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Abstract

We analyze information acquisition by a firm and traders in financial markets, when the firm conditions
its investment decision on information revealed through stock prices and the firm is exposed to multiple
sources of uncertainty. We highlight the delicate strategic interaction between both parties with regards
to their incentives to acquire information. For positive NPV projects, there is a fundamental mismatch:
traders want to collect the same information as the firm to maximize trading profits, but the firm optimally
diversifies its information sources and acquires orthogonal information. For negative NPV projects, the
agents’ incentives are aligned, but multiple equilibria can lead to discontinuous jumps in firm values and
stock prices. We connect the agents’ information choices to real efficiency and price efficiency, and highlight
an inherent discrepancy between these two efficiency measures.
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1 Introduction

It has long been recognized that the informational content of stock prices ("price efficiency")
relies crucially on the willingness of traders to acquire costly information (see e.g., Grossman and
Stiglitz, 1980; Verrecchia, 1982). Similarly, it has been recognized that the profitability of firms’
capital investment decisions ("real efficiency") depends on the quality of their private information
and their ability to select optimal projects (see e.g., Lambert, 1986; Harris and Raviv, 1996). A more
recent literature argues that there might be a connection between these two efficiency concepts
because some of the information in prices might be useful for firms and can help them to invest
more efficiently. This "feedback effect" (Bond et al., 2012) has received significant support from the
recent empirical literature (see e.g., Luo, 2005; Chen et al., 2007; Foucault and Frésard, 2012).!

While existing theoretical work has focused on the information acquisition decision of either
traders or firms in separation, our model allows both types to acquire information simultaneously.
In particular, we show that the information acquisition decision of one type generates spill-overs
for the other type. On the one hand, traders’ acquisition of private information renders the
equilibrium stock price more informative and allows the firm to extract valuable information about
its investment opportunities. On the other hand, the firm’s acquisition of private information is
reflected in a more efficient investment decision, which affects the firm’s future value and thus the
traders’ payoffs.

We study this joint information acquisition problem in a setting with multiple sources of
uncertainty. More specifically, a firm can invest in a risky growth opportunity whose return is
determined by two fundamentals (or "shocks"). All agents, traders and the firm, are ex ante
uninformed about these shocks and not sure whether it is worthwhile to invest in the project.
Both types can acquire private signals about these two shocks but it is too costly for them collect
perfect information along both dimensions. Thus, all traders and the firm have to decide how
to spend their limited resources most efficiently and what type of uncertainty they would like to

reduce through learning. Importantly, each type has a comparative advantage with respect to one

1See also Edmans et al. (2012), Foucault and Frésard (2014), Edmans et al. (2017), and Dessaint et al. (2019) for empirical evidence of
market feedback.



of the two shocks. Traders can learn more efficiently about one dimension of uncertainty (like e.g.
product demand), while the firm can learn more efficiently about the other dimension (like e.g. its
production cost).

Our first major insight is that this two-way interaction between the firm and traders might entail
a fundamental tension of incentives. On the one hand, the firm can most efficiently learn from
the stock price if all traders acquire private information about the shock it is not acquiring private
information about itself. This way the firm can rely on price information regarding one shock and
on private information for the other shock. The traders’ strategic incentive, on the other hand, is
more nuanced. In particular, the incentive depends crucially on the project’s ex ante net present
value (NPV). If the NPV is negative, and the project is less likely to be implemented, traders want
to acquire information that differs from the information collected by the firm. If however the NPV
is positive, the incentive is reversed and traders want to acquire the same information as the firm.

This intricate relationship between the incentives to acquire information leads to a very nuanced
information choice equilibrium. We show that the traders” and the firm’s information choice
depends on the project’'s NPV and the firm’s signal precisions along both dimensions. More
specifically, the firm is able to specialize along one dimension only for moderately negative NPV
projects. In this case, traders want to acquire different information such that the resulting price
signal allows the firm to learn information about the other dimension. In other cases, however,
we find that the firm also has to acquire information about the shock for which traders have a
comparative advantage. In particular, for extremely low NPV projects, the firm is forced to acquire
information along both dimensions even if the underlying signal becomes almost pure noise.

Our model abstracts from any agency conflicts and assumes that the firm only invests in the
project if its expected return is positive. In particular, the firm’s expectation comprises two types of
signals. First, private signals about the two fundamental shocks that determine the project return.
Second, an endogenous feedback signal based on its stock price. Importantly, we assume that the
firm cannot acquire a perfect signal about both shocks, such that it has to rely on price information

in some circumstances.



The firm’s equilibrium stock price is an increasing step function of total order flow, i.e. the sum
of informed traders” demand and that of liquidity traders. A competitive market maker observes
total order flow and sets the stock price equal to the expected firm value. The market maker can
more easily interpret variation in total order flow, if all traders acquire information about the same
shock. In this case, particularly high values reveal a "high" shock value and vice versa for low
values. If, however, traders acquire information about both shocks, order flow is affected by both
fundamentals and it is not clear whether a slightly above-average observation is the result of a
"high" fundamental for shock one and a "low" fundamental for shock two, or vice versa. Thus, the
composition of traders has a direct effect on the informational content of total order flow and the
equilibrium stock price.

Our main research question is whether the different agents acquire information in a way that
leads to efficient real investment decisions. To answer this question, we introduce the concept
of real efficiency, which is defined as the firm’s expected long-term value. Perhaps surprisingly,
we find that real efficiency could be decreasing in the firm’s signal precision. This result arises
through the indirect effect of the signal precision on the composition of informed trading. In
particular, a higher precision about one shock can encourage traders to acquire more information
along this dimension. This, in turn, reduces the informational content of the stock price along the
other dimension, which is particularly valuable for the firm. We show that the net effect might be
negative. In this case a better-informed firm will have a lower long-term value.

As a second efficiency measure, we consider price efficiency, which is defined as the reduction in
payoff variance that can be achieved by conditioning on the stock price. This measure captures the
degree to which asset prices predict future payoffs and is widely used in the empirical literature to
gauge the informational content of stock prices. The conventional view is that price efficiency is a
good proxy for real efficiency because a higher price-payoff correlation is expected to indicate that
prices reveal more information to real-decision makers. We find that this conventional wisdom is
generally incorrect when the underlying information environment is endogenized. For instance,

we show that lower NPV projects generally have higher price efficiency but lower real efficiency.



For negative NPV projects, the firm’s and the traders’ information choice incentives are aligned.
This means that both agents want to acquire information that differs from the information acquired
by the other party. While this scenario might lead to a very efficient outcome with specialization,
it can also lead to multiple equilibria. More specifically, there can be another (stable) information
choice equilibrium in which the firm and traders acquire information about the shock for which the
other party would be more qualified. In this scenario, we show that independent of the equilibrium
that the agents’ coordinate on, small shifts in model parameters can lead to discontinuous jumps in
stock prices and our two efficiency measures. For instance, a small increase in the firm'’s precision
or the project’'s NPV can lead to a discrete drop in real efficiency. Quite interestingly, the source
of multiple equilibria in our model is the incentive of traders and the firm to acquire different
information. This channel distinguishes our mechanism from the existing literature (see e.g.,
Barlevy and Veronesi, 2000; Garcia and Strobl, 2011; Goldstein et al., 2014; Mele and Sangiorgi,
2015) in which learning complementarities among traders lead to multiple equilibria.

The fundamental insight that the type of information in stock prices matters for market feedback
is not new. Following Bond et al. (2012), who differentiate between forecasting price efficiency and
revelatory price efficiency, several empirical papers have tried to separate the two concepts (see
e.g., Bai et al., 2016; Edmans et al., 2017). Our contribution is to provide a formal framework that
emphasizes the potential misalignment of incentives behind the information acquisition decisions
that give rise to these efficiency measures.

The model makes three important assumptions. First, we consider a firm affected by multiple
shocks that govern the return on its investment opportunity. Potential examples of these different
dimensions of uncertainty are multinational firms that are exposed to different country-level shocks
or conglomerates that are exposed to different industry-level shocks.? Second, we allow the firm
and traders to acquire private information about the same set of fundamental shocks. Therefore,
we do not preclude traders from certain types of shocks and consider all of them learnable. We
do, however, assume that traders are relatively more skilled to learn about one dimension of

uncertainty, while the firm is more skilled along the other dimension. Our third assumption is

2Goldstein and Yang (2015) discuss the importance of studying different dimensions of uncertainty in a model without market feedback.



that neither the firm nor informed traders have sufficient resources to collect perfect information
about all shocks. This assumption is important for two reasons. First, it implies that the firm
can learn additional information from the stock price. Second, it also creates a trade-off for the
two types and renders the information acquisition decision non-trivial. The existing literature has
highlighted several frictions that might lead to such a constraint (see e.g., Aghion and Stein, 2008;
Mondria, 2010; Kacperczyk et al., 2016, among others).

Our paper contributes to two strands of the literature. First, it is related to the literature
studying the real effects of financial markets, where trading and prices affect the firms” investment
decisions, which in turn affect the firms’ cash flows. This is known as the "feedback effect" and
Bond et al. (2012) provide a review of this literature. The first theoretical contributions take the
agents” information endowment as given and study market feedback with respect to a single
fundamental.® Building on these models, Gao and Liang (2013) and Dow et al. (2017) endogenize
the traders’ signal precision in a single-shock setting, while Goldstein and Yang (2019) consider
a setting with fixed information endowments but two sources of uncertainty. In contrast to these
papers, we endogenize the information endowment of the firm and traders. As a result, we get
several novel predictions relative to the existing work. In particular, our framework leads to an
endogenous degree of information overlap, which in turn affects price efficiency and real efficiency.
In related work, Benhabib et al. (2019) also study a feedback model with mutual learning by firms
and traders. However, in contrast to our work, they assume that both types acquire information
about different shocks. As a result, they do not focus on the strategic coordination between the
firm and traders and the efficiency implications of this interaction, which lies at the core of our
paper.

Second, our paper is also related to the economics and finance literature studying strategic
information acquisition with multiple sources of uncertainty. Goldstein and Yang (2015) study a
trading model in the spirit of Grossman and Stiglitz (1980) and show that the presence of multiple

sources of uncertainty gives rise to strategic complementarities. Van Nieuwerburgh and Veldkamp

3See e.g., Dow and Gorton (1997), Subrahmanyam and Titman (2001), Goldstein and Guembel (2008), Goldstein et al. (2013), and
Edmans et al. (2015).



(2009), Van Nieuwerburgh and Veldkamp (2010), and Kacperczyk et al. (2016) study trading models
with multiple pieces of uncertainty and traders with limited attention capacity. Goldman (2004)
and Goldman (2005) study a setting featuring a multi-division firm and endogenous information
acquisition by traders. Our contribution relative to this literature is twofold. First, we allow for
a real effect of the information collected by traders because of the feedback effect. Second, we
also study the simultaneous information acquisition on the real side and its repercussions to the
financial market. As a result, non of these papers addresses the potential firm-trader coordination
problem and its efficiency implications.

The remainder of the paper is organized as follows. In Section 2 we provide the description
of the model. Section 3 characterizes the equilibrium outcomes and Section 4 discusses model

implications. Section 5 concludes and all proofs are contained in Appendix A.

2 Model Setup

The model considers three dates, t € {0,1,2}, and a single firm. The firm’s stock is traded
in a secondary financial market and a benevolent manager can increase the firm’s value through
investment in a growth opportunity (or "project”). The financial market is populated by informed
traders, uninformed noise traders, and a competitive market maker. At t = 0, informed traders
and the firm’s manager acquire private signals about individual components of the return on
the growth opportunity. Att = 1, trading in the financial market occurs and subsequently the
manager decides whether to invest in the growth opportunity. This decision may be influenced
by the realization of the stock price P which creates a feedback effect (Bond et al., 2012). Att = 2,
the firm’s terminal value V is realized and paid out as a liquidating dividend. Figure 1 provides a

timeline for the key events of the model.
2.1 The Firm’s Decision

The firm is operated by a benevolent manager who maximizes the firm’s expected long-term

value V.# The firm has access to a growth opportunity with return, or net present value (NPV),

4For simplicity, we simply use "firm" instead of "firm manager" throughout.
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t=0 t=1 t=2

traders and firm manager 1. traders submit market orders y; firm value V realized
acquire private information 2. market maker sets stock price P
simultaneously 3. firm manager chooses investment K

Figure 1: Timeline for the main model.

equal to x% + x%, which is exposed to two dimensions of uncertainty represented by j € {M, F}.5

The firm can decide to invest in this growth opportunity by choosing K € {0,1}. The return on

the growth opportunity depends on the two independent random variables Oy and Or, which

take on values "high" (H) and "low" (L) with equal probability.® We define the realization of each
H - 1

component by xf = 1 (1 +0) and x* = 1 (1 — o) and make the following assumption regarding

the return on the growth opportunity.”

Assumption 1 (Return on growth opportunity) The return on the growth opportunity satisfies the

following condition: x* < 0 < xH such that u € (-0, o], with o > 0.

Assumption 1 ensures that the firm’s investment problem is non-trivial. If u > o (u < —0), the
return on the growth opportunity would be always positive (negative) such that the firm would
always (never) invest and there would be no role for learning about 6;, which is the focus of this
paper. The ex ante NPV of the growth opportunity, E [xeM + x0F ] = U € (-0, 0], can be negative or
positive and we will show below that u plays a crucial role in our model. Intuitively, a higher value
of u indicates that the growth opportunity is more profitable and could be interpreted as "good
times" in which the firm has access to better investment opportunities. In the limit uy — —o, the
growth opportunity never generates a positive NPV, ex post, and the firm never invests. Vice versa,
if u — o, the NPV is always positive, ex post, and it is always profitable to invest. The constant o

determines the variance of the return on the growth opportunity, Var (x% + x%) = 142, We will

SPrevious papers in the finance literature with a similar assumption include Kondor (2012), Goldstein and Yang (2015), and Goldstein
and Yang (2019).

¢Note that the more general assumption P (6; = H) = 1y € (0, 1) is isomorphic to adjusting u: because the firm’s investment decision is
only affected by the expected NPV.

’We draw 0)1 and O independently from the same distribution to avoid any baked-in asymmetries between the two dimensions of
uncertainty.



oftentimes also refer to the risk-adjusted ex ante expected return, x = £ € (-1,1].

The firm’s terminal value is given by:
V = Vo +K (x4 x9). 1)

The constant Vj represents the return on the firm’s assets in place, K € {0, 1} the firm’s invest-
ment choice, and x% + x% the return on the growth opportunity. To ease the exposition, we set
Vo = 0 in the following. Including the assets in place explicitly will not affect our results.

The firm’s investment decision is made to maximize the firm’s expected value. As a result, the
firm invests (K = 1) if its conditional expectation of x? + x is positive and does not invest (K = 0)
otherwise.®

Next, we describe the two signal types that influence the firm’s investment decision in more
detail. The first signal type is an endogenous feedback signal from the financial market based
on the stock price P. The informational content of this signal depends on the traders” aggregate
information choice, as we will show below.

The second type comprises private signals about the two components that affect the return
on the growth opportunity. We assume that the firm manager automatically observes a private
signal s1 € {Or, 0} with precision w = P (s; = Or) € (0, 1]. This signal can be interpreted as private
information that the manager obtains as a result of running the firm. In addition to this signal, the
firm can acquire another signal about either Or or 8);. We denote the firm’s information choice
by a € {0,1} with a = 1 corresponding to the choice of F—information and a = 0 to the choice of

M—information. We write the firm’s private signal as sy(a) € {H, L, 0}, which is given as:
Or wp.a
$2(0) =16y wp. (1 —a) X bw )

0 otherwise.

If the firm chooses a = 1, it receives a perfect signal about 0. If it chooses to learn about

Om (a = 0), it receives a perfect signal about 0y with probability 6w.® The constant 6 € (0,1]

8Without loss of generality, we assume that the firm does not invest when indifferent.
See, among others, Foucault and Frésard (2012), Foucault and Frésard (2014), or Dugast and Foucault (2018) for papers with a similar

signal structure.



(inversely) captures the firm’s comparative advantage with respect to F—-information. If 6 — 0, the
firm cannot obtain an informative signal about 0y, while 6 — 1 implies that it can learn equally
well about both shocks. Note that if the firm chooses a = 0, it will also observe a signal about O
through s1.

The firm chooses whether to acquire information about Or or 0y to maximize the expected
firm value: max,eo,1} E[V], where V is defined in equation (1). It is important to note that the
firm’s terminal value depends on the optimal investment decision K. As we will show below,
receiving informative signals allows the firm to invest more efficiently, which, in turn, raises the

firm’s expected value.
2.2 The Financial Market

Trading at t = 1 is modeled in the spirit of Kyle (1985). The financial market consists of the
following three types of traders who trade claims to the firm’s liquidating dividend V at a price
P. First, a unit continuum of risk-neutral informed traders, indexed by i € [0,1]. Each trader
can either buy up to one unit, sell up to one unit, or not trade at all, i.e. y; € [-1,1].1° Because
traders do not have price impact and are risk-neutral, they will always trade up to the limits if they
decide to trade." In addition to informed traders, noise traders collectively demand z ~ U[-1,1],
which generates non-fundamental variation in total order flow and leads to a noisy price signal.
Lastly, a risk-neutral, competitive market maker sets the stock price based on aggregate order flow

Y = Ié yidi + z to break even in expectation:
P =E[VI|Y]. 3)

Informed traders face the same information choice problem as the firm. Each individual trader
i € [0, 1] has to decide whether to acquire a private signal o; € {H, L, 0} about 81 or Or. We denote

this decision by b; € {0, 1} with b; = 1 corresponding to the choice of M—information and b; = 0 to

WA potential justification for this position limit are borrowing or short-sell constraints. See also Goldstein et al. (2013) and Goldstein
and Yang (2019) for feedback models with the same assumption.
Following the existing literature, we assume that traders do not trade if they are indifferent.



the choice of F-information.?> We can thus write the private signal for trader i as:

Om w.p. by

0i(b)) =16r  w.p. (1-by)y (4)

1] otherwise.

We assume that traders can acquire equally-precise signals about 0) and 0f.* Ex post, however,
they specialize in one of the two shocks as in Goldstein and Yang (2015). To ease the exposition
and to highlight the impact of 6 and w, we set y, the precision of the traders” private signal, to
unity for the rest of the paper. Hence, traders can receive a perfect signal about either 6y or Of.

The crucial difference between traders and the firm is that traders can learn equally well
about 05 and OF, while the firm has a comparative advantage with respect to information about
Or. It follows that traders have a relative advantage with respect to information about 0)1. We
can therefore interpret Oy as external information such as overall economic conditions or the
firm’s product demand. The other dimension of uncertainty (0r) can be interpreted as internal
information such as the firm’s production cost, which also affects the asset payoff V. The parameter
0 captures the degree of ex ante information asymmetry between the firm and traders.

Trader i chooses whether to acquire information about 6y or Or to maximize ex ante trading
profits: maxy,e(o,1) E[I1;] where IT; = y; (V — P) and b; determines the trader’s private signal type
in equation (4). It is worth noting that the expected trading profits also depend on the firm’s real
investment and information acquisition decision, which impact V. Thus, the traders’ objective is
not only affected by their own information choice but also by the firm’s choice. We will elaborate

more on this interaction below.
2.3 Equilibrium

Our equilibrium concept is Perfect Bayesian Equilibrium ("PBE"). We allow for a (symmetric)

mixed-strategy information choice equilibrium such that each trader chooses b; = 1 with proba-

2Thus ex ante identical traders might end up with different types of signals ex post, as in Grossman and Stiglitz (1980) or, more recently,
Brunnermeier et al. (2020).

BIn a previous version of the paper, we allowed for different signal precisions across the two shocks. Assuming equal precisions
significantly simplifies the analytic expressions and does not change the main results significantly.
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bility x € [0, 1]. Since traders’ private signals are conditionally independent, the mass of traders
with a perfect signal about 051 and Or is given by x and (1 — x), respectively. Similarly, the firm
chooses a = 1 with probability g € [0,1]. Hence, the firm receives a perfect signal about 0r with
probability g. With probability 1 — g, it observes an imperfect signal about O (with precision w)

and an imperfect signal about 0y (with precision dw).
Definition 1 (Perfect Bayesian Equilibrium) A PBE consists of the following two sub-equilibria.
1. Trading and investment equilibrium at t = 1:

o informed traders choose their asset demands, given their private signal, to maximize expected
trading profits;

o the market maker sets the price conditional on total order flow to break even in expectation;

e the firm chooses capital investment, given its private signals and the stock price, to maximize its
expected value.

2. Information choice equilibrium at t = O:

e traders acquire information to maximize expected profits anticipating the equilibrium at t = 1;

e the firm acquires information to maximize its expected value anticipating the equilibrium at t = 1.

We assume that all agents have rational expectations in that each player’s belief about the other players’

strategies is correct in equilibrium.

3 Model Solution

In this section, we characterize the different equilibria in the main model. In Section 3.1, we first
discuss the trading and investment equilibrium at t = 1. Subsequently, in Section 3.2, we analyze

the information choice equilibrium at ¢ = 0.
3.1 Trading and Investment Equilibrium

As a first step, we take the firm’s and the traders’ information choices as given. Therefore, each

individual trader receives a perfect signal about 0 with probability x and a perfect signal about

11



Or with probability 1 — x. Similarly, the firm receives a perfect signal about O with probability
g and an imperfect signal about Or and 0); with probability 1 — q. Based on these signals, each
trader has to decide whether to trade and, if yes, whether to buy or sell the asset. Furthermore,
the market maker sets the equilibrium stock price based on the observed order flow and the firm
decides whether to invest in the growth opportunity, given its private signals and the equilibrium

stock price. We formally derive the trading and investment equilibrium at ¢ = 1 next.

Proposition 1 (Trading and investment equilibrium) For given mixing probabilities (q, x) € [0, 1]?,

there is a trading and investment equilibrium in which:
1. Each trader buys on a "high” signal (¢; = H) and sells on a "low” signal (c; = L);
2. The firm’s stock price is an increasing step function of total order flow, P = p(Y) > 0;
3. The firm’s investment decision satisfies:

(a) If kx <0, the firm invests if s1 € {0,H}, s, € {0,H}, and P € P;

(b) If x > 0, the firm invests if s = H or if sy = H or ifs; € {0,L}, sp € {0,L}, and P € P.

We provide the explicit expressions for p(Y) and P in the Appendix.

Proof: See Appendix A.1.1.

Proposition 1 shows that each trader optimally buys (sells) on positive (negative) private infor-
mation about the firm’s fundamentals in anticipation of a higher (lower) payoff V. It follows that
total order flow Y depends on the informed traders” private signals and therefore the two funda-
mentals Oy and Or. We show in Appendix A.1.1 that there are six distinct intervals for Y which
reveal different signals about the fundamentals to the market maker. For instance, a particularly
high order flow indicates that 0y and Or are "high" because it must be the result of buy orders
from M—informed and F-informed traders. In this case, the market maker sets the equilibrium
stock price equal to E [K|Oy = H, 6 = H] (i + 0). As aresult, P inherits the informational content
of Y and the firm manager can learn additional information about the two fundamentals from this

feedback signal.

12



The firm’s investment decision depends on the private signal about 0r and/or 0p and the
price signal, which can reveal additional information about 01 or Or (or both). If the project’s ex
ante NPV is negative (x < 0), the firm will never invest after a "low" private signal because the ex
post project NPV is negative even if the price signal reveals that the other fundamental is "high."
However, if the private signal is "high" or if the firm did not receive an informative signal, the firm
invests based on a sufficiently high price realization.

If the project’s ex ante NPV is positive (x > 0), the firm will always invest based on a positive
private signal (s = H), independent of P, because the ex post project NPV is positive even if the
price reveals that the other shock is "low." If the private signal is "low" (s = L) or if the firm did
not receive a private signal (s = 0), it will invest based on a sufficiently high price realization. The
explicit range of price realizations that trigger investment depends on the firm’s signal types and
realizations (2 and s = (s1, s2)), the informational content of the price (x), and the project’s ex ante

risk-adjusted NPV (x = %). We fully characterize # in Appendix A.1.1.
3.2 Information Choice Equilibrium

Next, we analyze the optimal information acquisition decisions at the initial date t = 0. To this
end, we compute the firm’s expected value and the traders” expected trading profits to find the
optimal mixing probabilities 4* and x* from the intersection of the best-response functions g(x)
and x(g). For the firm, we use the optimal investment policy in Proposition 1 together with the
definition of V in equation (1) to compute the expected firm value, E[V]. The firm then chooses
g € [0, 1] to maximize E[V] which leads to a best-response function for a given mixing probability

x € [0, 1] for each individual trader.

Lemma 1 (Best-Response Function: Firm) Given the trading and investment equilibrium in Proposi-
tion 1, the firm's best-response function to a given x € [0, 1] is given by:
=0 if x <X(x,0,w)

qX) Ve [0,1] if x = X(x,, w)

=1 if x > x(x,6,w);

13



with k = g € (-1, 1]. We provide the explicit expression for x(x, 6, w) in the Appendix.

Proof: See Appendix A.1.2.

Lemma 1 formalizes the firm’s best-response function. If traders are sufficiently likely to learn
M—information, i.e. if x is sufficiently large, the firm always specializes in F—information and
chooses g(x) = 1. This result is very intuitive: a higher value of x renders the stock price more
informative about 0j1 and the firm wants to avoid overlap in the information conveyed by the price
signal and its private signal. Thus, the firm is better off acquiring a private signal about O if the
price signal is already more informative about 0. If, however, traders are more likely to learn OF,
the firm might acquire imperfect signals about O and 0. Overall, Lemma 1 shows that the firm’s
best-response g is an increasing step-function of x. Hence, if traders are more likely to learn about
Om, the firm becomes (weakly) more likely to learn only about 6r: ¢’(x) > 0.

Next, we solve for the traders’ best-response to a given mixing probability g. To this end,
we compute the expected trading profits for an individual trader with a private signal about
Om, E[IL;|b; = 1], and for an individual trader with a private signal about O, E[II;|b; = 0], using
IT; = y;(V —P) and the results in Proposition 1. We show below that the traders’ best response to any
g €[0,1]is a x(q) strictly between the two boundaries 0 and 1. Therefore, we can find the trader’s

best-response from the indifference condition, E[IL;|b; = 1; x = x(9)] = E[I1;|b; = 0; x = x(g)].
Lemma 2 (Best-Response Function: Trader) Given the trading and investment equilibrium in Propo-
sition 1, the trader’s best-response function to a given q € [0, 1] is given by:

1. Ifx € (-1,0]: x(q) € (0,1) and x'(q) = O;

2. Ifx €(0,1): x(q) € (0,1)and x'(q) <0.

The exact expressions for x(q) are given in the Appendix.

Proof: See Appendix A.1.3.

Lemma 2 characterizes the traders’ best-response function to the firm’s information choice
g € [0,1]. In general, traders know that choosing a low (high) mixing probability x when the firm

chooses a high (low) mixing probability g, makes it more likely that they buy (sell) when the firm
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has received a "high" ("low") private signal about one of the two fundamentals. In other words, the
information overlap (with regards to Or or 0)1) between the firm and traders is maximized at either
{x=0,9g =1} or {x =1,9 = 0}. In the former case, the firm and all traders learn Or perfectly. In
the latter case, traders learn 0y perfectly, while the firm is most likely to learn 0y, (with probability
Ow). While it might appear that traders should always try to align their information choices with
that of the firm, the results in Lemma 2 show that this intuition does not always hold in our setting.

If the project’s ex ante NPV is negative (x < 0), x is increasing in g. As a result, traders are more
(less) likely to learn about Oy, if the firm is more (less) likely to specialize in Or. The intuition for
the traders’ incentive to acquire different information from the firm is as follows. Suppose a trader
has received a "low" signal (0; = L) and (optimally) sold the firm’s asset as shown in Proposition 1.
If the firm learns about the same shock, it will optimally choose not to invest and the asset’s payoff
would be zero. If, however, the firm learns about the other shock, it might receive a "high" signal
and set K = 1if P € P. In this case, the asset’s payoff is equal to 1 X u < 0, which is preferable for
the trader who sold the asset. Alternatively, suppose a trader has received a "high" signal (0; = H)
and bought the asset. The trader wants the firm to invest, but only if both components are "high"
because the payoff would again be equal to u, and thus negative, otherwise. It follows that it is
again preferable for the trader if the firm acquires information about the other shock because the
firm will never invest after a "low" private signal.

Perhaps surprisingly, the traders” incentives to acquire information are reversed for positive
NPV projects (x > 0). In this case, traders are more (less) likely to learn about M—information,
if the firm becomes less (more) likely to specialize in F—-information. The reason traders want to
align their information choice with the firm is as follows. As before, suppose a trader has received
a low signal 0; = L and sold the asset anticipating a low payoff. Now, the trader is worse off if
the firm acquires information about the other shock because the firm might receive a "high" signal
about the other shock and invest. The resulting payoff would be equal to 1 X u > 0 and thus greater
than the payoff if the firm did not invest. Similarly, if the trader receives a "high" signal and buys,

he wants the firm to also receive a high signal to make sure the firm will invest such that the asset
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Figure 2: Best-response functions for the firm (solid, red) and an individual trader (dashed, blue). Parameters: w = % and 6 = 1.

payoff is positive.

Figure 2 plots the firm’s and the traders’ best-response functions for a set of parameter values.
The solid, red line corresponds to the firm and the dashed, blue line to an individual trader. In
both panels, the firm’s best-response is an increasing step-function of x: up to a threshold value
X, the firm sets g = 0, at the threshold value the firm is indifferent, and for xy > y, the firm sets
g = 1. The traders’ best-response, however, differs fundamentally across the two panels. In Panel
(a), for k¥ < 0O, the traders” best-response is increasing in q. As a result, there might be two stable
equilibria in this case: 4° = 0 and q* = 1.* Panel (b) corresponds to x¥ > 0 and shows that the the
traders’ best-response is decreasing in g in this range. Hence, there will be a unique information
choice equilibrium for positive NPV projects. In the particular example in Figure 2 the unique
equilibrium is g* = 0.

Next, we will use these best-response functions to solve for the agents” equilibrium information

choices g* and x".

Proposition 2 (Information Choice Equilibrium) The firm's and the traders” equilibrium information

choices are given by:
1. Ifx € (-1, -], there is a unique equilibrium with x* = % and q* = 0;

2. Ifx e (-3, 0], there is either a unique equilibrium or two equilibria with x* € [%, 1) and q* € {0,1};

“Note that the interior equilibrium is not stable: any small perturbation around 4*(0, 1) would imply a convergence to one of the two
corner equilibria. In the following, we will focus on stable equilibria. Section 4.2 discusses equilibrium multiplicity in more detail.
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3. Ifx € (0, %], there is a unique equilibrium with x* € (0, 3) and q* € [0, 1];
4. Ifx € (%,1], there is a unique equilibrium with x* = % and q* = 1;

We provide the explicit expressions for x* and q* in the Appendix.

Proof: See Appendix A.1.4.

Proposition 2 characterizes the firm’s and the traders’ optimal information choices, g* and x*.
We can see that there are four distinct regions for the project’s ex ante NPV «. First, if « is very
small, the firm is forced to privately learn about Or and Oy, i.e. to choose g* = 0. If the firm
specialized in F—information, traders would not have an incentive to trade because there would
be no information rents. Intuitively, 4 = 1 would imply that the firm does not receive a private
signal about Op1. As a result, it will only invest in the project after observing a price signal that
reveals Oy = H. However, in this case M—informed traders make zero profits because either K = 0,
which implies that V = 0, or K = 1, but their private information is perfectly priced-in by the
market maker. In equilibrium, traders split evenly between the two shocks: half of them become
M—informed and the other half F-informed. This result is quite striking because it implies that the
firm is willing to sacrifice a perfect signal about Or for noisy signals about both shocks independent
of their signal precision, i.e. for all (6, w) € (0, 1]2.

Second, if the project’s NPV is very large, we obtain the exact opposite outcome. In this case,
the firm can afford to specialize in F-information because traders are incentivized to produce
M—information in any case. Intuitively, the high project NPV implies that the firm will invest
even without learning M—information from the price signal. Consequently, M—informed traders
make positive trading profits and the firm can learn about 0 from the stock price. In equilibrium
traders again acquire information about both shocks evenly because they obtain an equally-precise
signal along both dimensions.

If the NPV is moderately negative, the best-response functions for the firm and for traders
are increasing, which can lead to multiple equilibria. In particular, the firm will always end
up at a corner solution with g* = 0 or 4* = 1, while the majority of traders becomes informed

about M—information, i.e. x* > % As shown in Lemma 2, traders want to acquire different
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information from the firm in this case, which is thus compatible with the firm’s preference for
different information (Lemma 1). At both equilibria 4* = 0 and g* = 1, the firm acquires more
precise information about Or, because 6 < 1. Hence, it is more profitable for traders to tilt their
information acquisition towards 0.

Finally, if the NPV is moderately positive, the two best-response functions have a unique
intersection. In this case, there is a conflict between the strategic incentives of the firm and traders.
Traders want to acquire similar information, while the firm wants to acquire different information.
This mismatch leads to a unique equilibrium and, more specifically, to the possibility of an interior

equilibrium for g*. For all g, traders tilt their information choice towards O such that y* < %

Corollary 1 (The impact of 6) The equilibrium information choices satisfy:
1. If " =1, x" does not depend on 6;
2. If g =0, x* is decreasing in 6 if k < 0 and increasing in 6 if k > 0;
3. If q* € (0,1), x" is increasing in 6 and q* is decreasing in 0.

Proof: See Appendix A.1.5.

Corollary 1 characterizes the dependence of x* and g* on 6, which captures the firm'’s ability
to learn M—information. An increase in 6 indicates that the firm can obtain a more precise signal
about 0p. In the pure-strategy equilibrium with g% = 1, the firm learns Or perfectly such that x*
does not depend on 6. In the other pure-strategy equilibrium with g4 = 0, x* can either increase
or decrease with 6. More specifically, it decreases with 6 if the project’s ex ante NPV is negative
and it increases with it otherwise. Intuitively, an increase in 0 increases the firm'’s overall signal
precision with regards to M—information. As shown before, traders want to acquire different
information for ¥ < 0 such that this increase is translated into a smaller share of M—informed
traders. Vice versa, for ¥ > 0 traders want to acquire similar information such that an increase in 0

is accompanied by an increase in x*. The same intuition applies to the mixed-strategy equilibrium,

which only occurs for positive NPV projects.
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Figure 3: Equilibrium mixing probability for traders as a function of 6. Parameters: w = %. Solid red line: q* = 1; Dashed blue line:
q* = 0; Dotted black line: g* € (0, 1).

Figure 3 plots x*, the equilibrium share of M —informed traders, against 6. Panel (a) corresponds
to a negative ex ante NPV project with « = —% and Panel (b) to a positive ex ante NPV project with
« = 2. In both cases, the solid red line represents equilibria with g* = 1, the dashed blue line those
with g* = 0, and the dotted black line interior equilibria with g* € (0,1). Panel (a) confirms the
weakly negative relationship between x* and 6 for negative NPV projects. It also emphasizes the
possibility of multiple equilibria in this scenario. In Panel (b), there is a unique equilibrium and
X" is weakly increasing in 6. For small values of 0, the unique equilibrium is 4* = 1. Then, any
increase in 0 leads to a decrease in q*. This figure also emphasizes the result in Proposition 2 that

a majority (minority) of traders acquires M—information if the ex ante NPV is negative (positive).

Corollary 2 (The impact of w) The equilibrium information choices satisfy:
1. If g* =1, x" does not depend on w;
2. If g* =0, x" is increasing in w if k < 0 and decreasing in w if k > 0;
3. If g* € (0,1), x" is increasing in w and q* is decreasing in w.

Proof: See Appendix A.1.6.

In Corollary 2, we investigate the impact of w, the precision of the firm’s exogenous signal about
Or. As before, x* does not depend on w in the pure-strategy equilibrium with g* = 1 because the

firm acquires a perfect signal about Or. If * = 0, an increase in w leads to more M —informed traders
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Figure 4: Equilibrium mixing probability for traders as a function of w. Parameters: 0 = %. Solid red line: q* = 1; Dashed blue line:
q* = 0; Dotted black line: g* € (0, 1).

for negative NPV projects because traders have an incentive to acquire different information. It
leads to less M—informed traders for positive NPV projects, because traders want to mimic the
firm’s information choice. In this specific case, an increase in w lowers the informational content of
the stock price with regards to M—information, which is particularly valuable for the firm because
its private signal along this dimension is less precise. We will show below that this indirect effect
mitigates, and in some cases even overturns, the positive impact of @ on the firm'’s expected value.

Figure 4 evaluates the relationship between w and x* numerically.

4 Model Implications

4.1 Efficiency Implications

Next, we analyze the efficiency implications of the agents” information acquisition decisions.
We focus on two widely used efficiency measures, real efficiency and price efficiency. Both measures

are formally defined next.
Definition 2 (Efficiency) We define the following two measures of efficiency.

1. Real efficiency is defined as the ex ante expected firm value:

RE = E[V].

2. Price efficiency is defined as the relative reduction in payoff uncertainty that can be achieved by
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conditioning on the price:
E[Var(V|P)]
Var(V)

PE=1-

First, we define real efficiency (RE) as the ex ante expectation of the firm’s realized long-term
value V as in Goldstein et al. (2013) and Goldstein and Yang (2019). This measure captures the
extent to which the firm correctly invests in the growth opportunity, i.e. it chooses K = 1 when the
ex-post NPV, xm 4 xOF g positive.

Second, our definition of price efficiency (PE) captures the informational content of the price. It
is equal to the proportion of the unconditional payoff variance that can be reduced by conditioning
on the equilibrium stock price P.?> Note that in our setting the conditional variance is a random
variable that depends on the specific price realization. For example, if the price takes on its highest
possible value Var (V|P) = 0 because the price reveals 0y = Or = H perfectly. This measure of price
efficiency has been often used in the existing literature as a proxy for the information content of
the stock price (see e.g., Peress, 2010; Edmans et al., 2016). Price efficiency is maximized at PE =1,
if the price always reveals the future payoff perfectly, and minimized at PE = 0, if observing the
price does not add any information. Next, we will derive these two efficiency measures based on
the equilibria in Proposition 1 and Proposition 2.

To compute real efficiency as a function of model parameters, we use the definition of the firm'’s
terminal value V = K (x% + x%), plug in the optimal investment policy derived in Proposition 1
together with the optimal information choices derived in Proposition 2, and take an unconditional

expectation over the independent random variables (Ou1, OF, z).

Proposition 3 (Equilibrium RE) Equilibrium real efficiency has the following properties:
1. If g* = 1, real efficiency is increasing in «; it does not depend on 6 and w;
2. If g = 0, real efficiency is increasing in x and 0; it is either increasing or decreasing in w;

3. If g € (0, 1), real efficiency is increasing in x, 6, and w.

5Banerjee et al. (2018) and Frenkel et al. (2020) use a similar measure and define price efficiency as the absolute reduction in payoff
variance. Our main results are robust to this alternative specification. In recent empirical work, Davila and Parlatore (2018) and
Dévila and Parlatore (2019) use price volatility and regression R-squareds to identify price efficiency.
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Figure 5: Real Efficiency as a function of x and w. Parameters: 0 =1and 0 = % Solid red line: g* = 1; Dashed blue line: g4* = 0.

We provide the explicit expressions for RE in the Appendix.

Proof: See Appendix A.1.7.

Proposition 3 describes the dependency of real efficiency on the model parameters «, 6, and w

in the three different types of equilibria. For all three types, real efficiency is increasing in x and

u

0, while it might be decreasing in w. Intuitively, an increase in x = - increases the ex ante NPV of
the project and, as expected, translates into a higher ex ante firm value. It is worth noting, that this
positive direct effect could be mitigated by the indirect effect through x*. For instance, in equilibria
with g% = 0, x" is always decreasing in x, while E[V] is generally increasing in x. Similarly, 6 and
w have both a (positive) direct effect and a potentially negative indirect effect on E[V]. On the one
hand, an increase in both parameters increases the precision of the firm’s private signals. On the
other hand, it can lead to a reduction in x*, which in turn might lower real efficiency. For o the
positive direct effect always dominates, while for @ the negative indirect effect might dominate. In

the latter case, real efficiency is decreasing in w. Figure 5 plots real efficiency against x and w for

a fixed set of model parameters.

Proposition 4 (Equilibrium PE) Consider 6 — 1, equilibrium price efficiency has the following proper-

ties:
1. If g* = 1, price efficiency is decreasing in «; it does not depend on w;

2. If g = 0, price efficiency is decreasing in x; it can be increasing or decreasing in w;
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Figure 6: Price Efficiency as a function of x and . Parameters: o = 1 and 6 = 4. Solid red line: 4* = 1; Dashed blue line: 4* = 0.

3. If q* € (0, 1), price efficiency can be increasing or decreasing in k and w.

We provide the explicit expressions for PE in the Appendix.

Proof: See Appendix A.1.8.

In Proposition 4, we analyze the ramifications for price efficiency.'® First, we show that price
efficiency is decreasing in « in the pure-strategy equilibria with either g* = 0 or 4* = 1, which creates
a stark mismatch between price efficiency and real efficiency because the latter was increasing in
K (see Proposition 3). The same is true, to some extent, for w. In the equilibrium with g4* € (0, 1),
@ has an ambiguous impact on price efficiency, while it had a positive impact on real efficiency.
Figure 6 plots price efficiency against ¥ and w. The figure confirms the negative relationship

between PE and «, and the ambiguous relationship between PE and w.
4.2 Multiplicity and Jumps

An interesting implication of our setting is the possibility of multiple information choice equi-
libria for negative NPV projects (see Proposition 2). In this case, the firm and traders want to
acquire information that differs from that acquired by the other party. Next, we analyze the two

stable equilibria in this scenario more thoroughly.

Proposition 5 (Equilibrium Multiplicity) If (x, 5, @) € Ry, where Ry is formally defined in the

16To obtain analytical results, we consider the limit 5 — 1. However, this assumption is not crucial as shown in the numerical example
in Figure 6.
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Appendix, there will be two stable information choice equilibria (q] = 0, x3) and (q5 = 1, x3) with 1< X3 <

X5 < 1. In this case, we obtain:
1. Expected trading profits are higher if (q5 = 1, x3);
2. Real efficiency can be higher in either stable equilibrium;
3. Price efficiency can be higher in either stable equilibrium.

Proof: See Appendix A.1.9.

Proposition 5 formally characterizes the parameter space that leads to two stable equilibria. We
know from the results in Proposition 2 that this scenario only arises for negative NPV projects with
x < Obecause the best-response functions for traders and the firm are jointly increasing. Moreover,
the firm either chooses q* = 0 or 4 = 1 and traders focus primarily on M—information, i.e. x* > 3.

Traders’ expected profits are always higher if g = 1, i.e. if the firm fully specializes in
F—information and acquires a perfect signal about Or. However, real efficiency and price effi-
ciency could be higher in the equilibrium with g4* = 0. The two latter results can also be seen in
Figure 5 and Figure 6. In both figures, the solid red line corresponds to q* = 1 and the dashed blue
line to g* = 0. For instance in Panel (a) of Figure 5, real efficiency is higher for q4* = 1, while it is
higher for g* = 0 in Panel (b). Figure 6 shows a similar result for price efficiency.

These two figures also emphasize the possibility for jumps in price efficiency and real efficiency.
Consider for instance Panel (b) in Figure 5. In this example, we obtain two stable equilibria
for values of w between = 0.67 and ~ 0.8. Independent of the equilibrium that traders and
the firm coordinate on, a marginal shift in the model parameter w will eventually lead to a
discontinuous drop in real efficiency. A similar result arises for an increase in the project’s NPV «
and Figure 6 illustrates the same effect for price efficiency. Quite interestingly, the source of multiple
equilibria in our model is the incentive of traders and the firm to acquire different information. This
channel distinguishes our mechanism from the existing literature (see e.g., Barlevy and Veronesi,
2000; Garcia and Strobl, 2011; Goldstein et al., 2014; Mele and Sangiorgi, 2015) in which learning

complementarities among traders lead to multiple equilibria.
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5 Conclusion

We consider a model in which a real-decision maker (the firm) and traders in a financial market
are allowed to collect information simultaneously. The resulting information choice equilibrium
highlights a potential coordination problem. For positive NPV projects, the firm wants traders
to acquire information that differs from its own choice, while traders want to collect the same
information. For negative NPV projects, the incentives are aligned, which can lead to multiple
equilibria. We also show that the simultaneous choice of information by both parties can lead to a

mismatch between price efficiency and real efficiency.
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A  Appendix

A.1 Proofs

A.1.1 Proof of Proposition 1

We proceed as follows. We first take the traders” and the firm’s information choice as given. It
follows that a mass x of traders receives a perfect signal about 0y and a mass (1 — x) receives a
perfect signal about Or. The firm observes a perfect signal about Or with probability g + (1 — 9)w
or a perfect signal about 051 with probability (1 — q)6w, and no signal otherwise. Moreover, we
conjecture that each trader’s optimal trading policy is to buy after a "high" signal and to sell after
a "low" signal.

Given that noise traders trade a random amount z ~ U[-1,1], we get the following four

possibilities for total order flow Y:
1. if Oy =Hand 6 = H: Y = Xygy + z with Xgg = 1;
2. ifOpy=Hand O = L: Y = Xy + z with Xy =2x - 1;
3.ifOpy=Land Or=H: Y = X;g +zwith Xpy =1-2y;
4. if Opy=Land O = L: Y = X1 +z with X;p = -1.

The market maker observes total order flow Y and sets the price equal to the expected firm value

E[V]Y]. Next, we distinguish between y > % and y < % In the first case, Y is more informative

about 0), in the the second case it is more informative about 0. It follows from z ~ U[-1, 1] that

the market maker learns the following information about 6y and Or from Y:
1L Ifx > 3
(@) Y >Xyr+1: By =H, O = H);
®) Xur+1>Y > Xg+1: (6 =H,0r=H)or (6p = H,0r =L);
() Xtp+1>Y>0:(Om=H,0r=H),(Om=H,0r=L),or (O =L, 0r = H);

(d0>Y>Xy-1:(OMm=H,0r=L),(Om=L,0r=H),or (0m =L,0r =L);
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(e) XHL_1>Y>XLH_15 (GM=L,61:=L)OI‘(6M=L,6P=H),'

(f) XLH—l >Y: (QM =L,61:=L).
2. If x < %:

(@ Y >Xig+1: (0m =H, 0r = H);
(b) Xpp+1>Y > Xy +1: (O =H,0r =H) or (Om =L, 0r = H);
() Xgr+1>Y>0:Op=H,0r=H),®m=H,0r=L),or (6 =L, 0 =H);
d)0>Y>Xg—1:(Om=H,0r=L),(6m=L,0c=H),or (Bp=L,0r =L);
() Xpp—1>Y > Xy —1: (Om =L,0r =L)or (Om = H, O = L);
(f) Xur —=1>Y: (Om=L,0r=L).
Next, we derive the firm’s optimal investment decision and the equilibrium stock price. Through-

out, we will first derive the equilibrium stock price based on the conjectured investment policy. In

a second step, we will verify the conjecture.
1. Ifx € (-1,-1]:

(@) x > L: if a = 1, the firm invests if s, = H and p € {p1, p2}; if a = 0, the firm invests if
2 4 p1,p

s1=sy=Horif p=pjorifs; =H and p = p>. The equilibrium stock price is given by

P = p(Y) with:
pi=u+o ifY > Xgr +1
P2=%(q+(1—q)a))(y+o) UXy+1>Y>Xg+1
p(Y) =
p3 = 31— 9)6w?(u+o0) ifXig+1>Y >0
0 ifY <0.

If P = p1, the firm knows that Oy = O = H such that the expected NPV is equal to
p+o > 0. If P = p,, the firm learns that 6y = H and invests only if it also learns that
Or = H from the private signal. If P = p3, the firm learns no additional information and

only invests if both private signals s; and s, are high, if a = 0.
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(b) x < %: if a = 1, the firm invests if s, = H and p = py;if a = 0, the firm invests if s; = so = H
orif p = pyorif s, = H and p = p;. The equilibrium stock price is given by P = p(Y) with:

pr=u+o0 ifY>Xig+1

p2=31-gq)dw(u+o) fXg+1>Y> Xy +1

p(Y) =
pa=3(1-Mow*(u+o) if Xpr+1>Y >0

0 if Y <0.

If P = p1, the firm knows that Oy = O = H such that the expected NPV is equal to
p+o > 0. If P = py, the firm learns that 01 = H and invests only if it also learns that
Om = H from the private signal. If P = p3, the firm learns no additional information and

only invests if both private signals s; and s, are high, if a = 0.

2. Ifx € (—%,—%]:

(@) x > %:if a = 1, the firm invests if s, = H and p € {p1, p2, p3}; if a = 0, the firm invests if
si=sp;=Horif p=pjorifs; # Land p = py orif p = p3 and either s; = H and s, = 0 or
sp = H and s1 = 0. The equilibrium stock price is given by P = p(Y) with:

pr=p+o ifY > Xgr +1

o) = p2=3@+o)+3i1-91-wu if Xpp+1>Y > Xy +1
p3 =1 (6(7 - Dw?@u+0) = (6 +1)(q - Dw@u+0) +qQu+0)) if Xpg+1>Y >0
0 if Y <0.

If P = p;, the firm knows that Oy = Or = H such that the expected NPV is equal to
p+o > 0. If P = py, the firm learns that 0y = H and invests as long as it does not learn
that Or = L. If P = p3, the firm learns no additional information and only invests if either

private signal is high and the other one is uninformative or high.

(b) x < %: if a = 1, the firm invests if s, = H and p € {p1, p2, p3}; if a = 0, the firm invests if
st=sy=Horifp=prorifs; # Land p = pp orif p = p3 and either sy = H or s, = H.
The equilibrium stock price is given by P = p(Y) with:

p1=H+o0 ifY > Xy +1

p(¥) p2 = 2(u(q - Do +2) +0) if Xpgrp +1>Y > Xy +1
p3 = % (6(g = Daw?Bur+0) = (6 +1)(q - DwQu+0) +qQRu+0)) ifXpg+1>Y >0
0 ifY <0.

If P = p;, the firm knows that 0y = Or = H such that the expected NPV is equal to

g+ o > 0. If P = py, the firm learns that Or = H and invests as long as it does not learn
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that Oy = L. If P = p3, the firm learns no additional information and only invests if either

private signal is high and the other one is uninformative or high.

3. Ifx € (-3,0]
(@) x = %: if a = 1, the firm invests if s, = H and p € {p1, p2, p3}; if a = 0, the firm invests if

(b)

si=sy=Horifp=pjorifs; # Land p = py orif p = p3 and either sy = H or s, = H or
s1 = 52 = (. The equilibrium stock price is given by P = p(Y) with:

pr=u+o ifY > Xgp +1
p2=3u+o)+3i1-q)(1l-w)u fXpgL+1>Y > Xpg+1

p(Y) =
p3=3(G+1)(q-NDw-q+3)+0) ifXg+1>Y>0

0 itY <0.

If P = p1, the firm knows that Oy = O = H such that the expected NPV is equal to
p+o > 0. If P = py, the firm learns that 0y = H and invests as long as it does not learn
that Or = L. If P = p3, the firm learns no additional information and only invests if it
does not learn that one shock is low.

X < %: if a = 1, the firm invests if s, = H and p € {p1, p2, p3}; if a = 0, the firm invests if
si=sy=Horifp=pjorifsy # Land p = py orif p = p3 and either sy = H or s, = H or
s1 = 52 = (. The equilibrium stock price is given by P = p(Y) with:

pi=u+o ifY > Xgr +1

p2 = 2(u(d(g - Dw +2) + o) fXgL+1>Y > Xpg+1

p(Y) =
p3=3(G+1)(g-NDw-q+3)+0) ifXg+1>Y>0

0 if Y <0.

If P = p1, the firm knows that Oy = O = H such that the expected NPV is equal to
p+o > 0. If P = py, the firm learns that Or = H and invests as long as it does not learn
that Oy = L. If P = p3, the firm learns no additional information and only invests if it

does not learn that one shock is low.
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4. Ifx € (0, 1]

(@) x > 3: the firm always invest if at least one private signal is equal to H; it also invests if

p € {p1,p2, v}

pr=u+o if Y > Xgr +1
p2=[.1+% ifXHL+1>Y>XLH+1
p3=pu+% fXigg+1>Y>0

p(Y) = 4
pa=3u(@—-G+1)(G-Nw) f0>Y> Xy, -1

%y(q(—a))+q+a)) fXy-1>Y>Xg-1

=
i
Il

p6:O ifXig-1>Y

If one private signal is H, the expected project NPV cannot be negative. Similarly, p > p4

rules out the possibility that both shocks are low.

(b) x < & x > L: the firm always invest if at least one private signal is equal to H; it also

invests if p € {p1, p2, p3};

pr=u+o ifY>XLH+]_

pa=pty if Xpg+1>Y > Xy +1

ps=p+3 if Xpp +1>Y >0
p(Y) =

pa=Ltu@- @+ -Dw) f0>Y>Xy-1

p5=_%5lu(q_1)w ifXig—-1>Y> Xy —1

p6=0 ifXgr-1>Y

If one private signal is H, the expected project NPV cannot be negative. Similarly, p > ps
rules out the possibility that both shocks are low.

5. Ifx € (1,1]:

1

2
(@) x > 1: the firm always invest if at least one private signal is equal to H; it also invests
if p € {p1,p2,p3}; if p = p4 the firm invests as long as it does not receive a low private
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signal.

p(Y) =

pr=u+o
P2=p+5

p3=y+%

ifY>XHL+1
fXgr+1>Y>Xg+1
fXig+1>Y>0

pa =13 (u(-35(7 - Daw? +2(6 +1)(g - Dw - 29 +3) + (7 - Do(w - (6w - 1)) if0>Y > Xpp -1
p5 = $u(@(-w) + g + w)

pe =0

ifXHL—1>Y>XLH—1
fXjg-1>Y

If one private signal is H, the expected project NPV cannot be negative. Similarly, p > ps

rules out the possibility that both shocks are low. If p = p4, the possibilities are {H, L},

{L,H}, and {L, L} such that the NPV is positive if there is no low private signal.

(b) x < 3: the firm always invest if at least one private signal is equal to H; it also invests
if p € {p1,p2,p3}; if p = pa the firm invests as long as it does not receive a low private

signal.

p(Y) =

p1=p+o
p2=u+3

pa=p+3

ifY>Xig+1
fXig+1>Y>Xyp+1
f Xgr +1>Y >0

pa=3% (1 (-36(g — Da? +2(6 + 1)(g ~ Dw 29 +3) + (7 — Do(w — D(w ~ 1)) if0>Y > Xy~ 1
ps = —30u(g — Dw

pe=0

fXgg-1>Y> Xy -1
if Xgr —1>Y

If one private signal is H, the expected project NPV cannot be negative. Similarly, p > p4

rules out the possibility that both shocks are low. If p = p4, the possibilities are {H, L},

{L,H}, and {L, L} such that the NPV is positive if there is no low private signal.

6. If k € (3,1]: the firm invests as long as it does not learn that both shocks are low.

@ x =3

p(Y) =

pL=p+o
p2=H+3
p3=p+%

pa=3%(Q2u+@-1) (6w?-1)(u-o0))
ps=3(u+(q—(w-1)(u-0))

pe =0
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The only prices consistent with {L, L} are p4, p5, and pe. If p = p4, it requires two negative
private signals to choose K = 0. If p = ps, it requires a low signal about Or not to invest

and if p = pe the only possibility is that both shocks are low.

(b) x < %: the firm invests as long as it does not learn that both shocks are low.

pr=u+o ifY>XLH+1

p2=y+% ifXLH+1>Y>XHL+1

p3=‘u+% fXpr+1>Y>0
p(Y) =

pa=3Q2u+(@-1)(6w?-1)(u-0)) f0>Y>Xy-1

ps = 3(u+ (= 0)(6(9 —~ D +1)) if Xpg —1>Y > X -1

p6=0 if Xy -1>Y

The only prices consistent with {L, L} are p4, p5, and pe. If p = p4, it requires two negative
private signals to choose K = 0. If p = ps, it requires a low signal about 01 not to invest

and if p = pe the only possibility is that both shocks are low.

Finally, we have to verify the conjectured trading policy. To this end, we first compute the
expected stock price and firm value for the four different combinations of )1 and Or. For the
expected stock price, we can use the pricing function derived above together with the distribution

of Y. For the expected firm value, we can use the conjectured pricing function and investment

policy.
1. xe(-1,-1]:

(a) )(2%:
i. O =H,O0r = H:

E[P|HH] = %(y+o) (Zé(q —1)()(—1)a)2—3(q —1)(2)(—1)a)+q(6)(—3)—6)(+6)

and

E[VIHH] = (u+0) (8(7 = D(x = Do* + 2x = 1)(g(~w) + g + w) = x +1)
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ii. QM =H, 91:=L2

E[P|HL] = é(# +0) (26(7 - D(x - Dw?® - 3(q - DQ2x — Dw +39(2x — 1))

and
E[VIHL] =0

iii. Opy =L, 6 = H:

BIPILH] = 35(g — 1) - De(u +0)

and
E[V|LH] =0
iv. QM = L, 91: =L:
E[P|LL] =0
and
E[V|LL] =0
(b) x < 3:
i. QM=H,91:=HZ
E[P|HH] =

and
E[VIHH] = (p + 0)(6(=(9 - D)x(w - 2)w = 6(9 - Dw + x)

ii. QM =H, 9F=L:

E[P|HL] = —%5(51 —Dxa*(u+ o)

and
E[V|HL] = 0

iii. Op =L, 6 = H:

BIPILH] = 257 - Dar(u +0)2x(@ - 3) +3)

and
E[V|ILH] =0
iv. QM = L, 61: =L:
E[P|LL] =0
and
E[VILL] =0
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2. k€ (—%,—%]:

(@) x 2 3
i. 6M=H,QF=H:

1
E[P|[HH] = o (12ux - 45(g = 1)(x = Dw?@Bp +0)
+ (7 - Dwu“d(x —1)+10x =7) +4(6 + 1)o(x — 1))
—20ugx +14uq — 4qox +4qo + 60)

and
E[VIHH] = (u+ 0)(1 = X)((7 - Dw(d(@ = 1) = 1) + q) + x)
ii. QM =H, 91: =L:

1
E[P|HL] = c (12ux = 61 —25(g = D(x — Dw?*@u + o)
+(g - Do(uo(x —1)+10x =7) +2(6 + 1)a(x — 1))
— 10ugx +7uq —2qox +2go + 60x — 30)

and
E[VIHL] = u(-(q = D)(@w = D(6(x = Dw —2x +1)

iii. QM = L, 61: =H:

BIPILH] = 3(r=1) (3~ D)o Bu+0)+ (0+1)(q - Deo(2pi+0) - 120 +0)

and
E[VILH] = u(1 = x)((9 - Dw(éw - 1) +q)

iv. QM = L, 61: =L:
E[P|LL] =0

and
E[VILL] =0

(b) x < 3

i. Oy =H,0r = H:

E[P|HH] = % (26(g - Dx@*@Bu +0)
—(q - Dwx(B56p + 60 +2u + ) —36u) + u((49 — 6)x +6) +2q0 x +30)

and
E[VIHH] = (u+0)((9 - Dx(w - 1)(6w — 1) +1)
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ii. QM =H, 91:=L2

BIPIHL] = 5 (50 - Da?Gu+0) = (64 1)(q ~ Dw(2p +0) + 4(2u +0))

and
E[VIHL] = 6u(g - Dx(w - Dw

iii. QM = L, 91: =H:

E[P|LH] = % (26(g - Dxw*Bu +0)

(7 - 1Dw@x(Gou+ 060 +2u+0)—36u)+2u+0)2(g -3)x + 3))
and
E[VILH] = u(x((9 - Dw(6w = 1) + q) = 2x = 1)(6(7 — D) + 1))

iv. QM =L, 61: =L:

E[P|LL] =0
and E[V|LL] = 0
3. k € (-1,0]:
(@ x = %:

i. O =H,O0r = H:

BIPIHH] = 7 (1(-(q = Dw@5(c = 1) ~4x + 1) = 4qx + 4 +6) + 0(5 - 20)

and
E[VIHH]=p+o0

ii. QM =H, 91:=L2

1
E[P|HL] = g 6ux —p(g — Dw(26(x = 1) —4x +1) —4pqx +pq +4ox - 0)

and
E[VIHL] = u(g - Dx(w - 1)

iii. QM = L, 91: =H:

BIPILH] = 3(x = D((-(5 + (g = Do +4 = 3) = )

and

E[VILH] = —u(x = 1)(0(g = D)w + 1)
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iv. QM = L, 61: =L:
E[P|LL] =0

and
E[VILL] =0

(b) x < &:
i. 6M=H,9F=HI

BIPIHH] = (64 - g ~ Dao(3(Ax —3) ~ 20) = 2uqx + 20 +30)

and
E[VIHH]=pu+o

ii. Opp = H, O = L:

BIPIHL] = 3 x(u(( + 1)q ~ Dw = +3) + )

and
E[VIHL] = u(g - Dx(w - 1)

iii. QM = L, 91: =H:

E[P|LH] = %(y(—2)(((26 -1D@g-Dw+g+3)+36(g —1)w+6)+0(3—-4)))

and
E[VILH] = —u(x = 1)(6(9 - Dw + 1)

iv. QM = L, 61: =L:
E[P|LL] =0

and
E[V|LL] =0

4. x € (0,

|:

W=

NI—=

(@ x =

i. O =H, 0 = H: ,
E[P|HH] = u+ 60(5 -2x)

and
E[VIHH]=pu+o
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ii. QM =H, 91:=L2

1
BIPIHL] = 2(6 +2(0 + Du(q = D(x = Do — 240 +2uq + 40X — 0)

and
E[VIHL] = u(6(q = D(x - Dw + x)

iii. Oy =L, 6F = H:
1
E[P|LH] = W@ -Dw@d(x —1) —4x +1) +4qx — 9 —6x +6) —20(x ~1))

and
E[VILH] = p+ px(q(-w) + g + w = 1)

iv. QM =L, 91: =L:

BIPILLI = (g - Dao(250r ~ 1) = 4+ 1) + wg(dx - 1)

and
E[VILL] =0

(b) x < 3

i. QM=H,9F=H: 1
E[P|HH] = u+ 60(2}( +3)

and
E[VIHH]=pu+o

ii. Opp =H, Op =L:
BIPIHL] = £(u(q - Dao(3(@x -3) = 22) + 2((g +3) + )

and
E[VIHL] = u(6(q = D(x - Dw + x)

iii. QM = L, 61: =H:

BIPILH] = £u(x(~(0 + 1) ~ D +9 = 3) +3)+ o3 - 41)

and
E[VILH] = p+ ux(q(-0) + g + @ = 1)

iv. QM =L, 61: =L:

BIPILL] = 7 (u(g ~ Dw(6(dx - 3) - 20) + 2410)

and
E[VILL] =0
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E[P|[HH] = u+ %0(5 -2x)

and
E[VIHH]=pu+o

ii. Opp =H, O = L:
1
E[P|HL] = 3 (B +6(g = 1)(x — 1)@*(Bu — o)
~ 6+ 1)(q = D = Da@u — 0)+2uqx = 2419 = gox +q0 +30x) = 5

and

E[VIHL] = p(-(x - Nw (0w = 1) + g(x = D)(w(dw —=1)+1) +1)

iii. Op =L, 6 = H:

E[P|LH]= % (4 (66(3—1)(x-1)w* = (g-1)w(45(x —1)+10x =7)+10g x —79 - 12 +12)

+20(x = D(~(@ - D67 - Dw - q) - w))

and
E[VILH] = p+ u(qg = )(w = 1)(0(x = N)w —2x +1)

iv. Opp =L, 0 = L:

E[P|LL] =% (1 (60(3-1)(x - 1)@* = (g-1)w(45(x —1)+10x =7)+10g x —79 —6x +6)
-2(q = Do(x = D(w - 16w - 1))

and
E[VI|LL] = (9 - D(x - )(w = D)(6w — 1)(p — 0)

(b) x <3

i. 9M=H,9F=H: 1
E[P|HH] = u+ 60(2)( +3)

and
E[VIHH]=u+o
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ii. QM =H, 91: =L:
1
E[P|HL] = ¢ (=26(q = Dxw*(Bu — o)

+(7 = Dw(@(50 +px - 301 — 26 + 1)ox) +2x(g0 - 2u(q - 3)))

and
E[VIHL] = u(—=(q = Dx(@(6w —1) +1) + 6(9 = 1)(2x — Dw + x)
iii. Opy =L, 0 = H:
E[P|LH] = 11—2 (12u +46(q — 1) xw?(o - 3p)

+4(00+1)(g - DxwQ@u—o0)—-8uqx +4qox — 120 x + 60)

and
E[VILH] = p+ dpxw(q(-w) + g+ @ — 1)

iv. QM =L, 91: =L:

E[P|LL] = % (4 (=66(g = Dxw? + (g — D (5(10)x — 3) +4x) + (6 — 49)x)
+2(q = Dox(w —D(dw - 1))

and
E[V|LL] = =(9 - Dx(w — (6w — 1)(u — 0)

6. k€ (5,1

@ x >3

i. 9M=H,QF=H: 1
E[P|[HH] = u+ 66(5 -2x)

and
E[VIHH]=u+o

ii. QM =H, 9F=L2

E[P|HL]= é (6u—25(q - 1)(x —1)w?*(u—0)+2uq x —24q 240 x +2q0+60 X —30)

and
E[V|HL] = pu
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iii. QM = L, 61: =H:

2 (61—~ 25(g - Dx ~ De*(p — 0)

+3( = 1D)2x — Dw(u — 0) —4uqx + pq +4qox — qo —60x +30)

E[P|LH] =

and
E[VILH] = u

iv. QM = L, 91: =L:
1
E[P|LL] = = (611 =25(¢ = D)(x = Dw*(u = 0)

+3(g - 1)2x — Dw(u — 0) —4uqx + pq +4qox — qo —4ox + o)

and
E[V|LL] = —(q — 1)(t — 0) (6(x = Daw? = 2x@ + x + w)

(b) x < 3:
i. O =H,0r = H: 1
E[P|HH] =y+ga(2)(+3)

and
E[VIHH]=u+o

ii. Op = H, 6 = L:
E[P|HL] = % (26(g = Dxw?*(u - o)
—-36(9 - 1)2x — Daw(u — 0) + w6 —29x) +2(q + 3)ox — 30)

and
E[V|HL] = u

iii. Op =L, 6 = H:
E[P|LH] = é (61 +25(q — V) xw?(u — 0) — 2uqx +2qox — 60 x +30)

and
E[VILH] = u

iv. QM = L, 91: =L:
1
E[PILL] = (61 +20(q = Dxa’(u - 0)

-30(g -1)2x —Dw(u—0) —2u(g+3)x +2(9 +2)ox — 30)

and
E[VILL] = (u = 0)(x(=6(w = 2)w + g(0(w = 2)w = 1) = 1) + 6(q — Dw + 1)
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Next, we compute trading profits for M—informed and F-informed traders.

EITIb = 11= 257 - D0x - Ve +0)

and

EITT]b; = 0] = (1 + ) (26(7 ~ 1x - De? = 3(g = D2x ~ D + (61 - 3))

(b) x < %:

L 5(g - Do + 0)@xw -3) +3)

E[I|b; = 1] = 750

and .
E[M|b; = 0] = - 26(q - Dxa?(u + o)

(@) x >3

E[II|b; = 1] = %()( -1) (g = Dw(20p + 60 =+ 0) + 8(=(q — 1))ow? + q(u — 7))

and
B[TT]b; = 0] = = (~(g ~ Da@(6 + Djpx — 200~ 26 + Do(x 1) + )
-26(qg = Do(x — Daw? +2uqx + uq —2qox +2qo +60x —30)
b) x <3
E[TTJb: = 1] = 15 (g ~ Dao(2(6 + 1)x — 30)
+02x((@ - 1)(6(q = Dw = )+ @ = 3) +3) ~ 2uq)
and

E[I1|b; = 0] = %)( ((q - 1Dw((0-2)u—-(0+1)0)+ (g — 1ow? + qQ2u + 0))

3. ke (—%,0]:
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B[TTJb: = 1] = 2(c - (26 ~ Dpq - Do + 1 — 0)
and
E[II|b; = 0] = 11—2(—y(q - Dw@6(x —1)+2x + 1) +2uqx + uq +4ox — o)
(b) x < %:

BITTb; = 1] = 75(u(q ~ Dw(2(6 + 1)x —38) - 204 + 0 - 4)

and .
E[II|b; = 0] = g X0 =2)ulg - Dw +2uq + 0)
4. x € (0,1]:
(@ x = %:
B[ITlbs = 1] = ¢(x = (20 — Da(q ~ Do+ g = 0)
and

E[I1|b; = 0] = 11—2(—y(q - 1Dw@6(x —1)+2x + 1)+ 2uqx + uq +4ox — o)
(b) x <3
E[TTJb: = 1] = 25 (u(q ~ Do (26 + 1)x ~ 35) - 20 + 03 - 42)

and .
E(l]b; = 0] = 2x((6 —2)p(q — Dw +2uq + 0)
5 k€ (%,

|:

(@ x = %:

N—=

E[I|b; =1] = %(X —1) (=(g = D@(=20u+ 60 + i+ 0) +6(g — 1)ow? + uq + qo — 20)

and

11—2 (—(q - Dwéu(x —=1)+2(6 +1)o(x = 1) +2ux + )

+26(9 — 1o(x — w? +2uqx + uq +2qox — 240 +20x +0)

E[I1|b; = 0] =
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(b) x < L 1
Elllb; =1] = 5 ((q = D@6 + 1)x(p +0) = 36u)
—26(qg — )oxw?® = 2uqx —2qox — 20 x +30)

and

E[I1|b; = 0] = %)( ((q - Dw((6-2)u+60+0)+0(—(q - 1))ow? + 2uq — qo +20)

6. K € (%,1]
(@) x 2 3
E[TTlb: = 11 = 20c = 1) (4 = 0) (6 ~ 1w = q) = 20)
and .
E[TI|b; = 0] = 7 (25(q = D(x = Dw*(u - 0)
=3(9 = D@x = Da(u = 0) + (4x = 1)(q(p = 0) +20))
b) x <3

B[TTjby = 1] = 75 (26(g -1 xw (o —p)+35(g = D@x~Da=0)+ 2 ~2(g +4)0.x+60)

and .
E[II|b; = 0] = R ((u=0) (g9 - 6(g — )w?) +20)

We can show that the expected trading profits are positive such that it is optimal for traders to
buy on 0; = H and sell on 0; = L. It is easy to show that the traders’ profits from the opposite

strategy are negative.

A.1.2 Proof of Lemma1l

To solve for the firm’s best-response function, we rely on the expressions for E[V] derived in the
Proof of Proposition 1. We then take the derivative of E[V] with respect to 4 and show below that
this derivative does not depend on q. Hence, we can check whether ‘%Eé—[qv] is (i) strictly positive, (ii)

strictly negative, or (iii) equal to zero. In case (i) we can conclude that g = 1, in case (ii) that g = 0,

and in case (iii) that g € [0, 1].
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1. x € (-1,-3]: in this case alg[qV] is strictly positive if and only if y > 1 — %.
JE[V] x(w—1)

2. k€ (-3, —%]: in this case g 18 strictly positive if and only if x > RIS AT par e vv e

1, if the conjectured equilibrium is x >  and if x >

o .
~etBe D @ eaD if the

conjectured equilibrium is y < 3.

3. k € (-1,0]: in this case a]%[qv] is strictly positive if and only if y > 1—(?—3)5)01'

4. x € (0,1]: in this case 3%‘/] is strictly positive if and only if x > l_g—f’b)w

JE[V]

5. k € (4, 1]: in this case =5, is strictly positive if and only if x > ; k(w-1)

Br-Da?—2(0+2)xwrowrdnio—1 T

1, if the conjectured equilibrium is y > %, and if y > — K(a)(é(3a)—4)—§)f—%—(m—1)(6w—1)’ if the

1

conjectured equilibrium is x < 3.

JE[V]

6. x € (1,1]: in this case g 18 strictly positive if and only if y > b

T (w—2)w-1"

It follows that the firm chooses g = 0 if the mass of M—informed traders is sufficiently low and

g = 1if it is sufficiently large. At the cutoff, the firm is indifferent between any g € [0, 1].

A.1.3 Proof of Lemma 2

To solve for the traders” best-response functions, we use the expressions for expected trad-
ing profits that are derived in the Proof of Proposition 1. We then equate trading profits for

M—informed and F—informed traders, and solve for x.

1. x e (—1,—%]: in this case x(q) = % forall g € [0, 1].

2. K € (—%, —%]: in this case, x(q) = (25—21(3)EEZ:};Z;J:?1—1 € (%, 1), which is increasing in g.

20-Dx(g-1)w+xg-1
26k(g—-1)w-2

3. k€ (—%,0]: in this case, x(q) =

, which is increasing in q.

ox(g-1)w-1

4. x € (0, %] in this case, )((I]) = “Zxw+2ng(@-1)-2’

which is decreasing in g.

ox(g-1)w-1

5. x€ (%, %] in this case, x(q) = Trorzea@-12 which is decreasing in g.

6. x € (%,1]: in this case x(q) = % for all g € [0, 1].
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A.1.4 Proof of Proposition 2

For this proof, we rely on the results derived in Lemma 1 and Lemma 2.
1. x € (-1,—3]: in this case, we have shown before that x* = 3. Hence, 4* = g(3) = 0.

2.k € (-3, —%]: in this case, we know from the slope of the best-response functions that the

optimal q is either q* =0or q* =1.In particular q* =(0is an equilibrium ifw > —2K+\/%+1

(w-1)(x(dk w+w+2)+1) _ (20-Drw+1

and 6 > (G2t 2 ra 1) In this case, x* = “F5.,;5—- Moreover, g* = 1 is an
'S K3 . . . . < - - . .o - -
equilibrium if either (i) w < 3ter) (Ki%g:ﬂ()ﬁﬁ)ﬂ)ﬂ or if (ii) w > 3elerD) ‘(Ki(sgii()31<+4)+l)+l

(k(4x+3)+1)(w—1)
(k+D)w(kBw-2)+w-1)"

_ 1-x

and 6 < In this case, x* = 5

3. x € (—%,0]: in this case, we know from the slope of the best-response functions that the

optimal g is either g* = 0 or g* = 1. In particular, g = 0 is an equilibrium, if @ > 1

(w-1)(xw-1)
KBw-2)w+w*

* 20-Dkw+1

and 6 > In this case, x* = D Moreover, g* = 0 is an equilibrium if

1-x : * _ 1=K
W < G In this case, x* = 5*.

4. x € (0, %] in this case, we obtain a unique equilibrium. If @ > - - 2 -
8(—1)+V8(8(k—6)Kk+0+10K+2)+1+0+1
the equilibrium is g* = 0 and y* = &l f 1 __ < < 2 , the
q q X = 2xwr2 201+0+1 5(=1)+ /00 (k—6)K+0+10k+2)+1+6+1

equilibrium is g* = w(é((fgizgz’;xglyrl and x* = (t}—?ﬁ' Otherwise, the equilibrium is ¢* = 1
and x* = ﬁ
5. k € (3, 1]: in this case, we obtain a unique equilibrium. If w is less than the cutoff:

8(=2(k — 1)k — 1) + 4/(26(k — 1)K + 6)2 — 202K (k2K +3) —3) + 1) + (1 — 2k)2 + 2k — 1
203k — 1)

the equilibrium is ¢* = 1 and x* = 715. If w is greater than this cutoff but less than the

positive, real root of the following cubic equation in w:

w? (36%K% — 6%k) + w? (—46%Kk% + 6%k + 46Kk — 8) +w (20K% — 30K + 6 — 2k + 1) +2x — 1

1ol . . _ 1-2x 6x(w—1)—-2w+4 . 5
the equilibrium is ¢* = 55 + Srgeho-seem + L aAd X' = —GrEe 22~ DeeD"
Otherwise, the equilibrium is g* =0 and x* = %.

6. K € (%, 1]: in this case, we have shown before that y* = % Hence, 4" = q(%) =1.
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A.15 Proof of Corollary 1

These results follow directly from the expressions for x* and g* derived in Proposition 2.
A.1.6 Proof of Corollary 2

These results follow directly from the expressions for x* and g* derived in Proposition 2.
A.1.7 Proof of Proposition 3

To derive the expressions for real efficiency, we use the expressions for E[V] (for fixed infor-
mation choices) in Proposition 1 and plug in the equilibrium values for x* and g* in Proposition

2.
1 2
RE = g(K +1)o (6w® +1)

RE = %(K +1)(x +2)o

and if g* =0,
o (Kza) (6 (4 - 3w2) +4w — 3) +kw(O0(—w)(w+2)+40+w+ 1)+ w(d0(—w)+6+1)+x + 1)

RE = 80Kw + 8

3. k€ (-3,0]:ifg" =1,

RE = %(K +1)(k +2)o

and if g* =0,
RE = o(k(w(d0k(d -3w)+ 0+ xw —1)+4)+2)
- 80Kk w + 8
4. x€(0,1]:ifg" =1,
_ (k(4xk+7)+2)o
RE = 8(k +1)

and if g* =0,
_ o(k(w(=(6 = 3)0Kkw + 6 + 4 + 3) +4) + 2)
B 8xw + 8

RE

and if g* € (0, 1):
RE = o(w@Boéx+0 -2k —-1)+2x+1)
B 400 - 1w +4
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5 k€ (%,%] ifg =1,
(x(dx +7)+2)0

RE =36 +1)

and if g* =0,

o (K2 (0(0wBw — 4) +3) +4) + k(dw(w(O(—w) + 6 +4) = 3) +7) + w(6(—~w) + 6 + 1) + 1)
- 8kw + 8

RE

and if g* € (0, 1):

1 Okw
RE =740 (K (2_ (@Bow —46 —2)+2) — (@ - D)(ow - 1)) ”)
6. x € (%,1]:
1
RE = Z(3Kd +0)

A.1.8 Proof of Proposition 4

It follows from the definition of PE and P = E[V'|Y] that we can equivalently write PE = 1— \\/Izi((‘lj; .

Below, we provide the expressions for Var(P) and Var(V) for a fixed x and 4. Plugging in the
equilibrium values for y and g yields to the equilibrium value of price efficiency.
1 xe(-1,-3]:

Var(P) = 41—8(1< +1)202 (—4(q ~1)2(x - 1)
—3(q ()(((a)—Z)a)+2)—a)2+a)—l) —)((w—l)2+a)(a)—1)+1)2
+62x = (q(-) + 4 + @) ~12(x - 1))

Var(V) = %(K+1)202 (4(q ~-D(x-Da?*-((@-1)(x - Dw*+2x - 1)(q(—w)+q+a))—)(+1)2
—4(g - 1)2x - Dw + 4921 - 1) — 4x + 4)
2. ke (-4, -1]:

Var(P) = % (—12(;( —1)(ko +0)* — 30 (3kx — & + Bk + 1)(=(q — D)(x — 1)a?

+(q - Dw(bk)y =5k +2x —2) —4xqx +3kq — qx +¢ +;()2
+4(1 = x) (9 = D@*Bko + 0) — 2(q - V@Ko + 0) + 42K + 7))’
162 — D(ko(q(w 1) — 0 +2) + 0)2)
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Var(V) = 11—602 (4 (31<2)( — k2 4+ 2K — 4K2q)( + 3K2q - (k@Bx+2)+1)(g —1)(x - 1)w?
+(q — Daw(k(brx =5 +4x —4) +2(x — 1)) = 2xqx +2kq —qx+ g+ x) — (3xx —«
+(31<+1)(—(q—1))()(—1)a)2+(q—1)a)(61<)(—51<+2)(—2)—41<q)(+31<q—q)(+q+)()2)
3. k€ (—%,0]:

Var(P) = 418 ( 12(x — 1)(xo + 0)* — 302(K(q()( —w)+w-2)-1)

+6(2x = D(xo(g(@ —1) — 0 +2) +0)* +4(1 - x)(ko(2(g — D — g +3) + 0)?)
Var(V) = l02(3 k(g(x — o)+ w +2)(xk(g(x — w)+w —2)—2))

4. x € (0,1]:

Var(P) = (20 (x (x (29%x + (7 = 1*Qx +3)@* = 8(9 = Dgxw +12) +12) +2x +3)
-3(ko(q(x —w)+w+2)+ 0)2)

Var(V) = %602(3 -k(q(x —w)+w -2)(xk(q(x — @) + @ +2) +2))
5. x e (%,%]
Var(P) = L (12)((1«7 +0)2 +4x(Bko +0)* —6Q2x — 1)(2k0 + 0)* + 6K2(q - 1)%6%(1 - 2)w?

—30 (x (9x(=3(@w = 2w = 2) — g +3x(@ — 12 + @ +2) + (q = Dx(w - 12 +1)°
T4y (ko(g((4 - 3w)w — 2) + w(Bw — 4) +3) + (7 — D)o (w - 1)2)2)

Var(V) = ((Ka +0)? + 1207 (x (~9((w = 3w + 1) + @ = 3w +2) — o + w)
—120%((q = Dx(@ = Dw = 1) +(k = D*(~(g = D))o x(w - 1)?)
- 11_60 (x (qx(=3(@ = 2)w = 2) = @ +3x(w = 1)* + 0 +2) + (g = Dx(w - 1)* + 1)2
6. k€ (3,1]:
Var(P) = % (12)((1«7 +0)? +4x(3x0 +0)* — 62y — 1)2K0 + 0)?

— 302 (—xx +4x+(xk—1)(g - Dyxw? - (k= 1)(g - 1DQx - Dw —xgx +qgx + )()2
+60%(1 = 2))(k + (k = 1)((g = D + 1))* +4x (2k0 + (k = 1)(q — 1)o (0* - 1))2)

Var(V) = ((Ka +0)? + 1207 (x (~q((w = 3w + 1) + @ = 3w +2) — o + @)
—1*0*((q = Dx(w = Dw = 1) + ( = 1)*(=(qg = D))o’ x(w — 1)?)

- 2 (3r0+ (e = Do (gx((@ - 2w~ 1)+ (¢ - Do~ x(w =12 +1) +0)’
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A.1.9 Proof of Proposition 5

1. If x € (-1,-1]: we obtain multiple equilibria if @ € (w, @) where w is the solution to the

following polynomial:
@® (30K + 0K) + w? (20% + 6 — 4x? — k) + @ (—20K* = 26K — O +4Kk* —k = 1) + 2k +1=0

and

_ 1 oAk + 122k + 1) = 20(k + 1)(dK + 1)(k(4k +3) + 1) + (k4K + 3) + 1)2
©=3 52(x + 123K + 12

20+ 22 +30+Dx+0+1
ok + 1Bk +1)

We can show that 0 < w <@ < 1for 6 € (0, 1].

2. If k € (-1,0]: we obtain multiple equilibria if either 3 < w < 5% and (@-(ko-1)
3 ple eq 2

2 KBw-2)w+w <o<Tlor

1- (w-D(kw-1) (k=1)(w-1)
TK <w<Tland K(E3a)—2)(;))+a) <6< (K+1C;)w .

Based on the results in Proposition 1 and Proposition 2, we can show that the traders’ expected
profits are always higher if g* = 1. For real efficiency and price efficiency the relationship is

ambiguous, which can be seen in the two figures provided in the main text.
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