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Abstract

This paper studies information sharing between strategic investors with private
information of different precision about the asset fundamental. We find that a
coarsely informed investor would always share her information “as is” if her coun-
terparty investor is well informed about the fundamental. In this way, the coarsely
informed investor invites the well informed investor to trade against her informa-
tion, thereby offsetting her informed order flow and reducing the price impact.
The coarsely informed investor gains from the information sharing but the well in-
formed investor loses from it. Our model offers an explanation for why the masses
of investors express investment opinions on social media and sheds new light on
information networks in financial markets and institutional investors’ sentiment
trading strategy.
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1 Introduction

In financial markets, some well-known proverbs such as “a barking dog never bites” and “a
loaded wagon makes no noise” vividly describe the situation in which market participants
who own superior information carefully hide and trade on it. In other words, a dog that
makes a good bite is the one that is the most silent. Meanwhile, these proverbs suggest
that the market participants who make the most noise (a barking dog) rarely express true
insights. While it is relatively rare to observe the investment genius share their insights
in the public, there has been a great number of investment opinions and analysis shared
on the social media such as Twitter, Seeking Alpha, and Facebook Posts. Then, why
does a barking dog bark? Is that just noise?

Information sharing also appears to be commonplace among professional investors. For
example, Shiller and Pound (1986) provide survey evidence that a majority of insti-
tutional investors in the NYSE attribute their recent trades to discussions with peers.
Hong, Kubik, and Stein (2005) find that a mutual fund manager’s trading is similar
to other fund managers located in the same city and interpret this finding in terms of
information spread by word of mouth. More recently, investment conferences as a new
type of industry event have become popular. In these conferences, professional investors
pitch their investment ideas to the wide audiences including activists, fundamental eq-
uity funds, investment advisors, and sell-side analysts; these presented investment ideas
are closely followed in the financial media and on investment blogs (Luo, 2018). Why
do these professional investors share their investment ideas? In this investor community,
who shares information with whom?

Some common intuition for an investor’s information-sharing behavior holds that by
sharing her privileged information, the investor can manipulate markets (Benabou and
Laroque, 1992), or accelerate price discovery towards the direction that is in favor of
her existing positions (Ljungqvist and Qian, 2016). However, such intuition implies that
only investors with known superior information have incentives to share their informa-
tion, which cannot explain why information sharing is such a widespread phenomenon in
financial markets.

In this paper, we propose that even an investor with coarse information has a strategic
motive to genuinely share her information. This novel theory complements the existing
explanations for investors’ information-sharing behavior. It can be further applied to
understand the role of social media in financial markets, the nascent sentiment trading
strategy implemented by institutional investors, and the formation of and information
transmission within a information network.



To study a strategic investor’s information-sharing incentives in financial markets, we
adopt a standard Kyle (1985) framework and extend it by considering two investors
endowed with private information of different precision and allowing for the possibility
of information sharing between them. The market consists of noise traders, competitive
market makers, and two risk-neutral rational investors. A single risky asset is traded in
the financial market. One investor perfectly learns about the fundamental of the asset
and we refer to him as the insider. The other investor only observes a noisy signal of
the fundamental and we refer to her as the coarsely informed investor. Investors can
share their own private information with each other; for example, the coarsely informed
investor can choose whether to share her information, and if so, how much to share with
the insider. The rest of the model is standard: the two investors trade on their respective
endowed information and the shared information, if any; they then submit market orders
to maximize their expected profits; and the orders are executed by market makers at the
conditional expected value of the asset given the total order flows.

The central finding of the paper is that in financial markets information can transmit
from the less informed investor to the more informed one; that is, the insider never
shares his information whereas the coarsely informed investor always genuinely shares
her information. Such information-sharing behavior has further consequences for the
involved investors’ profits and market quality. Specifically, after the information sharing,
the coarsely informed investor makes higher profits whereas the insider becomes worse
off, and market liquidity worsens but both market efficiency and total trading volume
increase.

Why is the coarsely informed investor willing to share her information “as is”? The
key driving force for her information-sharing behavior is the novel trading-against-error
effect. This crucially hinges on the fact that the insider is able to identify the error
in the coarsely informed investor’s endowed information. After observing the shared
information, the insider tends to trade against the error in the shared information, thereby
offsetting the coarsely informed investor’s informed order flow and reducing its price
impact. Specifically, the insider well understands the coarsely informed investor’s trading
strategy and can calculate her trading demand that is not justified on the basis of the
asset fundamental. For example, if the error component in the shared information is
positive, the coarsely informed investor tends to overly buy or inadequately short the
risky asset. From the perspective of the insider, however, this is pure noise.

If, say, the coarsely informed investor overly buys the asset, after observing the shared
information, the insider knows that the asset price is pushed too high so that he opti-
mally refrains from buying too many units of the asset. Alternatively, if the coarsely
informed investor inadequately shorts the risky asset because of the noise component in



her endowed information, the insider knows that the asset price is not low enough and he
will short more of the asset. In either case, the insider trades against the shared informa-
tion, corrects the mispricing, and makes profits accordingly. In some sense, the insider
provides liquidity to the coarsely informed investor. Overall, the trading-against-error
effect is so strong that it encourages the coarsely informed investor to not only share her
information but also does it genuinely.

Further, the more genuine the shared information, the more accurately the insider can cal-
culate the coarsely informed investor’s demand that is driven by the error in her endowed
information, the more aggressively the insider trades against the shared information, and
the less price impact triggered by the coarsely informed investor’s order flow. Conse-
quently, the trading-against-error effect is so strong that the coarsely informed investor
not only shares her information, but does so truthfully.

Next, why is the insider never sharing his information? Different from that the insider
trades against the information shared by the coarsely informed investor, the coarsely
informed investor always trades alongside the insider’s shared information. This is be-
cause for the coarsely informed investor, any piece of information shared by the more
informed investor is instrumental for her to make better forecast of the asset fundamental.
Therefore, for the insider any information sharing can only dissipate his informational
advantage and erode his profits, which prevents him from sharing his information. In
this way, information can only from the coarsely informed investor to the insider.

Such information sharing has further consequences for the profits of the involved in-
vestors and market quality. We find that relative to the economy without information
sharing, when to share information is permitted, the coarsely informed investor makes
higher profits whereas the insider becomes worse off. As analyzed above, the coarsely
informed investor benefits from the trading-against-error effect in information sharing.
Nonetheless, why is the insider worse off? While the insider gains by detecting the error
component in the shared information, trading against it, and correcting the mispricing
accordingly, he loses because of the more competitive pressure from the coarsely informed
investor and the more aggressive pricing by market makers. First, with her order flow
partially offset, the coarsely informed investor is less concerned about the price impact
and engages in more aggressive trading accordingly. As such, the insider is forced to trade
less aggressively on his fundamental information. Second, a the insider trades against
the shared information (and thus the error in the coarsely informed investor’s endowed
information), the two investors’ aggregate order flow becomes more correlated with the
fundamental. Faced with an effectively more informed investor side, market makers raise
the price impact to manage the increased adverse-selection risk, thereby decreasing mar-



ket liquidity and reducing both investors’ profits. Taken together, both effects hurt the
insider, ironically leaving him worse off despite the additional piece of free information.

As for market quality, we find that relative to the economy without information sharing,
when to share information is permitted, market liquidity is lower whereas market effi-
ciency and total trading volume are higher. Again, the key lies in the fact that the insider
tends to trade against the shared information. Because this trading-against-error effect
can reduce the noise in the two investors’ aggregate order flow, market makers raise the
price impact to manage the increasing adverse-selection risk, resulting in a lower market
liquidity. Meanwhile, less noise in the total order flow suggests that it is more correlated
with the asset fundamental. Therefore, market efficiency improves; that is, asset prices
contains more fundamental information. Information sharing is also associated with more
total trading volume; specifically, while the insider’s trading volume decreases after infor-
mation sharing, both the coarsely informed investor’s and market makers’ trading volume
increases, and overall the total trading volume increases.

Finally, we consider four extensions of the baseline model and show that the novel
trading-against-error effect robustly exists in various extensions. First, as long as the
more informed investor can relatively accurately sift the error component in the shared
information, the coarsely informed investor would like to genuinely share her informa-
tion so as to benefit from the counterparty offsetting her informed order flow. In other
words, information can be transmitted from a coarsely informed investor to a relatively
well (though not perfectly) informed investor. Second, in the baseline model, because
the insider becomes worse off after the information sharing, if possible, he would like to
commit not to reading the shared information. However, we find that in the presence of
multiple insiders, even if they are able to make such a commitment, in equilibrium all
insiders may choose to read and trade against the shared information. This constitutes
a prisoner’s dilemma for the insiders because they would have been better off if they
together commit to not using the information shared by the coarsely informed investor.
Third, even if information acquisition is costly for the coarsely informed investor, she still
has incentives to fully share her private information, invites the insider to trade against
it, and makes higher profits accordingly. Fourth, even though the shared information
may be leaked to the public during the communication process, we find that as long
as market makers have low capabilities to interpret the information and the insider has
superior ability to do so, the coarsely informed investor still has incentives to share her

private information.

Overall, our theory provides a novel perspective of information-sharing behavior in finan-
cial markets and sheds new light on the related phenomena. First, as for the barking-dog
questions raised in the beginning, we argue that the investment opinions expressed on the



social media such as Twitter may not be mere noise, but instead can represent the true
information owned by the posters. By making their information observable to the well
informed investors such as hedge funds, these social media investors can have their order
flow partially offset. Indeed, as the machine learning technology advances, analyzing
the sentiment on the social media becomes feasible and gains popularity among hedge
funds. Our theory further suggests that such a sentiment-based trading strategy may
not be good for the well informed hedge funds as they can become worse off after trading
against the sifted sentiment (error). Second, the two investors in our model can repre-
sent the very basic component of any information network in financial markets. In this
sense, our theory provides an answer to such fundamental questions as how information
network is formed and who shares information with whom.

Related Literature. Previous research has identified other possible reasons for why
investors share their information. For example, insiders can use privileged information to
manipulate markets (Benabou and Laroque, 1992). Ljungqvist and Qian (2016) suggest
that in the face of noise trader risk, arbitrageurs with short positions may reveal their
information to accelerate price correction, thereby circumventing limits to arbitrage. The
idea that information revelation can be used to accelerate price correction is particularly
relevant for investors with short-term incentives (Kovbasyuk and Pagano, 2015; Liu,
2017; Schmidt, 2019). In addition, by injecting noise into the spread information, an
investor gains advantage over uninformed followers (Van Bommel, 2003) and commits
to aggressive trading to other informed investors (Indjejikian, Lu, and Yang, 2014); by
disclosing a mixture of fundamental information and her position, an investor induces
market makers to move the asset price in a manner favorable to her (Pasquariello and
Wang, 2016).

We contribute to this literature by offering a complementary explanation for information
sharing/revelation in financial markets. Our explanation is unique in the following as-
pects. First, in our model information transmits from the less informed investor to the
more informed one, whereas in all the other explanations the direction of information
flow is the opposite. The key underlying this insight is that the information receiver
tends to trade against the shared information, whereas in the existing explanations the
receiver’s trading is aligned with what the shared information suggests. This unique
direction of information flow demonstrates that information sharing can be a widespread
phenomenon in financial markets; that is, not only well informed investors, but also the
ones with (very) coarse information, would be willing to share their information. Second,
in our model the information sender is better off whereas the receiver becomes worse off
after the information sharing. However, in the existing explanations, both should make



profits from the information sharing at the expense of third parties (e.g., Indjejikian, Lu,
and Yang, 2014). Third, our explanation does not require that the information sender
owns initial positions or has short-term incentives. Unlike other explanations in which
the investor “talks for her book” (e.g., Pasquariello and Wang, 2016; Schmidt, 2019), in
our model the investor does not have any book yet and she instead reveals information
to help build it.

Our paper is also related to the large literature on information transmission in financial
markets. Starting from Admati and Pfleiderer (1986, 1988, 1990), there have been studies
on how the informed agent monetizes her private information by selling it (e.g., Allen,
1990; Naik, 1997; Cespa, 2008; Garcia and Sangiorgi, 2011). Fishman and Hagerty (1995)
rationalizes the sales of information by arguing that via it informed traders can commit
to aggressive trading, thereby forcing other informed traders to trade less aggressively.
Biais and Germain (2002) study how to structure a combination of proprietary trading
with indirect information sales (setting up a fund) to increase the overall profits from
proprietary trades and fund trades. In addition to the transmission of information for a
fee, the informed agents in financial markets may disclose their private information for
various reasons such as fear of negative inferences (Grossman and Hart, 1980; Grossman,
1981; Milgrom, 1981) and elimination of screening (Glode, Opp, and Zhang, 2018). Again,
one commonality of this literature is that information transmits from the more informed
agents to the less informed ones, and our model uniquely predicts that information can
flow in the opposite direction.

Another strand of related literature studies noise/supply information in financial mar-
kets. Ganguli and Yang (2009) examine investors’ incentives of acquiring information
about the fundamental and the noise/supply in a static model, whereas Farboodi and
Veldkamp (2020) consider a dynamic setting and study how financial data technology
affects agents’ information choices, trading strategies, and market outcomes. Other re-
lated works include Madrigal (1996), Cao, Lyons, and Evans (2003), Paul and Rytchkov
(2018), among others. We contribute to this literature by focusing on the noise compo-
nent in the investor’s private information, rather than that in the asset supply, and we
highlight its effect on investors’ information-sharing behavior. Further, in our setting,
the well informed investors do not actively search for the noise/supply information (e.g.,
Farboodi and Veldkamp, 2020), instead such information is voluntarily shared by the
coarsely informed investor.

Our paper is also broadly related to the literature on communication and information
network in financial markets. DeMarzo, Vayanos, and Zwiebel (2003) propose a model
in which individuals with bounded rationality are subject to persuasion bias and fail
to account for repetition in the information they receive; as such, the influence of an



individual on group opinions depends not only on accuracy but also on her connectedness.
Han and Hirshleifer (2016) study how the process by which ideas are transmitted affects
active versus passive investment behavior. We contribute to this literature by identifying
a novel information-sharing incentive and exploring its implications for market quality.

2 Model Setup

We consider a Kyle-type model (Kyle, 1985) and extend its analysis to allow for infor-
mation sharing between investors. The economy has three dates, t = 0,1,2. Figure 1
describes the timeline of the economy. There is a single risky asset with a date-2 liqui-
dation value v, where © ~ N(0,1).! The risky asset can be interpreted as a listed firm’s
stock. The financial market operates on date 1, and it is populated by three groups of
agents: competitive market makers, noise traders, and two heterogeneously informed ra-
tional investors. As standard in the literature, market makers set the price based on the
weak market-efficiency rule and noise traders submit exogenous random market orders.
There are two rational investors that own private information about the fundamental of
the risky asset and their information is of different precision. On t = 0, information can
be shared between the two rational investors.

| | |
Investors make information- e Investors observe their pri- The value of the
sharing decisions. vate information and, if any, asset is realized, and
the Shared information. all agents consume.

e Investors and noise traders
submit order flows, and mar-
ket makers set the price.

Figure 1: Timeline

We denote the two rational investors H and L. Investor H owns more precise information
about the fundamental and he can be a corporate executive or a sophisticated hedge fund
manager that possesses high-quality information about the firm’s fundamental. In the
baseline model, we assume that investor H can privately observe ¢ (i.e., an insider)
and we relax this assumption in Section 4.1. Investor L is coarsely informed about the

!The normalization that ¥ has a zero mean and a unit standard deviation is without loss of generality.
Instead, if we assume @ ~ N(o,02), then all our results would hold as long as we reinterpret the

information precisions as signal-to-noise ratios.



fundamental, and she can only observe a private noisy signal as follows:
§ =7+ ¢ where é ~ N(0,p"). (1)

The parameter p € (0,400) governs the quality of L’s private information. If p — 0,
investor L is almost uninformed about the asset fundamental, whereas if p — oo investor
L knows the fundamental as precisely as investor H. Investor L can represent investors
that actively collect information but are still coarsely informed.

On t = 0, the two rational investors simultaneously make their information-sharing
decisions to maximize their respective expected trading profits. Specifically, investor H
can share a garbled signal with investor L as follows:

Sg=0U-+ €y, where ég ~ N (O,TI}l) ,
whereas investor L’s shared information is as follows:

<~ = ~ 1

S, =9y + &L, where &, ~ N (0,7,').

The precisions of the shared information 74 and 7, are controlled by H and L, respec-
tively, and can range between 0 and +oo; that is, 7; € [0, +oc], where i € {H, L}. If
7; = 0, investor 7’s shared information is not informative at all, or equivalently investor
¢ is not sharing any private information. If 7; = 400, then investor i shares the private
information “as is.”

Trading occurs on t = 1. Let p denote the date-1 price of the risky asset in the financial
market. Conditional on the endowed private information, as well as the shared informa-
tion if any, investor ¢ € {H, L} places market order #; to maximize the expected trading
profits as follows:

Elzi(v - p)|Fil, (2)

where F; indicates investor i’s information set: Fy = {0, 5y, 5.} and Fr = {7, 55, 5.}
Noise traders place market order i, where @ ~ N(0,02) (with o, > 0) and @ is indepen-
dent of all other random shocks. Therefore, the total order flow faced by market makers
are

Ww=2Iy+ T+ u. (3)
Then competitive market makers set price p according to the weak-efficiency rule,

p = Elv|a]. (4)



3 Information Sharing

In this section, we first characterize the two investors’ optimal trading strategies on t = 1
given their information-sharing decisions, and then move backward to solve for their
optimal information-sharing strategies on ¢ = 0.

3.1 Tradingont=1

Given any pair of the two investors’ information-sharing strategy (7x,77) on t = 0, we
solve for their optimal trading strategies and market makers’ equilibrium pricing rule on
t=1.

We consider a linear pricing rule for market makers p = Aw, where the total order flow
@ is specified by equation (3), and linear trading rules for the two investors: Ty =
a,0+ agdy + apsy and 2, = ,9 + BuSy + Br5L, where coeflicients o, o, o, By, Bu,
and (3 are endogenously determined. The coefficients «, and 3, respectively represent
the trading aggressiveness of investor H and investor L when they make decisions based
on their endowed information. The coefficients ay, oy, By, and B, capture the strategic
interaction between the two investors when trading on the shared information.

With the information set Fy = {0, 5g, 51}, investor H’s posterior beliefs about the value
of the risky asset, investor L’s endowed information, and noise trading are respectively
as follows:

TL

E[v|Fy) =0, Elg|Fu) =0+ P (5L —v), and Elu|Fy| =0.

TL
Then, investor H’s conditional expected trading profits in (2) can be expressed as follows:

TL
P+ TL

ElZy (0 —p)|Ful =Tn (v —A (xH + B, <17 + (51, — @)) + Busy + BLéL)) .

(5)
Maximizing investor H’s profits yields his optimal trading rule, Ty = a,v+agSy+arsy,
with

_ptTL = Aoy B B By

v = ag =——, and aj, = —— — ———.
2M(p+ 71) " 2 L 2 2p+TL)

(6)

For investor L, given her information set F;, = {7, $y, §1.}, we can express her conditional
expected trading profits as follows:

o - (PY+THSH . pPY + TaSH _ _
Elzp(vo—p)Frl =0, | —————— A |2+ a,=———— + aygSyg + a8 (7
[L( p)] L] L( (L 1+ p+ 74 HSH LL)) ()



Again, maximizing the profits yields investor L’s optimal trading rule, 21, = 8,y +Bu5u +
6L§L7 with
(1 — )\CYU)’TH g,

p(1 = Aay) Qp
—~ = -ZH dg,=-2
A rprm) T T P gy =TS (®)

By

Equations (6) and (8) are the reaction functions, which jointly determine the equilibrium
values of (o, am, ar, By, Bu, Br) as shown in the following lemma.

Lemma 1 Given the two investors’ information-sharing strategies (tg,Tr) and market
makers’ pricing rule X\, investors’ equilibrium trading strategies ont = 1 are characterized
by fH = Oév@ + OéHgH + CYLgL and i’L = Byg] + ﬁHgH + ﬁLgL with

ay = (271 (12 + p) +2(p+ D11+ plp +2)) Q7
ag = =27 (11 + p)(3Q) 71,

ap = —2p7L(3Q) 7,

By =p (o +p)Q7,

By = 47y (1 + p)(3Q) 7,

By = pr(30)7,

where Q = X (41 (1, + p) +4(p+ 1)1 + p(3p+4)) .

Lemma 1 states that while investor H trades in the same direction as suggested by his
endowed information (a, > 0), he trades against not only his own shared information
(e < 0) but also the one shared by investor L (o, < 0). On the contrary, investor L
trades alongside all pieces of information she has access to; that is, 8, > 0, 8z > 0, and
Br > 0. What determines the two investors’ different trading rules?

First, it is intuitive that each investor’s trading should be in the same direction as sug-
gested by their own endowed information; that is, o, > 0 and 3, > 0. The endowed
information is informative about the fundamental value of the risky asset. So when the
signal indicates a positive (negative) return, the investor tends to buy (sell) the risky
asset.

Second, while investor L’s trading is aligned with the information shared by investor H,
investor H trades against the information shared by investor L, namely, Sz > 0 and
arp < 0. As the less informed side, when investor L receives the information shared by
investor H, though the signal is noisy, investor L can still employ the information to
make better forecasts of the asset fundamental. So her trading direction is aligned with
what investor H’s shared information suggests. However, since investor H has already
been well informed of the asset fundamental, the information shared by investor L is

10



of no additional use to him in forecasting the fundamental. Still, investor H uses this
information. Why? Note that investor L’s trading follows her endowed information g.
Since y = v + € is only a noisy signal of the asset fundamental, by trading on it, investor
L trades not only “correctly” on the fundamental v, but also “incorrectly” on the error
. The latter noise trading can move asset price away from the fundamental value and if
investor H could detect it, he would always have incentives to trade against it and make
profits accordingly. For investor H, investor L’s shared information exactly serves this
purpose. Specifically, with the fundamental information v and the information shared by
investor L, investor H can infer the error in investor L’s endowed information as follows:
(L=, (9)

Ele|Fu] =

Since the inference F[é|Fy| always shares the same sign as that of 5, it appears that
investor H trades against S, namely, a; < 0. We refer to this novel effect as the
trading-against-error effect. To further see the intuition, let’s consider an illustrative
example in which investor L buys the risky asset. When é > 0, investor L tends to
buy an additional amount of the asset than is justified on the basis of the fundamental
value. Understanding that this trading is merely driven by error, investor H will sell
an additional amount ay F[é|Fy] of the risky asset, which can partly offset investor L’s
trading demand based on the error é. As such, investor L’s informed order flows are
partially canceled, which enables her to execute her trade at a better price and lose less
from the trading on the error €. In some sense, investor H “provides” liquidity to investor
L. As will be shown later, this effect proves central to our information-sharing results.

Third, while investor H trades against the information shared by himself (ay < 0),
investor L’s trading is aligned with her own shared information (8, > 0). As shown by
the best response of investor H in equations (6) and that of investor L in equations (8),
the coefficient of one investor’s trading demand on the own shared information crucially
depends how the counterparty investor trades on it, namely, ay = —ﬁTH and B = —<F.
Let’s examine investor H'’s trading strategy first. By sharing the garbled information sy
with investor L, investor H understands that investor L trades in the same direction as
suggested by Sy as it helps her better predict the asset fundamental. Meanwhile, trading
on sy suggests that investor L’s trading injects the added noise €5 into the price, which
induces investor H to trade against Sy to correct the overshot price. Therefore, as
Br > 0, it must follow that ay < 0. Similarly, investor L understands that investor H’s
trading against her shared information 55, also incorporates her added noise £, into the
price and thus has the incentive to correct it to make profits. As analysed above, since
investor H trades against investor L’s shared information S, investor L ends up trading
in the same direction as suggested by her own shared information; that is, as ay, < 0, we

have G, > 0.

11



Next, after receiving the total order flow from the two investors and noise traders, market
makers set the price for the risky asset: p = Aw. Based on the weak-efficiency rule (4)
and investors’ optimal trading rules as specified by Lemma 1, the equilibrium pricing

rule can be expressed as a function of 75 and 7, as follows:

o1, (87 (87 + 14p + 17) + p(48p + 113) + 72) + 472 (151 + p+ 1) (8717 + 8p + 9)
+4p%m (87 +12p 4 17) + 9(p(2p + 5) + 4)p?
3ou (4 (T +p+ 1)+ p(d1 + 3p+4)) '

)\(TH,TL) =

(10)

The following proposition summarizes the subgame equilibrium on t = 1.

Proposition 1 (Trading) Given investors’ information-sharing strategy (T, 71), on
t = 1 the asset price is p = Ao, where X\ is specified by equation (10), and investors’
equilibrium trading rules are specified by Lemma 1.

3.2 Information Sharing at t =0

Now we study the optimal information sharing between the two rational investors on
t = 0. The following proposition characterizes the two investors’ optimal information-
sharing strategies.

Proposition 2 (Information sharing) In equilibrium, investor H does not share any
of his information whereas investor L shares her information “as is.” That is, 7f; = 0
and 1; = +00.

Proposition 2 states that with information sharing permitted information won’t flow
from the more informed investor (investor H) to the less informed one (investor L); quite
surprisingly, it transmits in the opposite direction from the less informed investor to the

more informed one.

We first explain why investor L would like to share her information genuinely. We ask
how investor L’s information-sharing decision 7, affects her expected profits given 7.
Inserting the two investors’ optimal trading rules as specified by Lemma 1 into investor L’s
conditional expected profits (7) and taking expectation yields her unconditional expected
trading profits as follows:

1 2
7L = AE[i2] = EE[E [ — Mawd + amdu + ardo)lj, 3u, §L” |

12



We then use the chain rule to decompose how 7;, affects investor L’s information-sharing
incentive, which is summarized by the following equation:

drp onr, Oar, orr, Oay, orr, Oay
dry, Oay 0T, day, 071, Oayg 011,
N—_—— —— N—_——
trading-against-error effect >0 competition <0 <0
87TL 8>\ 87TL
- + — > 0, (11)
8)\ aTL aTL
N—— ~—~
liquidity <0 <0
where
Omp, 1
oy, 3 < 0’
dap,  _ _ 2p2 (47 +3p+4) <0
ory, 3ty (T +p)+4(p+1)TL+p(3p+4))? ’
orp, . _ 47p (T2, +p)+p(471,+3p) <0
Oawy 3(4ru (tL+p)+4(p+1)TL+p(3p+4)) ’
oy _ 2p° (T +p+1) >0
orL, Aty (To+p)+4(p+1) T +p(3p+4))? ’
ony, _ 1
dayg 3 < O’
oayg 20Ty >0
oL 3Adru (TL+p)+4(p+1) T +p(3p+4))? ’
(167‘H ((Tp+Dprr + (4p + 2)T2 + (3p + 2)p?) + 327F (12 + p) 2)
or, +p ((48p + 59)p7L, + 32(p + 1)77 + 9(2p + 3)p?) <0
ox N2 (47 (T +p) +4(p+1)TL+p(3p+4))? ’
ox P07 (T tp)+20(p+ D)7 +p(27p420) ()
o, 18XoZ(4rg(tr+p)+4(p+1)TL+p(3p+4))3 ’
87TL — p2 < O
ory, (4T (TL+p)+4(p+1)7L+p(3p+4))? :

As shown in equation (11), the effects of 7, on investor L’s profits (and thus incentives
of information sharing) can be classified into three groups: (i) the one through its effect
on the rival investor H'’s trading rules (o, o, and ag), (i) the one through its effect on
market makers’ pricing rule (\), and (iii) the direct effect. The overall effect is positive
so that L would like to share all her information. We then discuss these effects one by
one.

First and most importantly, the key that underlies investor L’s information-sharing be-
havior is the trading-against-error effect. Specifically, as L shares more precise infor-
mation, H is able to infer the error in her endowed information more accurately (see
equation (9)), thereby trading more aggressively against the information shared by L,
ie., g% < 0 (note that o, < 0). Recall that L’s trading on the error é can move prices
away from the fundamental. Therefore, L’s informed order flows are offset more due to

this more aggressive trading-against-error effect, thereby gaining L better execution price

oryr, dap,
’ Oay, OTL

only positive force that induces L to share her information, which suggests that it must

and higher profits, i.e. > 0. Interestingly, as evident in equation (11), this is the
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be very strong to overturn all the other negative forces that discourage L’s information
sharing.

Further, 77, also affects investor H’s trading on his endowed information v and his own
shared information §g, and both effects discourage L from sharing information. Specifi-
cally, as L shares more precise information, H trades more aggressively on his endowed

Oy
orr,

only knows the fundamental perfectly, but also his rival investor better, which gains

information, i.e., > (0. This is because by observing L’s shared information, H not

him more competitive advantage. This effect reduces L’s information-sharing incentives

onr, Oay
aav aTL

shared information, i.e., %an > 0 (note that ay < 0). In the extreme case 7y = 0, this

< 0. Moreover, as L shares more precise information, H uses less of his own

effect is shut down completely, i.e., ag = 0.

Next, as L shares more precise information, market makers raise the price impact ac-

cordingly, i.e., 8‘% > 0, which reduces market liquidity and thus hurts the investor,
ie., %L/\L% < 0. This effect works on top of the trading-against-error effect. When L’s

shared information becomes more precise, H trades against the error € more aggressively,
thereby leaving the aggregate order flow from the two investors more correlated with the
fundamental. Thus, market makers respond by increasing price impact to better manager
adverse selection risk and market liquidity worsens accordingly. Ultimately, L’s profits
can be eroded.

Finally, 77, also affects L’s profits directly, independent of the channels through the rival
investor’s trading strategies and market makers’ pricing rule. This direct effect arises
from L’s added noise €. Intuitively, as L shares more precise information, the term £,
becomes less volatile and its effect on L’s profits diminished.

We then investigate investor H’s information-sharing incentives. Similarly, we can derive
H’s unconditional trading profits as follows:

_ 1 . N _ N K
Ty = AE[i}] = EE[E[U — ANByy + Busu +ﬁLsL)|U,sH,sL]] ,

and use the chain rule to decompose the effect of 77 on his profits. Having established
that L would like to genuinely share her information, we now fix 7, = oo and explore
H’s information-sharing behavior. The following equation decomposes the effect 75 on
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H’s profits:

d7TH . 871'1.1 8BH i 87rH aﬁy i 87rH 85L
dTH N 86;1 aTH 8ﬁy aTH GBL aTH
information leakage <0 >0 >0

aﬂHﬂ aﬂ'H

- + — < 0 12
O\ 87’]{ aTH ’ ( )
——— ——
liquidity >0 <0
where

ory _ 1 oy _ 1

By = 3 < 0, 9By, 3 < 0,

%y _— ___ptl 9By _ p <0

oty 3N(TH+p+1)2 ’ Oty 4AX(TH+p+1)2 )

Org  _ _ 1 Org  _ _ _8tu+8p+9

o5, — 3 <0, = T3 (e < O

L _—____p N2 U ———

Oty 12X\ (rm+p+1)? ) ot T2X02 (TH+p+1)2 ’

Omp 1

{ o, 36A(rmtpt+1)? <0.

The key effect of H’s information sharing on his own profits is the information leakage
effect, which strongly reduces his incentives to share information, i.e., gg—ﬁ% < 0. With
superior information about the asset fundamental, H owns an informational advantage
over L. So, any piece of information sharing with L can only dissipate investor H’s
informational advantage. Recall that L uses H’s shared information to better inform her
trading decisions by trading alongside it, i.e., Sy > 0. With more precise information
shared by H, more information is leaked to L and she trades more aggressively on it, i.e.,

981 ~ (). This greatly erodes H’s competitive advantage and reduces his trading profits.

ot

At the same time, as H shares more precise information, his shared information crowds
out L’s endowed information ¢ and her shared information sy, in her trading rules, that
is, % < 0 and % < 0. And both effects encourage H to share his information, i.e.,
gg—Hgﬂ > 0 and g’T—Haﬂ > (. This is because if H’s shared information becomes more

H OTH BL Ot

precise, L trades more on this information and uses less her other information (g and
1) accordingly. Now investor H not only has an informational advantage in the asset
fundamental but also gains a strategic advantage by knowing his rival investor’s trading

rule better. Thus, H’s profits improve through these two channels accordingly.

As the liquidity effect in L’s information-sharing incentives, 74 also affects H’s profits
through its effect on pricing rule. However, different from the effect of 7, as H shares
more precise information, market makers reduces price impact, that is, Eg—’]\{ < 0. Why do
market makers respond differently to the two investors’ information sharing behavior?
As the more informed investor, when H shares more his information with L, the two in-
vestors’ private information becomes more homogeneous, which induces the two investors
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to compete with each other more aggressively. This intense inter-investor competition
reveals more information to market makers, reducing their informational disadvantage
and adverse selection risk. As a response, market makers decreases price impact and the
improved market liquidity benefits investor H.

Finally, the analysis of the direct effect of 74y on H’s profits is the same as the direct
effect in L’s information-sharing incentives. Overall, as the more informed investor, the
information leakage effect greatly hurts investor H and he simply refrains from revealing
any of his information to investor L.

To sum, by sharing information, L invites H to trade against her shared information,
offsetting her informed order flow and gaining her a better execution price. On the other
hand, any piece of information sharing can greatly dissipate H’s informational advantage.
Taken together, the strong trading-against-error effect encourages L to not only share
her information, but do so “as is,” and the strong information-leakage effect discourages
H from information sharing.

Having established the equilibrium information-sharing strategy, according to Proposi-
tion 1 we can characterize the asset price and investors’ trading strategies along the
equilibrium path. The following corollary summarizes the results.

Corollary 1 In equilibrium, the asset price is p = \*@, where

Vo VI +8p
60,/1+p

Investors H and L submit market orders Ty = a0+ a1y and Ir, = (B, + B1)y, respec-

(13)

tively, where

e  and B+ By = i L (14)
VI +8p V(I +p)(9+8p) V(1 + )9+ 8p)
and their respective unconditional trading profits are as follows:
9+4p)o, 200,
Ty = (O +4p)o and T}, = ro . (15)
6/(1+p)(9+8p) 3y/(1+p)(9+8p)

3.3 Implications

In this section, we examine the effect of information sharing on investors’ profits and mar-
ket quality by comparing the equilibrium outcomes with a benchmark economy without
information sharing (74 = 7, = 0). According to Proposition 1, we immediately obtain
the following corollary which summarizes the equilibrium in the benchmark economy
(note the superscript 0 represents the benchmark).
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Corollary 2 Suppose there is no information sharing: Ty = 7, = 0. In equilibrium, the
asset price is p = \° O, where

VAT 5p+ 202
N = VAFOPT AP (16)

(4+3p)oy

0

Investors H and L submit market orders iy = «,

v and T, = ﬁg y, respectively, where

2
ol = 2+ p)ow and (0 = P (17)

V44 5p + 2p2 YA+ 5p+2p%

and their respective unconditional expected profits are as follows:

2 20, 1 u
Ty = 2+ p)o and T = plLt p)o (18)

(4 +3p)\ /4 + 5p + 22 43 AT 5p+ 207

When there is no information transmission between the two strategic investors, they

trade on their own private information to maximize their respective trading profits, tak-
ing into account the competition between them and the optimal response of market
makers. Thanks to the more precise private information, investor H owns an informa-
tional advantage over investor L and trades more aggressively on his private information.
That is, a) > ). As such, investor H makes higher trading profits: 7j; > 7.

The implications of information sharing on the two investors’ profits and market quality
are summarized in the following proposition.

Proposition 3 Compared with the economy without information sharing, when infor-
mation sharing is permitted,

(i) Investor L is better off whereas investor H is worse off and their combined profits
are higher; that is, 75 > 7%, 7 < 7%, and 7} + 75 > 7Y + 7.

(ii) Market liquidity is lower whereas market efficiency and total trading volume are
higher; that is, \* > \°, m* > m°, and TV* > TV?°.

We first investigate how information sharing affects the two investors’ trading profits.
Part (i) of Proposition 3 summarizes the results. Why is investor L better off with infor-
mation sharing? As analyzed above, this is due to the novel trading-against-error effect.
In the benchmark without information sharing, investor L gains from trading on the fun-
damental component but loses from trading on the error component. Nonetheless, the
investor cannot distinguish the two components and have to trade on them simultane-
ously. With information sharing permitted, investor H’s trading against € helps hide L’s
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informed order flow, thereby benefiting L. For example, when € > 0, investor L tends to
buy an additional amount of (8; + 37 )€ than is justified on the basis of the fundamental
value 0. Meanwhile, since investor H trades against L’s shared information (a] < 0),
he tends to sell an additional amount |aj|é of the risky asset, which can partly offset
investor L’s trading demand. As such, investor L can execute her order at a better price

and lose less from the trading on the error in her private information.

Yet, how can investor H become worse off after receiving more information? With more
informed order flow offset, investor L becomes less concerned about the losses associated
with the trading on the error and in turn trades more aggressively. Mathematically,
recall that with information sharing permitted investor L’s trading strategy is 7, =
(By+ Br)y and the trading aggressiveness is captured by the coefficient 8, + 5. A direct
comparison of investor L’s trading aggressiveness in the main model with information
sharing permitted (see equations (14)) with that in the benchmark economy without
information sharing (see equations (17)) yields that 3; + 57 > 62; that is, L trades more

aggressively after sharing her information. Meanwhile, investor H is forced to trade less
0

aggressively on his endowed information, that is, o) + o < «,. Therefore, ironically,

investor H becomes worse off after the information sharing.

The whole investor side makes higher profits after information sharing (7 +75 > 7% +7?)
because with information sharing the two investors can better internalize the competition
between them. One numerical example indicates that, given p = 1 and o, = 1, by sharing
information, investor L’s profits increases by 32.7% whereas investor H’s profits drop by
4.1%; meanwhile, two investors’ total profits increase by 2.6%.

Having established that investor H makes lower profits with the shared information, it
is intuitive that H would be better off if he could commit not to using the received infor-
mation; that is, when contemplating the optimal trading rule, investor H commits that
ap = 0. But without additional assumptions, can he credibly make this commitment?
No. This is evident from investor H'’s optimal trading strategy as specified by equations
(14). Specifically, knowing that investor L trades on information § and being able to filter
out the error in this information, investor H always has the tendency to trade against it,
correct the price, and make profits. In other words, after receiving the information from
investor L, investor H cannot help using this piece of information despite its negative
consequences for his profits. We discuss the extended economy in which H has such a
commitment power in Section 4.2.

Next, how is information sharing affecting market quality? We examine market liquidity,
market efficiency (price discovery), and trading volume. Part (ii) of Proposition 3 sum-
marizes the results. Market liquidity is measured by the Kyle’s A, which measures the
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effect of noise trading on prices, and so it is an inverse measure of market depth: more
liquid markets have a smaller A\. A straightforward comparison of the equilibrium A* as
specified by (13) and that in the benchmark A\° as specified by (16) reveals that when
information sharing is permitted market liquidity decreases; that is, A\* > A°. This is
because with investor L’s private information shared with investor H, investor H trades
against the error in the shared information, thereby reducing the noise in the total or-
der flow. As such, market makers increase the price impact to manage the increasing
adverse-selection risk, which dampens market liquidity.

Following the literature (e.g. Kyle, 1985), We measure market efficiency (price discovery)
by the precision of the asset payoff conditional on its price, i.e., m = Var (17|]5)71. Intu-
itively, when the price aggregates a great deal of information, the residual uncertainty of
the fundamental ¥ conditional on the price p is low, and thus market efficiency is high.
According to corollaries 1 and 2, it is easy to show that market efficiency improves when
information sharing is permitted; that is, m* > m°. As argued above, after information
sharing, the total order flow becomes more correlated with the fundamental. Accordingly,
the price can aggregate more information about the fundamental. Therefore, while what
L shares is noisy information, market efficiency still improves.

Finally, following Vives (2010), we measure total volume traded, denoted by TV, by the
sum of the expected absolute value of the demands coming from the different agents in
the model divided by 2.2 Thus, the total volume traded is given by

1 - - - -
TV = §(E[|33H\ FEL] + @] + |uH>.

We find that information sharing is associated with higher total trading volume, that
is, TV* > TV Specifically, after information sharing is permitted, since L trades
more aggressively and H is forced to trade less aggressively, L’s trading volume increases
whereas H’s decreases, that is, E[|Z|] increases but F [|Zg|] decreases. In the net,
market maker’s trading volume increases, namely, E [|@|] increases.

4 Extensions

In this section, we consider four extensions of the baseline model to show the robustness
and generality of our key insight. That is, a coarsely informed investor can have a

strategic incentive to genuinely share her information with the well informed investor.

20ur result remains robust under alternative measure of trading volume, e.g., TV = 1 E[|&|] (Bern-
hardt and Miao, 2004).
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4.1 Information Sharing Between Imperfectly Informed Investors

In the baseline model, we assume that investor H has perfect information about the asset
fundamental. In this section, we relax this assumption and consider the more general

case in which information can be transmitted between imperfectly informed investors.

Assume that there are two investors, denoted by 1 and 2, who are endowed with private
information about the asset fundamental of potentially different precision. Specifically,

investor ¢, where ¢ € {1, 2}, receives private information as follows:
Ji =0+, &~ N(0,p; ") and p; € (0, +00].

For example, if p; > po, investor 1 is more informed about the fundamental than investor
2, and if p; = po their information is of the same precision. The baseline model is nested
by assuming an investor’s information precision to infinity, p; = 400, and letting the
other investor’s information precision be p; > 0, where ¢, j € {1,2} and i # j,

On t = 0, investor ¢ can decide whether to share a piece of garbled information to the
other investor:

§; = §; + &, where & ~ N(0,7,") and 7; € [0, +o0].

Investor ¢ chooses her information-sharing strategy 7; to maximize her expected trading
profits. All the other setups remain the same as in the baseline model.

We numerically verify that the investor with superior information does not share her
information; that is, if p; > p;, m» = 0 for 4,5 € {1,2} and i # j. The intuition is
the same as that in the baseline model. Without information sharing the more informed
investor owns an informational advantage over the other investor and hence makes higher
profits. Any piece of shared information can only dissipate the informational advantage
of the more informed investor. In the following analysis, we take it as given that the
more informed investor does not share her information and examine the information-
sharing behavior of the less informed investor. The following proposition summarizes the
equilibrium information-sharing strategy of the less informed investor in this extended
economy. Figure 2 graphically illustrates it.

Proposition 4 Consider two investors endowed with private information with different
precision. Assume that investor i is the more informed investor and she does not share
her information, where i € {1,2}, i.e., 7, = 0.

(i) If pi > pi = 2(p; + 1), where j € {1,2} and j # i, investor j fully shares her
information with investor i; that is, 7, = +00;
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Figure 2: Information sharing between partially informed investors

(ii) Otherwise, investor j does not share her information; that is, 7; = 0.

Proposition 4 shows that a coarsely informed investor would like to share her informa-
tion only when her counterparty investor has sufficiently precise information about the
fundamental. Moreover, if the investor decides to share her information, she will share
it “as is.” For all values of o,, Figure 2 plots the two investors’ information-sharing
behavior against the precision of their endowed information p; and ps. Specifically, if the
precision of investor i’s endowed information exceeds some threshold (p; > p;), the other
investor j would like to share all her information with investor ¢, where i, 7 € {1,2} and
i # 7. Otherwise, if the two investors’” information precision levels are close, there can not
be any information sharing between them. Recall that in the baseline model investor L
would like to share her information with investor H because of the trading-against-error
effect. This effect crucially relies on the fact that the more informed investor is able to
identify the error in the received information, and this is feasible only when the more
informed investor owns sufficiently more precise information about the fundamental.

To present the mechanism mathematically, we examine the two investors’ optimal trading
strategies. Without loss of generality, assume that p; > py. For ease of exposition,
we only consider whether investor 2 would like to genuinely share her information ¢,
to investor 1. After the information sharing, the two investors’ trading strategies are
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respectively as follows: Z1 = ayy1 + asys and Ty = [a7s, with

P1

Q, = > 0,
Y 2A(1 + p1 + p2)
p2(2+ 2p2 — p1) :
g = < 0 iff p; > 2(1 + po),
2 6A(1+ p)(1+ p1 + p2) P1 ( p2)
P2
=——>0.
KESYEES

First, consistent with Lemma 1, an investor tends to trade alongside her endowed in-
formation; that is, oy, > 0 and 5, > 0. Second, investor 1 (the information receiver)
trades against the information shared by investor 2 (the information sender) if and only
if investor 1 owns sufficiently precise information about the fundamental, namely, ay < 0
if and only if p; > p; = 2(1 + py). If, however, investor 1’s own information is not that
precise and investor 2 still shares her information, then instead of trading against the
shared information, investor 1 tends to trade alongside the shared information (ay > 0).
In this case, the information shared by investor 2 helps investor 1 better forecast the fun-
damental, thereby eroding investor 2’s competitive advantage and thus making greater
profits at the expense of investor 2. Therefore, in this case investor 2 will refrain from
sharing any of her information.

4.2 Multiple Insiders

In the baseline model, although investor H becomes worse off after being shared with
information, he cannot commit to not trading on it. In this section, we relax this as-
sumption and allow the insider H to commit to not receiving this information. We show
that as long as there is a large number of insiders it can be an equilibrium in which all
insiders trade against the shared information, despite the fact that they would be better
off if all of them committed to not receiving the information. In other words, the insiders
can be trapped in a prisoner’s dilemma.

In the extended economy, there are two groups of investors: (i) a number M of insiders,
denoted by Hi,..., Hyy where M > 1 is an integer, who privately observe o; and (ii)
investor L who only privately observes a noisy signal y about the asset fundamental
as specified by (1). As in Section 4.1, we take it as given that insiders do not share
their information (which is verified numerically) and explore the information-sharing
incentives of investor L. For simplicity, we assume that if investor L would like to share
her information, she shares it truthfully; that is, the precision of investor L’s shared
information §j, is either zero or infinity: 7, € {0,00}. All the other model setups remain
the same as in the baseline model. The following proposition summarizes the equilibrium
outcomes in this extended economy.
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Proposition 5 In the presence of M multiple insiders, the following two statements
must be true.

(i) When M > 3, the following cannot be an equilibrium: every insider commits to not
recewwing L’s shared information.

(ii) There exists a constant M > 0 such that when M > M, the following equilibrium
always exists: all insiders choose to trade against L’s shared information. However,
the insiders’ profits would be higher if they all committed not to receiving L’s shared
information.

In the baseline model with a single insider, we have shown that the insider is better
off by not trading against the shared information. In other words, if the insider has
commitment power, he would commit not to receiving the shared information. Will this
be true if there are insiders? Part (i) of Proposition 5 shows that it is not when there
are more than three insiders. The intuition is as follows. When there is a single insider,
he fully internalizes the negative effects of trading against the shared information and
the resulting increase in price impact, thereby optimally refraining from receiving the
shared information. However, when there are multiple insiders, one insider can deviate
to receiving the information and privately enjoy its incremental value without fully taking
into account its impact on investor L’s trading and market makers’ price setting.

Further, in the presence of multiple insiders, it is always an equilibrium in which every
insider chooses to receive L’s shared information. We can analytically prove this when
M is sufficiently large, as given by Part (ii) of Proposition 5. Meanwhile, these insiders
are trapped in a prisoner’s dilemma as they would be better off if they all committed
not to receiving the information shared by investor L, which couldn’t be an equilibrium
as shown by Part (i) of Proposition 5. We next numerically discuss that this prisoner’s
dilemma type of equilibrium should be a robust feature of the multi-insider economy in
Figure 3.

First, as the number of insiders increases, investor L has a stronger strategic motive to
share her private information. To see this, we compute the profit change of investor L
from the benchmark economy without information sharing to the extended economy in
which L genuinely shares her information and all insiders trade against it. Panel (a) of
Figure 3 plots the profit change of investor L against the number M of insiders. We
find that consistently for all values of M, sharing information can improve L’s profits.
Further, as M grows, the profit improvement ratio keeps increasing. That is, investor L
has a stronger motive to share her information as M increases. This is because with more
insiders trading against the shared information, investor L’s informed order flow can be
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offset more; consequently, investor L trades more aggressively on her own information

and makes higher profits. In fact, it can be shown that if M goes to infinity, L’s profit

3+2p
1+P2 9

ratio for L via information sharing. For example, if investor L owns very coarse informa-

improvement ratio approaches which is the upper limit of the profit improvement

tion (i.e., p — 0), this limit reaches 3; that is, by sharing her information to a sufficiently
large number of insiders, the coarsely informed investor L’s profits can triple in the best

scenario.
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Figure 3: Multiple insiders

Second, as M increases, the insiders, though worse off after information sharing, incur
fewer losses. Panel (b) of Figure 3 plots the profit change of an insider from the bench-
mark economy without information sharing to the extended economy in which L gen-
uinely shares her information and all insiders trade against it. We find that for M > 2
all insiders’ profits drop after they trade against the shared information. In addition,
while the insiders keep suffering a loss after information sharing, the loss decreases as M
increases. This is because in the presence of multiple insiders, although as in the baseline
model investor L trades more aggressively after sharing her information , the incremental
aggressiveness is smaller if L is faced with a large number of insiders. Therefore, the loss
of an average insider decreases.

4.3 Costly Information Acquisition for Investor L

In the baseline model, the two investors are endowed with their respective private in-
formation and we find that the less informed investor L would like to fully share her
information with the well informed investor H. One natural question arises: will investor
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L still share her information if the information needs to be acquired at a non-negligible
cost?

In this section, we endogenize investor L’s information acquisition. Assume that before
the two investors’ information sharing on ¢ = 0, to acquire information of precision p
investor L needs to incur a cost according to a linear cost function, ¢ - p, where ¢ is a
positive constant.® Investor L chooses the precision p to maximize her expected trading
profits net of the information-acquisition cost. We then study the effect of information
sharing on investor L’s information-acquisition incentives by comparing this extended
model to its benchmark economy in which there is endogenous information production
but no information sharing (i.e., investor L can produce information and 74 = 7, = 0).

In the benchmark economy in which there is no information sharing and investor L can
decide how much information to produce, based on equation (18), investor L’s expected
trading profits net of the information-acquisition cost can be expressed as follows:

o p(1+p)oy

(44 3p)\/4+5p+2p

Maximizing the net profits yields investor L’s optimal information-acquisition decision,

pY, which is uniquely determined by the following equation:

¢ 32+84p+69p* + 19p° (19)
ou 24+ 3p)2(4+5p+2p2)%2

When information sharing is permitted, according to Section 3 we know that in equilib-
rium investor L shares her information “as is” whereas investor H does not share any
information. Based on equation (15), investor L’s expected profits net of the information-
acquisition cost can be calculated as follows:

_ 2pay
3v/(1+p)(9+8p)

Again, maximizing the net profits yields the optimal information-acquisition decision, p*,

T, —C-p —c-p.

which is uniquely determined by the following equation:

c 18+ 17p (20)
ou  3(9+17p +8p2)3/2°

Then, a comparison of p* with p° yields the following Proposition.

3The linear information-acquisition cost is assumed for tractability. Linearity in precision can be
an analog of the case with discrete sampling with a constant cost per independent sample. Such an
assumption is commonly made in the literature (e.g., Verrecchia, 1982; Kim and Verrecchia, 1991; Myatt
and Wallace, 2002).
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Proposition 6 Assume that information acquisition is costly for investor L. There ex-
ists a constant ¢, where ¢ = 0.0520, such that relative to the economy without information
sharing, when information sharing is permitted, if c/o, > (<) ¢, investor L acquires more

(less) information; that is, p* > (<) p°.

Relative to the benchmark economy without information sharing, when information shar-
ing is permitted, investor L’s information acquisition is determined by the following trade
off. On the one hand, as discussed above, by sharing information with investor H, in-
vestor L can better hide her informed order flows, thereby trading more aggressively
even though her information remains as noisy as before. This trading-against-error ef-
fect depresses L’s incentives of acquiring information. On the other hand, with higher
trading profits after sharing her information, investor L can afford to acquire more infor-
mation about the fundamental and make more informed trading decisions. This in turn

encourages investor L to acquire more information.

Proposition 6 formalizes the above trade off faced by investor L when making information-
acquisition decisions. The relative strength of the two forces depends on the primitives
of the model, namely, the cost of acquiring information and the noise trading volatil-
ity. Ceteris paribus, investor L’s net gains of information acquisition decrease with the
information-acquisition cost ¢ and increases with the noise trading volatility o,, so ¢ and
o, have opposite effects on investor L’s incentives to acquire information. Nevertheless,
the optimal information acquisition only depends on ¢/a,.

If ¢/o, is low, investor L has acquired a great deal of information. She is less concerned
about improving the forecasting ability of the fundamental, but cares more about hiding
her informed order flows. When information sharing is permitted, investor L would like
to induce investor H to trade against her information and help her offset the order flow.
Therefore, investor L is less incentivized to acquire information. However, if ¢/, is high,
investor L only acquires a limited amount of information. When information sharing is
permitted, with the higher profits, investor L would like to produce more information to
further enhance her trading decision-making. Panel (a) of Figure 4 graphically illustrates
the information-acquisition result.

Then, how will investor L’s information-acquisition behavior affect the market quality?
We plot market liquidity, market efficiency, and trading volume across the extended
economy and its benchmark economy in panels (b1)-(b3) of Figure 4, respectively. We
find that regardless of investor L’s information acquisition, the economy with information
sharing is always featured with lower market liquidity, higher market efficiency, and
higher trading volume. Again, with investor L sharing her information, investor H tends
to trade against it, which reduces the noise in the total order flow and induces market
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Figure 4: Costly information acquisition for investor L

makers to raise the price impact. Therefore, market liquidity decreases. Further, despite
that investor L may acquire less information when information sharing is permitted, the
intensive trading by the two investors render the total order low more correlated with
the fundamental, which always improves market efficiency. Finally, L’s aggressive trading
after information sharing raises total trading volume.

Next, to take a further look at investor L’s optimal information-acquisition decisions,
we plot how L’s information production p affects her expected trading profits net of the
information-acquisition cost 77, —c-p in panels (c1) and (¢2) of Figure 4 under the cost ¢ =
0.02 and ¢ = 0.08, respectively. The other parameter is o, = 1. The solid (dashed) line
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denotes the economy with (without) information sharing. Consistent with Proposition
6, with a fixed o, if ¢ is low (high), investor L acquires less (more) information when
information sharing is permitted, namely, p* < (>)p°. More importantly, Panels (c1)
and (c2) show that allowing investor L’s endogenous information acquisition can only
reinforce her gains from the information sharing. In other words, when information
sharing is permitted, by choosing p* investor L makes higher profits than those in the
situation where the information precision is exogenously given. Finally, regardless of L’s
information-acquisition cost ¢ or her information production p, relative to the benchmark
economy without information sharing, investor H always makes lower profits, as shown
in Panel (c3) of Figure 4.

4.4 Public Shared Information

The insight in the baseline model hinges on the fact that rational investors can privately
communicate with each other, that is, the shared information is not revealed to the
public (market makers). However, in reality, information may be leaked during this
communication process. In this section, we allow the shared information to be public
and show that our key insights remain robust as long as market makers cannot interpret
the shared information precisely and investor H has better ability to process the shared
information than market makers.

To simplify the analysis, we assume that investor L either refrains from sharing infor-
mation or shares all of her information: 7, € {0, +o0}. Consider the following extended
economy. As in the baseline model, investors control the precision of their respective
shared information, but the information becomes public. Following Myatt and Wallace
(2002), we introduce “receiver noise” to capture receivers’ different capabilities in inter-
preting the same information. Specifically, for L’s shared information 5, investor H and
market makers observe

G = 81 + € and Gy = 51+ Eur,

respectively, where £ ~ N(0,x5), éu ~ N(0,x31), and 31, £y, and &), are mutually
independent. Similarly, for H’s shared information sy, investor L and market makers
observe

Zr = Sg +np and 2y = Sy + M,

respectively, where 7, ~ N(0,x;"), iy ~ N(0,53,}), and 85, 7z, and 7y, are mutually
independent. Thus, the baseline model is nested with k;, = yg = oo and ky; = xp = 0.

We use Figure 5 to numerically characterize investor L’s information sharing behavior in
this extended economy. We assume that the investors have the same ability to interpret
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each other’s shared information (k;, = xp) and market makers have the same ability to
interpret the two investors’ information (rky = &yr); the other parameter is o, = 1. We
find that as in the baseline model, H never shares any of his information. Therefore, we
only plot L’s information sharing behavior in Figure 5: the shaded area indicates the
region in which L does not share her information (7, = 0) and the blank area is the
one in which L would like to share her information (7, = 00). As long as x,s is small
and x g is sufficiently higher than yx,;, investor L is willing to share her information de-
spite the potential information leakage to market makers. Again, by sharing her private
information and inviting H to trade against it, investor L has her order flow partially
offset and obtains a better execution price. If market makers can only observe a noisy
version of this signal and investor H has superior ability in interpreting it, for L the ben-
efit of information sharing overshadows the loss from information leakage to the public.
Moreover, in the three panels plotted in Figure 5, as L owns more precise information
(p increases), she is less likely to share her information. This is because with the less
error in the endowed information, L benefits less from the trading-against-error effect in

information sharing.
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Figure 5: Public shared information (o, = 1,k = xg, kp = Xm)

5 Applications

5.1 Why does a barking dog bark?

It is not uncommon to observe investment opinions expressed on the social media such as
Twitter, Seeking Alpha, and Facebook Posts. Yet, as suggested by the proverb “a barking
dog never bites,” these barking dogs (posters) should rarely possess true insights, thereby
rendering (most of) the barks noise. Then, why does a barking dog bark?

One intuitive explanation for why investors share their information in financial markets
is that the information disclosure helps speed up price discovery, thereby overcoming
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the noise trader risk. For example, Ljungqvist and Qian (2016) find that by releasing
detailed reports after building short positions, investors manage to correct the mispricing
and close their positions. In this way, they circumvent the short-sale constraints and
noise trader risk. Alternatively, some investors spread information to manipulate the
market (e.g., Benabou and Laroque, 1992). For such short-and-disclose strategy and
manipulation strategy to work, reputation and the associated credibility are the key.
That is, the barking dog really bites. While some big asset managers such as Black
Rock, Pimco, and State Street regularly publish reports with strategies and views of the
assets they are investing in, it is hard to argue that the masses of investors who share
their investment views on Twitter own such reputation. Some other common intuition for
the observed widespread information-sharing behavior holds that the individual investors
share investment ideas for economic reward, social recognition, self-esteem, or to develop
individual skills (Estellés-Arolas and Gonzélez-Ladré-De-Guevara, 2012).

Our analysis offers a novel and complementary explanation for why the masses of investors
with coarse information would like to share it truthfully on the social media. Section 4.4
provides a setting which enables us to map this situation into our framework. Specifically,
the investors who share their investment opinions on the social media (such as Tweet
writers) are represented by the coarsely informed investor L in our model, whereas the
investors who extract investment signals from the social media (such as hedge funds who
actively analyze the sentiment in Twitter) are represented by the well informed investor(s)
in our setting. While the investment opinion is public information, the uninformed market
participants (e.g., market makers) are not as skilled as the well informed investor(s) in
analyzing the contents on the social media and understanding the information there. As
such, the information expressed on the social media can be seen as being only transmitted
from the coarsely informed investors to the well informed ones. Therefore, our theory
rationalizes this information-sharing behavior as follows: by sharing noisy yet truthful
information on the social media, the general investors invite the well informed investors
to trade against their shared information, which partially offsets their informed order
flow, and gains them a better execution price.

Our paper thus suggests that the coarsely informed investors can have a more strategic
motive for information sharing. This insight is useful in interpreting a stream of empirical
studies that examine the ability of information contained in the social media to predict
financial market movements. The claims about the predicatibility of such information
are mixed. For example, Chen et al. (2014) find that the views expressed in Seeking
Alpha articles and commentaries predict stock returns over the ensuing three months
and earnings surprises. However, Tumarkin and Whitelaw (2001), Antweiler and Frank
(2004), Das and Chen (2007) fail to detect strong relationship between opinion transmit-
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ted through the social media and stock returns. As suggested by Antweiler and Frank
(2004), we need first understand why people post messages on the social media outlet
and to properly answer this question requires a theory of communication that contains a
financial market. We provide such a theory and it points out that some coarsely informed
investors do have the incentive to truthfully share their investment opinions. Because the
opinions contain information about the fundamental, it is useful to predict stock returns;
in particular, this explains why the views expressed in Seeking Alpha can predict returns
over as long as a three-year horizon (Chen et al., 2014). Meanwhile, these investment
opinions, though truthful, are noisy and thus their predictability can be undermined.

In addition, our model sheds new light on the increasingly popular trading strategies
based on the sentiment extracted from the social media. For example, a growing number
of hedge funds are buying the data feeds from Dataminr, which applies advanced ana-
lytics to the entire Twitter “fire hose” to detect events likely to move the market (“How
investors are using social media to make money,” December 7, 2015, Fortune). Our
model suggests that for investors that are not well informed, such sentiment might better
inform their trading decisions and increase trading profits. However, if the investors per
se have been well informed about the fundamental of a firm, an industry, or the economy,
then subscription to the data feeds can be a prisoner’s dilemma for these investors. That
is, by filtering out the noise in the coarse information on the social media and trading
against it, these well-informed investors offset the order flow from the coarsely informed
investors and can be forced to trade less aggressively on their own information, thereby
losing competitive advantage and incurring a loss.

5.2 Communication and information network

Word of mouth communication also plays an important role among professional investors
in information transmission in financial markets (e.g., Shiller and Pound, 1986; Hong,
Kubik, and Stein, 2005; Luo, 2018). Given the enormous amount of resources spent on
acquiring information, why do investors share their valuable private information? Who
shares information with whom?

The answers to these questions are fundamental to our understanding of information
networks and their implications for financial markets. Our theory offers a parsimonious
framework to answer the two questions. Specifically, even in possession of coarse informa-
tion, an investor would like to share her information with the well informed investors to
induce them to offset her informed order flow. The more genuine the shared information,
the higher the benefits for the coarsely informed investor. Therefore, the focal coarsely
informed investor is willing to truthfully share her information. Meanwhile, the direction
of the information flow is unique here in that it transmits from the less informed side to
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the more informed one, whereas in the common explanations, the information flows in
the opposite direction. This novel insight thus helps explain why information sharing can
be such a widespread phenomenon in financial markets; that is, even coarsely informed

investors would like to share their investment opinions.

Further, as shown by Proposition 3, while the coarsely informed investor gains from
sharing her information, the well informed investor loses from trading against the shared
information. Therefore, if the well informed investor can choose, he might only com-
municate with other well informed investors but refuse to talk to the coarsely informed
investors. As the very basic component of any information network, according to our
theory a pair of investors is a stable relationship if it consists of investors with similar
information quality. Casual observations suggest that professional fund managers usually
establish a core group of friends of similar background and the community is relatively
stable (Cohen, Frazzini, and Malloy, 2008, 2010; Cohen and Malloy, 2010).

Meanwhile, Section 4.2 suggests that when there are multiple well informed investors, all
of them may end up checking and trading against the information shared by the coarsely
informed investor. This is a prisoner’s dilemma because they could have been better
off if they together refused the shared information. Interestingly, this suggests that for
the increasingly popular investment conferences (Luo, 2018), even though the expressed
investment ideas might not be that great, an well informed investor (e.g., a prestigious
fund manager) attending it can induce other well informed ones to participate because
otherwise the non-participant well informed investors are left at an information disad-
vantage. This result potentially explains why such investment conferences are gaining
popularity.

6 Conclusion

This paper proposes that an investor with imperfect information may voluntarily reveal
her information to a well informed investor. Being able to sift the error from the fun-
damental, the more informed investor tends to trade against the shared information. In
this way, the investor that shares her information can have her informed order flows par-
tially offset and enjoy better execution price (trading-against-error effect). By contrast,
the well informed investor never shares his information because any piece of information
sharing can only dissipate his informational advantage and erodes his profits accordingly.
Further, after information sharing, the less informed investor becomes less concerned
with the error in her information and trades more aggressively on it. The well informed
investor is forced to trade less aggressively despite the superior information, which ulti-
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mately erodes his profits. Market liquidity worsens whereas both market efficiency and
trading volume increase after information sharing. Our model offers a novel explanation
for why investors share their information in financial markets. Our explanation is unique
in that it is less informed investor that releases her information to the more informed
investor.
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Appendix

Proof of Lemma 1

See the main text.

Proof of Proposition 1-2 and Corollary 1-2

Most of the proof is presented in the main text. We here only verify that investor H
does not share any information (74 = 0) and investor L shares all of her information
(1, = +00). Equation (11) can be rewritten as the following:

Aty (2445p% 4 6374p + 4128) p*1p, + 47y (28560 + 6907p + 4128) pr7
+647y (690 + 155p + 86) 77 + gy (693p* + 1947p + 1376) p°
+147273 (11, + p) * + 1677 (11, + p) % ((276p + 310) 71, + p(219p + 310))
+ (27720 + 10803p? + 14072p + 6048) p*7p,
+4 (876p° + 3187p? + 3823p + 1512) prf + 32(p + 1)?(46p + 63)7}
+9 (81p" + 335p% + 476p + 224) p°
67, (87H (87w + 14p + 17) + p(48p + 113) + 72)
12473 (i + p+1) (87 +8p +9) | 32
+24p° 1y (8T 4 12p + 17) + 54(p(2p + 5) + 4)p?
X (47 (10 + p) + 4(p+ V)71 + p(3p + 4)) ?

> 0.

Therefore, investor L will optimally choose 7, = +o0. Similarly, equation (12) can be
simplified to the following:

ong(TH,TL)

5 = 20, (11 +p)?
TH

+8 (114p% + 233p + 119) 77 + (441p* + 1293p + 952) p°
+121675 (11, + p) 2 + 1673 (71, + p) 2 ((228p + 233) 71, + p(159p + 233))
+2 (882p° + 34950 + 4532p + 1944) p*7p, + 4 (636p> + 2225p% + 2561p + 972) pr7
+16(p + 1)*(76p + 81) 75 + 9 (45p" + 202p* + 292p + 144) p?
p7r (871 (8Tr + 14p 4+ 17) + p(48p + 113) + 72)
3 +472 (tgr +p+1) (875 +8p+9) | 3/?
+4p% 1y (87 +12p +17) 4+ 9(p(2p + 5) + 4)p?
X (47 (t1,+ p) + 4(p + D71 + p(3p + 4))

((1713,02 + 4450p + 2856) p*1r, + (2184p* + 5021p + 2856) pT§>
TH

Therefore, investor H will not share any of his information: 74 = 0. QED.
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Proof of Proposition 3

Based on Corollary 1-2, we know that

1 9+14 6(2 2
WE—W%:—0< o0 - 2+0) ><0,

6 “\\I9+17p+8p% (44 3p)\/4+5p+ 20

where the inequality follows because

((9+4p)(4+3p) my - (6e+ p)2m>2

= —p (1296 + 3044p + 2611p* + 970p° + 132p") < 0.

Similarly,
1 2 3(1
T — T = ~pa, — (1+0) > 0,
3 VI+17p+8p%  (4+3p)\/4+ 5p+ 2p?

where the inequality follows because
2 2
(2(4 4 3p)/A+ 5p + 2p2> _ (3(1 Y W9+ 1Tp+ 8p2>
= 175 + 389p + 293p* + 75p° > 0.

Further, according to Corollary 1-2,

oo L VI +17p+8p%  6+/4 +5p + 2p? .
60y, 1+p 44 3p

Y

where the inequality holds because

2 2
((4 +3p)V/0 + 17p + 8p2) . (6(1 o)A TBp+ 2p2) = p (21p% + 41p + 20) > 0.

For market efficiency, in the benchmark economy without information sharing,

U (VL. N T,
oL+ BT (B fpt ol A+

and in equilibrium,

()t =1 (a + B —ai)? _ 3202+ 93p+36
(o + B —ap)2+ (B0 — aj)2/p+ 02 153p% +225p + 72°

A direct comparison yields (m*)~! < (m")~!. Therefore, m* > m°.
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Finally, we discuss trading volume. The trading volume of H in the benchmark economy

. S . 0 __ (2+p)ow * __ \/9t+4poy
and that in equilibrium are respectively TV} = Vo irop ot and TV = - T and

it can be shown that TV} < TVJ. Similarly, the trading volume of L in the benchmark

economy and that in equilibrium are respectively TV} = NNy % and TV =
m p+2p

Vel o) , and it can be shown that TV} > TV). Further, the trading volume
V2m\/(9+8p)(1+p)

of market makers in the benchmark economy and that in equilibrium are respectively

o _ V(1+p)(4+3p)ou « _ 4/3(6+1lp)oy . % 0
TV = NCNEE and TVy; = VN and it can be shown that T'Vy; > TV;;.
Last, to prove the total trading volume increases after information sharing (TV* > TV?),

given that the trading volume of market makers increases (T'Vy; > TV})), it suffices to
show that TV} + TV} > TV) + TV}, Define

R e e ]

Solving f(p) = 0 yields the unique real root p = 0. This suggests that for all p € (0, +00),

f(p) shares the same sign. With a randomly picked positive number, i.e., p = 1, we find

that f(1) = wirs (2%? — 33;%5) ~ 0.0286 - 2= > 0. Therefore, f(p) > 0 for p > 0, that

is, the total trading volume increases after information sharing. QED.

Proof of Proposition 4

Without loss of generality, we consider the case in which investor 1 is endowed with
information of higher precision than investor 2, that is, p; > p;. We take it as given that
investor 1 as the more informed investor does not share her information. We consider
a linear pricing rule for market makers p = A& and linear trading strategies for the two

investors: 1 = ayf1 + 25, and To = B2 + [a25,.

After information sharing, investor 1’s information set is F; = {0,8,}. With the in-
formation set, investor 1’s posterior beliefs about the fundamental value, investor 2’s
information, and noise trading are

p1(p2 + T2)T1 + paTads

E ’lNJ f — )
(o171) (L+ p1 + p2)m2 + p2(1+ p1)
- p1p2i1 + (1 + p1 + p2)T252
Bl Fy) = ,
(G:171) (14 p1 + p2)72 + p2(1+ p1)
E(a|F) = 0.

Then investor H’s conditional trading profits can be expressed as follows:

m =21 (B (01F1) = MA@y + By E (920 F1)) + Fa2) - (A1)
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Maximizing investor H's profits yields the optimal trading strategy: Z; = ayy1 + @252,
with
_ p1 (72 4 p2 (1= ABy))
Qy = ,
2X((p1 + D) 12+ p2 (o1 + 72+ 1))
Ba T2 (Alp1+p2+1) By — p2)

g = —— —

2 2X((m+D)7m+p(p+m+1)

Similarly,we can derive the trading strategy of investor 2 2o = 8,72 + B252, with

11— Aoy
ﬂy:_ )
2\ 1+ po
(0
-2,

With the two investors best-response trading strategies we can derive their optimal trad-

ing rules as functions of 7, and A\ as follows:

S p1(2p2 (12 + 1) + p3 +2m)
YN Bor A+ 4) +4p(pr (et )+ 2+ 1) +4(p+ 1))
1

|

202 (—p1 +2p2 +2) 1

o =

2 3)\p% (3p1—|—47'2+4)+4p2 (pl (T2+1)+27'2+1)—|—4<p1+1)7'2
B, = 1 p2 ((p1 +2) 72+ pa(p1 + 272+ 2))

Y TNPE(Bpr A AT+ 4) +dpa (pr (o + 1)+ 21+ D+ 4 (p1 + 1) 1y

By — _i p2(—p1+2p2+2) 1
2 AP (Bpr+4m+4)+4pa (pr (o + 1)+ 21+ 1) +4(p1 + 1) 7’

where A > 0 is determined by the following equation:

pT (03 (4875 + 45) + p3 (3275 + 11372 + 36) + 4pam2 (177 + 18) + 18p3 + 3673)

+p1 (p3 (4872 + 45) + 8p3 (873 + 2372 + 9) + 4p3 (4175 + 5279 + 9) + 8pars (1772 + 9) + 3673)
+4p2 (p2 + 1) (p3 (875 + 1772 + 9) + pars (1672 + 17) + 873)

3(p3(3p1+4m2+4) +4p2(pi (2 +1) + 2124+ 1) + 4 (p1 + 1) 72) o '

A pu—
Inserting the optimal trading strategies into investor 2’ profit function and taking expec-
tations yields her unconditional profits my(72; p1, p2) = E[ma].

As in Proposition 2, if p; — +00, we can show that

Oms (13 400, p2)
(97'2

> 0.

That is, investor 2 shares her information “as is.”
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If py = po, we observe that for any po

87?2(7;,752,92) = 3 (py+2) 0

905 (168875 + 2477) + 6p5 (457677 + 200147, + 13365

+8p5 (160075 + 2448877 + 478247, + 18621

+4p5 (2297675 + 14079375 + 15691375 + 37512

+4p5 (6354477 4 20867975 + 13965072 + 19332

+8p3 (4425473 + 8408575 + 319587, + 1980

+16p372 (1653475 + 1745775 + 2942

+16pa73 (63117, + 2914) + 2511p) + 153927

6 (803 (T2 + 1) +4p2 (312 + 1) + 3p3 + 475) °

§ ( P (9675 + 90) + p3 (12875 + 36573 + 144)) »
P2\ 4802 (4172 + 527, +9) + dpoms (677 + 35) + 18 + 6872

e N N N N N

Therefore, investor 2 does not share her information, i.e., 75 = 0.

So, based on the fact that %ﬁ;}om > 0 and %;52’”) < 0, by intermediate value
theorem, there must exist p; such that when p; = p; investor 2 is indifferent between

sharing information with investor 1 or not for any py. Further,

872(7'23P1,P2)

vy
5 = 0up2(2 + 2p2 — p1)
T2

\Il_27
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where

9p5 (1647 + 209) + 243 (21875 + 6477, + 381)
+4p5 (94475 + 751675 + 107457 + 3195)
Uy = —pt +4p5 (419275 + 1548775 + 116467 + 1476)
+4p57s (702875 + 137077, + 4428)
+144po73 (14675 + 123) — 243p5 + 590473
18p3 (2117, + 403) + 905 (67275 + 31667, + 2231
+p5 (457675 + 4529675 + 847667, + 31446

)

)

5 +2p5 (1320075 + 6162275 + 618237, + 12726)
)

)

—2
& +8p3 (750375 + 1995475 + 110527, + 1035

+4p37> (1685875 + 251197 + 6210
+72po72 (5217 4 345) + 1377p5 + 828073
3p5 (8572 + 82) + 3p5 (11875 + 5257 + 319)

+p5 (20075 + 275275 + 48897, + 1725)
+p5 (156075 + 781475 + 74337, + 1452)
)
)

— 24 (py + 1) pi
(o2 +1) 7 +4p5 (98175 + 253075 + 12997, + 111

+4p37> (110375 + 15097, + 333
+12py75 (19175 + 111) + 44477
3p5 (1775 + 3872 + 21) + py (—8675 + 12875 + 4517, + 225)
+p5 (4275 + 76975 + 10217, + 234)
+2p372 (19575 + 67973 + 342)
+2p973 (28175 + 333) + 21673
+128p3 (pa + 1) (po (o + 1) + 72) % (p2 (1772 + 18) + 1773),

—32p2 (p2+1)%p1

and

= (03 (3p1 + 41 +4) +4p2 (pr (T2 + 1) + 272 + 1) + 4 (p1 + 1) 72) 2
o3 ( 5 (4875 + 45) + p3 (3275 + 11372 + 36) + 4poto (1772 + 18) + 185 + 3675 )
o ( P (4875 + 45) + 8p3 (877 + 231 + 9)) 32
+4p3 (417’22 + 5279 + 9) + 8paTy (1775 + 9) + 3675
+4ps (p2 + 1) (p3 (875 + 1772+ 9) + pa72 (1672 + 17) + 873)

Note that the indifference condition at p; = p; suggests that for any 7 we must have
%ﬁ’m) = 0, which can only be true if p; = 2(1 4 p3). Therefore, when p; > p; =
2(1 4 p2), investor 2 will share all her information with investor 1, whereas when p; <
p1 = 2(1 + po), investor 2 does not share any information with investor 1.

The analysis of the case p; < py is similar. QED.
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Proof of Proposition 5

Note that we focus on the case in which insiders do not share their information and
investor L either shares all or none of her information, i.e., 74 = 0 and 71, € {0, +o0}.
Assume that among the M insiders, M; of them choose to read the information shared
by investor L. We consider the following symmetric linear trading strategies; that is, the
insider that reads the shared information demands z; = o, ¥ + ap,y units of the risky
asset, where ¢ € {1,..., M;}, and the insider that commits to not receiving the shared
information demands Zj = v, 0 units of the risky asset, where k € {M; +1,.... M}. We
also consider a linear pricing rule for market makers p = A\@.

Consider insider i € {1, ..., M;} that reads the shared information. With the information
set {7, 7}, her conditional expected profits are as follows:

E[jl(ﬁ - ]5)] = I; (6 —A (‘%2 + (Ml - 1)(041)16 + Oéng) + (M - M1>O‘v2f) + Bg)) :
Maximizing the profits yields insider i’s optimal trading rule z; = o0 + o,y with

Oy, S (1 — (M — DAy, — (M — My)Aaw,) and af, = ! (My — 1)ag, + B).

S 2
(A2)

For insider k € {M; + 1,..., M} that commits to not receiving the shared information,
with the information set {0}, her conditional expected profits are as follows:

Elzr(0 —p)] = & (0 — XN (T + My (o, 0 + ap,0) + (M — My — 1), 0 + (7)) .
Maximizing the profits yields insider £’s optimal trading rule z; = o, 0 with
1
Qo = 5y (1= BA— M MNag, + ay,) — (M — My — 1)Aay,) . (A3)
For investor L, her conditional expected trading profits are as follows:
S (e ~ P ~ P ~ P
Ezro—p)=2,( —y -2+ M | ap,—y+ar,y | + (M — M;)a,,—— .
[Z1.( p)] L(1+py (L 1( 1+py Ly) ( 1) 1—|—py>>
Maximizing investor L’s profits yields her optimal trading strategy =, = By, with
M, P
= —— —— (1 — Mida,, — (M — Mi))da,) . A4
5 205L1+2)\(1+p>( 1Ay, ( 1)0() ( )
Imposing symmetric equilibrium o, = o, , o, = ar,, and a,, = a,,, the interaction of
the reaction functions (A2)-(A4) yields the optimal trading strategies as specified below:
(2+ My)(1+ p)
AMA+M)2+ M)+ 2+ M)(1+ M)p)’

_ P
T TN+ M2+ M)+ 2+ M1+ M)p) (A6)

2+ M, +p+ Mp
A1+ M)(2+ M)+ (24 M)(1+ M)p)’
(1+ My)p
M+ M2+ M)+ 2+ M)(1+ My)p)

Ay, =

(A5)

(A7)

Oé»UQ -

8= (A8)
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Using the weak efficiency rule, market makers’ optimal pricing rule is as follows:
Ml(avl + ole) + (M - M1>Oév2 + B
(My(aw, +ap,) + (M = My)aw, + 8)* + (Miay, + 58)/p+ 03

Inserting the optimal trading strategies into A we can express the equilibrium pricing
rule as follows p = A\w with

A:

VM2 + M +p+ Mp)2+p+p2+ Mip(3+ M + (2+ M;)p)

A= AU+ M)2+ M) + 2+ M)(1+ Mi)p)) o,

(A9)

Now, inserting the optimal trading rules (A5)-(A8) and the optimal pricing rule (A9)
into the investors’ expected trading profits and taking expectations yields their respective
unconditional profits as follows:

(1+p)os (2 + My)* + (1 + My)?p)

mi(My, M) = 5 (M + (1 4+ M)(1+ )2+ p+p+ Mip(3+ M, + (2 + My)p))’
(A10)
ro(Ms. M) = o2 (14 (14 My)(1 + p))?
REDT T NM(U 4 (U4 My)(T+ p)2+ p+ 02+ Mip(3+ My + (2+ My)p))’
(A1)
WL(MlaM) _ O-'Zp(l—i_p) (1+M1)2

AMA+ 1+ M)1+p)2+p+p>+ Mip(3+ My + (2+ M)p))
(A12)

First, we discuss if M; = 0 (that all insiders commit not to receiving L’s shared infor-
mation) is an equilibrium. When M; = 0, based on equations (A11), the profits of the
insiders are as follows:

(2+p)’o

M) = G T M ) VIR E

If one insider deviates to receiving the shared information, according to equation (A10),
her profits will become

(L+p)(9+4p)oy
(34 4p+ M3+ 2p)/M(B+2p)2 + p(5 +4p)

71',‘(1, M) =

i (1,M)

Therefore, M; = 0 is not an equilibrium if e (00)

> 1.Further, we know that

M? (18p" + 121p" 4 303p° + 335p + 138
+M (56p" +299p" + 577p° + 469p + 132
0 (m(1L, M)\  pm(1,M) +2(p + 1)% (24p° + 56p + 33)
( ) - om0, M) [ 2(M(p+2) +2(p+ 1)) (M(p+2)* + plp+1))
(x (M(2p+3)+4p+3) (M(2p+3)* + p(4p + 5)))

— ——

>0
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and when M =4,

mi(1,4)  2(p+1)(B3p+5)(4p+9)\/5p* + 17p + 16

> 1
(0, 4) 3(p+2)2(4p + 5)1/20p% + 53p + 36

Y

where the inequality holds because

2 2
(2(p +1)(3p+5)(dp+9)\/502 + 17p + 16) - (3(p +2)2(4p + 5)\/200% + B3p + 36)
= p (240p° + 2744p° + 13071p* + 33004p° + 46336p° + 34132p + 10260) > 0.

Therefore, if M > 4, we must have = (( )) > 1; that is, M; = 0 cannot be an equilibrium.

Second, we discuss if M; = M (that all insiders receive L’s shared information) can be
an equilibrium. When M; = M, based on equation (A10), the profits of the insiders are
as follows:

(M%*(p+1)+2M(p+2)+p+4) o,
(M2 4+ 3M +2)\/p(M2(p+ 1)+ M(2p+3) +p+ 1)+ M(Mp+ M +p +2)%

mi(M, M) =

If one insider deviates to not receiving the shared information, according to equation
(A11), her profits will become

Mp+ M +1)%0,
(M —1, M) = (Mp+ M + 10

ﬂ'kM 1M)

S TATIRER 1. Further,

Therefore, M, = M is an equilibrium if

0 (Wk(M— 1,M)) ~ pm(M —1,M)
oM mi(M, M) mi(M, M)
AM" (p+1)* + M?(p+1)*(23p+ 31) + M®(p + 1)* (290° + 89p + 64)
—M7(p+ 1) (97p% + 244p + 143) — M (397p* + 20929 + 4005p> + 3326p + 1016)
—M? (624p* + 3715p" 4+ 7907p” + 7213p + 2397)
—M* (532p" + 3590p" + 8551p” + 8651p + 3166)
—M? (258p" +1966p” + 5321p° + 6128p + 2551)
—M? (68p" + 562p° + 1785 + 2484p + 1246)
—M (8p" +62p® + 260p° + 523p + 340) — 2 (3p® + 25p + 20)
2(M?+3M+2) (Mp+ M +1)
X (M?*(p+1)+2M(p+2) + p+4)
x (MP(p+1)+M*(3p+4)+ M(3p+4) + p)
X (MP(p+1)%+M?*(p° +3p+2) +M(p+1)—p)
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Tl'k(M—l,M)
WZ(M,M)

< 1; that is,

Therefore, as M — +o00

, aiM (%) > 0. Together with the fact that lim;_,;
M—1,M)

1, we know that there exits M; > 0 such that when M > M;, ”’jr(_(M 0
there exists an equilibrium in which all insiders use the shared information.
Finally, we show that while M; = M can be an equilibrium, it is always dominated by
M; = 0 in terms of the insiders’ profits. That is, the insiders would have been better off
if they committed not to receiving the shared information.

m(0,M) (M?+3M +2) (p+ 2)*

(M, M) (M(p+2)+2p+2)(M2(p+1)+2M(p+2)+p+4)
y VoMP(p+ 1)+ MQ2p+3)+p+1)+M(Mp+ M+ p+2)?

VM(p+2)2+p(p+1)

We know that
0 ’/Ti(o, M)

o 2
R

—M"(p+1)*(4p° + 15p + 14)

—M°® (22p" + 119p° + 242p° + 217p + 72)

—M? (33p" + 165p° + 314p° + 268p + 86)

+M* (37p" + 185p° + 368p° + 336p + 116)

+M? (181p" + 805p° + 1372p* + 1060p + 312)
+M? (237p" + 949p° + 1380 + 844p + 176)
+2Mp (709 + 247p% + 293p + 116) + 32p(p + 1)°
2AM(p+2)+2(p+ 1) (M*(p+1) +2M(p+2) + p+4)°
xVp(M2(p+1)+MQ2p+3)+p+1)+ M(Mp+ M+ p+2)2
x (M(p+2)*+ plp+ 1))

7;(0,M)
(M, M)

So, there exists a constant M, > 0 such that when M > Mg, %

TI'Z(O,M) _
as M — +o0, (LA 1. When M = 2,

< 0. Further,

m(0,2) _ 6(p+ 2)24/27p% + 59p + 32 .

m(2,2)  (2p+3)(9p +16)4/3p2 +9p + 8

where the inequality holds because

2 2
(G(p +2)20/270% + 59p + 32) — ((2p +3)(9p + 16)/3p% 1 9p + 8) — 23328)°
12880367 +1531575,0+4575726p°+ 838995954 19652176+ 67888640 +2660352p-+442368 > 0.,

Therefore, when M > Mo, % > 1; that is, the insiders would be better off if
all of them committed not to receiving the shared information. Overall, when M >

max{]\Zfl, Mg}, part (ii) of the proposition holds. QED.
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Proof of Proposition 6

Denote the right-hand-side of equations (19) and (20) as fnys(p) and fs(p), respectively.
It is easy to see that fyq(p) <0 and fi(p) < 0. Therefore, as ¢/o, increases, investor L
acquires less information in both cases with and without information sharing; that is, both
p* and p° decrease in c/co,. Further, setting fns(p) = fs(p) yields p = p ~ 1.1307 and
we know that fns(p) = fs(p) = ¢ =~ 0.0520. Therefore, the function fs(p) — fns(p) =0
has a unique root at p = p.

Since lim, o fs(p) — fns(p) = 7/72 > 0, if ¢/a, > ¢ so that both p° and p* are small, we
know that p* > p°. Similarly, since lim, ,, fs(p) — fns(p) = 0, when ¢/o, < &, both p°
and p* are large and we know that p* < p. QED.

Equilibrium Characterization in Section 4.4

In this extended economy, after L shares her information, H’s information set is Fg =

{0,8y,qu}, L’s information set is F; = {y,51,2.}, and that of market makers is
{@, Znr, Gar b We focus on a linear pricing rule for market makers p = A0+ Ag 2y +Ardm
and linear trading strategies for the two investors: Ty = a0 + aygsSy + argy and

Tp = Byy+ BuzZL + Brsr.
For investor H, the conditional trading profits are
E (5~ o), 3, dn) = 811 (7 = Ao(@rr + BB\ Fu) + B B2\ Fur] + By Bl51| Fi)
—Au By | Fu] - ALE[§M|]:H]>7
where

p(Te + Xu)V + ToXHqH
ot + xu) + ToXH
U e pTr0 + (p + T0)XH{H

E\sp|v, 8y, qu| = E\qu|v, SH, qg| = ,
(510, 3w, qu] [Gar|0, S, @] Py -

Maximizing the profits yields investor H’s optimal trading strategy: Ty = a,0+agsSy +
OéL(jH with

1 (xa o (=AL) = pBLAw + p — pAuBy) + pxa (1 — Auwfy)

= 2\ (12 (xm + p) + pxm) ’ (A13)
oy = _)\H ;‘)\5H>‘w’ (A14)
o, = X (AL (o +p) + A (BL (TL+/))+TL5y))' (A15)

2\ (10 (XH + Pp) + pXH)
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Similarly, investor L’s conditional trading profits are

E T (0 — )|y, 3L, 2] = T (EW]:L] — Mo (Z1 + auE[0|F] + ag E[5p| FL] + ap ElGu| FL])

~AnEEwlFL] = A Elgu | ).

where

p(Te + kL)Y + TukLZL

(L+p) (e + kL) + Takr’
~ |~ o~ o~ [ pTH2]+/<cL(1—|—,O+TH)2L

El\zZyly, 50,20 = Elsyly, S, 21| = ,
[M|y L L] [H|y L L] (1+p)(TH+KL)+THKL

Elquly, 5L, 21] = 51

ED|y, 5., 21] =

Maximizing the profits yields investor L’s optimal trading strategy: = = 8,7 + BuZr +
ﬁ L§ L with

P (TH ()\H + OJH)\w + Oév)\w — 1) + KL (OZU)\U, — 1))

—— Al6
& 22X (kL (T +p+ 1) + (p+ 1)7H) 7 (A16)
By = kA (e +p+ 1) + 7 (A — 1) +apde (Tn +p+ 1)) (A17)
e 2\ (ki (Tg +p+ 1)+ (p+ 1)7) ’
)\L+C¥L)\w
_ Al
g =t (A1)

Based on equations (A13)- (A18), we can solve for the two investors’ optimal trading
strategies as functions of A\, Ay, and A\p:

The pricing rule for market makers is p = E[0|@, 2y, Gu| = Ao@ + AgZar + ALGar, where
Aw, A, and Ay are computed accordingly.

Based on the above derivation, we are able to solve for the equilibrium at the trad-
ing stage as functions of 7,: a,(71), ar (1), By(71), Br(7r), Au(7r) and Ar(7). We then
submit them into L’s profit function and compute unconditional trading profits mp (1) =
E|E [Z1(0 — p)|g, 5.] |- Finally, investor L’s is willing to share her information if 7/, (c0) >
7TL<O).
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