ best response (in

an interior equilibrium) is given by:

T0(1 — € + l)

n(m) =1- 2(1 = M)A = q)q(1 — m)(2mel + 1)

(A.56)

with g—% < 0. It immediately follows that n* increases in ¢ and decreases in w because these
two parameters only affect n indirectly through m. Moreover, the manager’s best response is
independent of 7 so that n* decreases in 7.

To find the comparative statics concerning A, we totally differentiate the traders’ best response

at m*:

dn _ Onom  On

We have shown above that 3771 < 0 and %—T > 0. Moreover, we find that g—’; is equal to

CA=D7 (A= DA+ 22X = DA+ 1)(m — D)ml3 + 2 (m(2(X — 1)A(m + 3) +3) — 1) + 2(A — 1)Aml + ()

200 — 1)2X2(m — 1)2ml + 1)2(A— O)(A + (— 1)

which is negative because A € (1/2,1) and ¢ € (0,1). It follows that Z—K < 0. Following a similar
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approach, we can also confirm that Z—Z < 0.

Equilibrium Expected Firm Value. We have shown above that the manager learns 6 from
the financial market with probability n. With probability 1 — n, the manager relies on her private
signal. In this case, she chooses the correct project with probability A. As a result, the expected

firm value is given by:
E[v] = [n* + (1 — n™)A]w. (A.58)

It follows directly from A € (1/2,1) that E[v] increases in ¢ and decreases in w, 7, and ¢q. The effect

of A is given by:

= Q-+ 1-N"|7 (A.59)

We can show that dgE\v] > 0.

A.6 Proof of Proposition 3

The firm invests to produce an additional signal if and only if the expected firm value with
the additional signal (net of the production cost) exceeds the expected firm value without the
additional signal. As shown in the main text, it follows that d = 1 if k is lower than the threshold
k= (1—=X)(1—ng=o)v where ng—g is characterized in Proposition 2.

If the firm produces the additional signal (d = 1), then the manager’s marginal benefit of
manipulation (Lemma 1 evaluated at A = 1) is equal to zero. It follows that the manager chooses
not to manipulate, i.e., mg—1 = 0. The results in Lemma 2 imply that trading profits are equal to
zero so that ng—; = 0. Since the firm always invests correctly, the expected firm value equals v.

The comparative statics of k with respect to (¢, 7, ¢,w) follow directly from the (inverse of) the

comparative statics for ng—g derived in Corollary 1. The comparative statics concerning A is given
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dr dnd:()

i T

dk _ dvg=o
d\

X\

+(1—ng—g)|v= (A.60)

We have shown in Corollary 1 that % > 0 so that % decreases in \.

A.7 Proof of Corollary 2

1. Equilibrium manipulation. We have shown in Proposition 3 that m* = 0 if k < K and
(weakly) positive otherwise. We have also shown that K decreases in ¢ and A\, and increases
in 7, q, and w. As a result, around the threshold, m* increases in ¢ and A and decreases in
7, q, and w. In the range x > K, we have shown in Corollary 1 that m* decreases in ¢ and

increases in 7, w, ¢, and .

2. Equilibrium mass of informed traders. We have shown in Proposition 3 that n* = 0
if K < k and (weakly) positive otherwise. We have also shown that xk decreases in ¢ and A,
and increases in 7, ¢, and w. As a result, around the threshold, n* increases in ¢ and A\ and
decreases in 7, ¢, and w. In the range k > &k, we have shown in Corollary 1 that n* increases

in ¢ and decreases in 7, w, g, and A.

3. Equilibrium expected firm value. We have shown in Proposition 3 that the expected firm
value equals 7 — k if kK < K and [\ + (1 — A)ng=o| 0 otherwise. The firm chooses d € {0,1} to
maximize the expected value. Moreover, the expected value with d = 1 decreases in «, while
that with d = 0 is independent of k. As a result, around the threshold, the equilibrium firm
value (minus the potential information production cost) decreases in s, and thus it increases
in ¢ and \; it decreases in 7, ¢, and w. In the range k > K, we have shown in Corollary 1

that vg—g increases in ¢ and A; it decreases in 7, ¢, and w.
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