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ciently informationally efficient. Additionally, we provide a necessary and sufficient condition
on the monotonicity of traders’ welfare over network connectedness. We also show that the
implications in the baseline model also hold for some extensions.

1. Introduction

The emergence of novel social media platforms and technological innovations has markedly facilitated the dissemination of
information, rendering it more accessible, expedient, and efficacious. The exchange of information among participants in the market
through social networks exerts a pivotal influence on the outcomes of market equilibrium. Communicated information among
investors impacts their beliefs regarding asset fundamentals, which decisively shape investors’ optimal asset demand. This in turn
impacts equilibrium prices which emerge as an endogenous consequence of the equilibrium-seeking mechanism that aligns aggregate
demand with supply. The aim of this paper is to analyze the impact of network connectedness of communication networks on the
incentives for information acquisition and traders’ welfare, and the equilibrium statistics including market efficiency, liquidity and
trading volume.

We consider a single-period model and there is one risky asset and one riskless asset in the market. There is also noise trade in
the market to prevent prices from being fully revealing. Each trader initially has one private signal related to the asset payoff with
a signal-dependent cost, and can also share information with other traders in their network. Traders’ preferences are represented
by negative exponential utility functions, and traders make optimal demands based on their individual private information, the
information received from their neighbors and the publicly observable price information. The equilibrium price of the risky asset is
endogenously determined by market-clearing conditions.

We first show that there exists a unique symmetric linear endogenous equilibrium. Then, we show that traders’ incentive for
information acquisition is reduced as the network connectedness increases. The intuition is that when traders realize that they can
receive more information from other traders, they have a temptation to free ride on the signals from other traders and reduce their
information acquisition in the first place to save cost. Moreover, we show that the information of all traders or the total information
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in the market increases with network connectedness although each trader’s incentive for information acquisition is lower. This is
the first main contribution of the paper.

Additionally, we show that, in the endogenous equilibrium, increasing network connectedness improves market efficiency,
increases trading volume, and enhances liquidity if and only if the market is sufficiently informationally efficient.

The second main contribution of the paper is that we provide necessary and sufficient conditions on the monotonicity of traders’
welfare over network connectedness. Specifically, we show that a sign-keeping transformation of the derivative of the certainty
equivalent is strictly decreasing in network connectedness. Finally, we consider three extensions of more general cost functions, an
available public information in the market, and imperfect information sharing among traders, and show that the implications of
network connectedness in the baseline model also hold for the three extensions.

Literature Review. Our work contributes to the recent literature on the implications of information networks on market
equilibrium outcomes (Colla and Antonio (2010), Enward et al. (2019), Han and Yang (2013), Ozsoylev and Walden (2011), Walden
(2019)). Our work is mostly related to the work of Han and Yang (2013). However, while our model shares the similar idea with
these work that traders are socially connected with each other via an information network, our model diverges from their framework
in a crucial aspect: while their model encompasses both informed and uninformed traders, our economy solely comprises informed
traders.’ This distinction gives rise to contrasting market implications regarding network connectedness. Han and Yang (2013)
demonstrate that, in the presence of both informed and uninformed traders, network connectedness leads to a decrease in the total
information available in the market. Consequently, increasing network connectedness adversely affects market efficiency, decreases
trading volume, and enhances liquidity under the condition of sufficient informational inefficiency. Conversely, our findings paint
a different picture. By focusing exclusively on informed traders, our model captures a distinct dynamic. The absence of uninformed
traders naturally closes the free-riding channel associated with their signals. As a result, the overall crowding-out effect, as observed
in Han and Yang (2013), weakens in our economy. This, in turn, leads to an intriguing outcome—the total information in our
market actually increases with network connectedness. The disparity in overall market information immediately translates into
divergent implications for market efficiency, trading volume, and liquidity since these market quality indexes depend on network
connectedness and endogenous signal precision only in terms of their product, i.e., the total information in the market.?

In the case of endogenous information, Han and Yang (2013) initially consider a scenario where traders can either acquire an
individual signal of fixed precision by incurring a constant cost or choose not to acquire any signal at all, without incurring any
cost. Additionally, they explore an expanded setting in Subsection 5.2, where they introduce a signal-dependent cost function that
closely resembles our own model’s framework. While Han and Yang (2013) characterize the endogenous equilibrium by determining
a fraction of informed traders where both informed and uninformed traders exhibit identical ex-ante welfare, as well as an optimal
signal precision where traders have no incentive to deviate given the strategies of other traders, our economy solely revolves around
determining the optimal signal precision. Despite the similarity in the modeling of information sharing, it is important to note that
our economy is not a special case of Han and Yang (2013). Firstly, as the noises embedded in the shared signals decrease,’ the
endogenous fraction of informed traders in Han and Yang (2013) tends towards zero.’ In contrast, in our economy, this fraction
remains fixed at one, signifying a fundamental distinction in considering only informed traders. Secondly, in Han and Yang (2013),
the extended model outlined in Subsection 5.2, the endogenous optimal signal precision is demonstrated to be independent of
network connectedness. However, in our research, we find that the endogenous optimal signal precision is indeed influenced by
network connectedness, illustrating a nuanced departure from their findings.

Our work is also closely related to the theoretical work of Colla and Antonio (2010), Ozsoylev and Walden (2011), Walden (2019)
and the experimental work of Enward et al. (2019) that investigate the impact of information networks on market equilibrium
outcomes.> Our model can be viewed as a special case of the economy of Ozsoylev and Walden (2011) with identical network
connectedness across all traders, which considers a large economy in which traders share information via a sparse network structure
with power law degree distributions. Colla and Antonio (2010) consider a dynamic finite-agent model where traders are locally
informationally connected via a cyclical information network. Walden (2019) considers a dynamic large economy where information
diffuses through a general information network. While these works study only the case of exogenous information, our focus is on
the case of endogenous information. Enward et al. (2019) study the implications of social communication for traders’ behavior as

1 The exclusion of uninformed traders in our model is supported by two justifications. Firstly, the proliferation of social media has significantly enhanced
the accessibility and speed at which agents can obtain information, thereby reducing search costs. Consequently, traders in contemporary developed markets are
more likely to possess information, bolstering the rationale for our setting. Secondly, in financial markets, investors who lack essential information regarding
asset payoffs face substantial challenges in sustaining their presence over extended periods. In fact, the economies without uninformed traders have been widely
studied in the literature, for example, Colla and Antonio (2010), Han et al. (2016) and Walden (2019).

2 Owing to the mathematical complexity of the expressions of trading volume and welfare in the economy of Han and Yang (2013), the authors analyze
the effects of network connectedness on trading volume and welfare with the help of numerical examples. Here, we provide a theoretical analysis of a different
model.

3 Different from Han and Yang (2013) in which each (informed or uninformed) trader receives a noisy version of the signals of all informed traders, here
traders are assumed to receive perfect signals from their neighbors without noises for simplicity. In Section 4.3, we will relax this assumption to more general
cases of imperfect signal sharing and find that the main implications still hold.

4 See Proposition 3 in Han and Yang (2013). The endogenous fraction of informed traders therein misses a term “—p,” and the correct one should be
ut = Q/(Np )N (pe=p)/ @ =D)=p,) )

/144G /1) =2 ) /@5 =D)=p,)(pe=p, )/ (N p, H(N=D)/ N)?

5 There is also extensive empirical research on the effects of social interactions on investment decisions by investors (Brown et al. (2008), Feng and Seasholes
(2004), Hong et al. (2004, 2005), Ivkovic and Weisbenner (2007), Ozsoylev and Walden (2014), Pool et al. (2015), Shiller and Pound (1989)); see Kuchler and
Stroebel (2021) for a recent review.
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well as market equilibrium statistics by designing an experiment. Different from the experimental method in Enward et al. (2019),
our results are derived theoretically.

The paper is organized as follows. In Section 2 we introduce the model while in Section 3 we present the main results. Section 4
considers some extensions. Finally, Section 5 concludes. All proofs are in Appendix A. Some detailed proofs in the extensions can
be found in the Online Supplemental Material.

2. The model

We consider a large noisy rational expectations economy where traders can share information with each other via an information
network. It is a single-period model, and there are two assets in the market: one risky asset that pays v ~ N(0,1/p,), p, > 0, at
the end of the trading period and one risk-free asset that pays zero interest with a perfectly elastic supply. The traders’ utility from
wealth w is

U(w) = —exp{-yw},

where y > 0 is the absolute risk aversion coefficient of the traders. Consequently, the utility that trader i derives from the amount
d; invested in the risky asset is

UW(d) = —expl—rd;(v - p)).

where W (d;) = d;(v— p) represents the terminal wealth of trader i, and p is the price of the risky asset that is publicly observable by
all traders. To prevent the price from being fully revealing, noise traders also exist in the economy besides rational traders, where
per-capita noise trade (supply) is denoted as x ~ N(0,1/p,), p, > 0, x is independent of other random variables in the economy.

The large economy consists of G € N unconnected groups, denoted as S, S,, ..., S;, and each group contains N traders. The
total number of traders in the large economy is correspondingly given by GN. We use the notation i, g to denote the ith trader in
gth group S,. Each trader can receive a private signal by paying a cost that depends on signal precision. Let s;, = v+¢;, denote the
private signal of trader i, g, where ¢; , ~ N(0,1/p,), p. > 0, and the noise {¢; ,}; , are mutually independent and also independent of
other random variables. The cost function c(-) of information acquisition is assumed to be twice continuously differentiable, strictly
increasing, strictly convex, and satisfies the condition ¢/(0) = 0 (Han et al. (2016), Verrecchia (1982)).

A key feature of the large economy is that traders can share information with other traders in their group.® We assume that each
trader i, g can observe (k — 1) signals of other traders perfectly in his/her group S, via a k-cyclical graph besides his/her own signal
s;¢> where 1 < k < N is a positive integer. Let K; , denote the neighbor set of trader i, g (i € K; ), where jth trader in group S, is
one neighbor of trader i, g if and only if trader i, g can observe the signal of trader j, g. Consequently, the information set of trader
i, g after information sharing with his/her neighbors is given by

Fi,g = {S/-A’g,j € n,‘,g»p}-

According to the assumption of k-cyclical graphs, |K; | = k forany i = 1,...,N and g = 1,...,G. Similar to the parameter N of
group size in Han and Yang (2013) and f of the average node degree in Ozsoylev and Walden (2011), we interpret k as “network
connectedness”. A higher network connectedness means that traders can share information with more traders.

Finally, we introduce the definition of noisy rational expectations equilibrium (NREE) with endogenous information, where we
use s; ,(p) to highlight that the precision of signal s,, is p, and d, ,(p) to denote the demand strategy of trader i, g, where p is the
precision of his/her private signal.

Definition 1. An NREE with endogenous information is a collection (( p:’i, df, (pi’i)) 1 ,p) of optimal signal precision,
» * ié i=1,...,N;g=1,...,00
optimal demand strategies and a price such that
)] (d;fg(p:i)zzl,.._,zv;g:1 _____ oo,p) constitutes an NREE with exogenous information {si’g(p:i)}i=l,“,,N;g=1 YYYY K i.e., for each i =
I,...,Nandg=1,...,00, d,.*g(p'eji) maximizes the conditional expected utility of trader i in group g,

d; (o) € arg max [U(Wi’g(d))‘s 7o) € Ky, p] ,
and the market clears, i.e.,
N I
dm, G 2 [F 2 dig“"e’i)] =

(i) p:’i maximizes the ex-ante welfare of trader i in group g given the precision of other agents and resulting optimal strategies,
ie.,

o5 € argmaxE [~exp { 7 [d7, (w0 = p) — c(o)] . N

6 In Section 4.2, we will consider a more general setting that there is an additional public signal available to all traders in the market and show that the
main implications still hold.
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In an NREE with endogenous information, each agent’s signal precision is optimal given the signal precision of other agents and
the resulting optimal strategies, and agents’ strategies constitutes an NREE with exogenous information given the precision of all
agents. Our economy shares the same market equilibrium as the economy of Ozsoylev and Walden (2011) with identical network
connectedness across all traders. However, our focus is on the endogenous information acquisition, while Ozsoylev and Walden
(2011) only consider the case of exogenous information.

3. Main results
As traders are equally risk averse and have the same cost function, we naturally consider a symmetric equilibrium: /’:i = Pes
for all i, g. The following proposition shows that there exists a unique symmetric linear NREE in the economy with endogenous

information.

Proposition 1. There exists a unique symmetric linear NREE with endogenous information in which the equilibrium price is given by’

P =a,0—a.x, 2)
where
_ potkpey
v Py + Py + kpe,k '

v+ kpe,kpxy_l
Q= —")

Pyt g+ kpe

(kpep)*
Pg= "> Px

4

and p, is the unique positive root to the following equation
2¢(p) (Yo, + VPkp + pk?p?) = 7. (3)
For notational convenience, we denote
z = kpe g

which represents the total signal precision of any trader (including his/her own information and that obtained from his/her
neighbors) and can also be taken as a measure of total information in the market or in the price® because the network structure for
information sharing is symmetric.

Proposition 2. Increasing network connectedness reduces each trader’s information acquisition, i.e., dp, ,/0k < 0 and increases the total
information in the market, i.e., 0z, /dk > 0.

The first result in Proposition 2 can be intuitively understood as follows: When traders become aware that they can receive
additional information from their peers, they may be tempted to rely on the signals provided by others and reduce their own
information acquisition to save costs. This intuition aligns with the findings of Han and Yang (2013) and Enward et al. (2019).
However, it remains unclear whether the total information in the market increases despite each trader acquiring signals of lower
precision. The second result in Proposition 2 sheds light on this uncertainty. It reveals that the reduction in information acquisition
is not significant enough to offset the increase in the total information available in the economy. This finding contradicts the results
presented in Han and Yang (2013). The primary reason for this opposition lies in the fact that while both informed and uninformed
traders can simultaneously free-ride on other traders’ signals in Han and Yang (2013), the absence of uninformed traders in our
model naturally eliminates the free-riding channel associated with their signals. As a result, the overall crowding-out effect weakens
in our economy, leading to an increase in the total information available with greater network connectedness.

To illustrate this further, in Han and Yang (2013), informed traders recognize that increasing network connectedness brings
about a greater number of both informed and uninformed traders who free-ride on their signals. However, uninformed traders do
not share any information in return. Consequently, the incentive for informed traders to acquire information weakens. In contrast,
our model lacks uninformed traders, and thus the private signals of informed traders are only subject to free-riding by other informed
traders. This also weakens the incentive to acquire information. However, due to the absence of free-riding by uninformed traders,
the weakening effect on the incentive to acquire information in our model is not as pronounced as in the presence of uninformed
traders. Therefore, although increasing network connectedness still reduces each trader’s information acquisition in our paper due
to the crowding-out effect, the total information available in the market is enhanced, presenting a noteworthy departure from the
findings of Han and Yang (2013).

Next, we analyze the impact of network connectedness on market equilibrium statistics and traders’ welfare. Following Han and
Yang (2013), we use 1/ Var[v|p] to measure the market efficiency and 1/a, to measure the liquidity. Market efficiency refers to

7 There is no intercept in price function p since we assume that all random variables have mean zero for notational convenience.

2

+ as shown later.

8 This can be seen from the relation 1/ Var[v|p] = p, + Z2p [P« z
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how well prices reflect all available information in the market. A liquid market means that a noise trading shock is absorbed by
the market without moving asset prices much. The trading volume is measured by E|d, ,|, and the (ex-ante) welfare is given by the
term in (1). We have the following proposition on the implications.

i,gl;

Proposition 3. For the unique symmetric linear NREE with endogenous information,

(i) increasing network connectedness improves market efficiency and trading volume, and this enhances the liquidity if and only if the
market is sufficiently informationally efficient in the sense that py + 2/pg/py > pp/7 + 1/pyxs
(ii) suppose that the cost function takes the form of c(p) = £p*, & > 0,° and denote

A(k) = 4er*kpl | + Qrkp, + 487007 = yp k® = 8er*p ol + 7B = 2000y 470y — 10y

where p, , is the unique positive root to Eq. (3). Thus, increasing network connectedness initially increases and eventually decreases
welfare if and only if A(1) > 0 and A(N) < 0, increases welfare if and only if A(N) > 0, and decreases welfare if and only if
A1) <0.1°

The results in part (i) contrast with the finding of Han and Yang (2013) that in the endogenous NREE, increasing network
connectedness harms market efficiency, decreases trading volume, and improves liquidity if and only if the market is sufficiently
informationally inefficient. In addition, Han and Yang (2013) show that, for the extended model in Subsection 5.2, the optimal
endogenous information precision is independent of network connectedness and the total information in the market (measured by
pp in terms of our notation) decreases with network connectedness. The difference between the results in Han and Yang (2013) and
ours is a consequence of (i) the decreasing total information in Han and Yang (2013) and the increasing total information in our
model as shown by Proposition 2, and (ii) the equilibrium price and traders’ demand strategies and, consequently, market efficiency,
liquidity and trading volume depend on network connectedness k and the endogenous information signal p, ; only in terms of their
product kp, .

Part (ii) presents a necessary and sufficient condition on the monotonicity of traders’ welfare over network connectedness. The
absence of uninformed traders in the market allows us to have a tractable analysis for traders’ welfare.!* Part (ii) tells us that
there are only three patterns of the monotonicity of welfare. In fact, each of the three patterns probably happens. For example,
by some simple calculations we see that when ¢ is very small, we have A(1) > 0 and A(N) < 0, and when ¢ is very large, we
have A(N) > 0 if p, > y%/p, and A(1) < 0 if p, < y?/p,. To help understand the intuition behind the welfare result, let us see
the expression (A.1) in the Appendix for welfare. We can see that there are two components e2r€(e) Var [uls ied € Kigs pk] and
Var(v — p,) that determine the welfare. As network connectedness k increases, traders become better informed about the asset
payoff, and thus the conditional variance Var[v|s e d €Kigs pi| decreases and the endogenous price gets closer to the asset payoff,
i.e., Var(v — p,) decreases. Moreover, from Proposition 2, we know that e2rek) jg decreasing in k. Hence, the two components
e%¢el) Var [uls jeod € Kigs pk] and Var(v — p;) are both decreasing in k. The direction of traders’ welfare with respect to network
connectedness depends on which one of the two components is the dominant one.

4. Extensions
In this section, we consider three extensions to illustrate the robustness of our results in the baseline model.
4.1. General cost functions of information acquisition

In the baseline model, we analyze the welfare effects of network connectedness using quadratic cost functions. Here, we provide
some numerical examples to illustrate the robustness of the welfare effects by considering more general cost functions c(p) = £p?,
£ >2.

The parameter settings are given as follows: The risk aversion coefficient y = 2 (Han and Yang (2013)). We set p, = p, = 5,
¢ = 0.1 in Panel (a) of Figs. 1-4; set p, = 40, p, =5, & = 10 in Panel (b) of Figs. 1-4; and set p, = 3, p, = 1, £ = 10 in Panel (c) of
Figs. 1-4. In addition, the parameter # in the cost function c(p) = £p is, respectively, taken as 2, 3, 5, and 8 in the four figures.

The effects of network connectedness on traders’ welfare are displayed in Figs. 1-4. Panel (a) of Figs. 1-4 show that traders’
welfare initially increases and eventually decreases with network connectedness, Panel (b) of Figs. 1-4 show that traders’ welfare
strictly increases with network connectedness, and Panel (c) of Figs. 1-4 show that traders’ welfare strictly decreases with network
connectedness.

For the quadratic cost function ¢(p) = £p?, we can numerically calculate that A(1) > 0 and A(N) < 0 under the given parameter
values p, = p, =5 and ¢ = 0.1, that A(N) > 0 under the values p, =40, p, =5 and ¢ = 10, and that A(1) < 0 under the values p, = 3,

9 In Section 4.1, we provide some numerical examples to illustrate that the welfare effects of network connectedness do not highly depend on the form of
quadratic cost functions.

10 When analyzing the welfare effects, the parameter of network connectedness k is treated as a continuous variable taking values in [1, N] to facilitate the
analysis.

11 Due to the complexity of the expressions for welfare and trading volume in Han and Yang (2013), the authors analyze the implications with the help of
numerical examples.
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Fig. 2. Welfare effects of network connectedness for cost function c(p) = &p°.

p, =1 and & = 10. Then, we can see that the numerical result in Fig. 1 is consistent with the theoretical result in Proposition 3 (ii).
In addition, the numerical results in Figs. 2—4 for the cases of # = 3, # =5, and # = 8 display a similar pattern to that in Fig. 1 for
the case of # = 2; thus, the results in Proposition 3 (ii) do not highly depend on the form of the quadratic cost functions to some
extent. The intuition is that the endogenous signal precision for a higher # is lower, so that the endogenous cost for information
acquisition and the welfare are not very sensitive to the parameter 7.

4.2. Public information

This subsection considers an extended setting where each trader can also observe a public signal related to the asset payoff
besides his/her private signal. We denote the public information as

s=v+¢,

where ¢ ~ N(0,1/p¢), p; > 0, is independent of other random variables in the model. The extended model reduces to the baseline

model when p, = 0.

We still consider symmetric linear equilibrium and use a tilde to distinguish the variables here from that in the baseline model.
We can show, in line with Proposition 1, that there exists a unique symmetric linear NREE with endogenous information in which
the equilibrium price takes the same form as (2) with the replacement of kp, , with kj, , + p,

p=a,0—a.x, “)
where

_ Potkpeyto; )
Pv+ Do+ kpey+pr ’

@
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and j, , is the unique positive root to the following equation with variable 5

Prs @

2B [Ppy + 7P (kp+ ) + o (ki + 9] =7 ®)
Similar to z, defined in the baseline model, let
Zk = kﬁe,k + p{: (9)

denote the total information in the extended setting with a public signal. According to (8), we can see that increasing network
connectedness reduces each trader’s incentive for information acquisition, i.e, dj.,/0k < 0, and increasing the total information in
the market, i.e., 0, /0k > 0, which are consistent with the results in Proposition 2.

Also, in line with Proposition 3 (i), we can show that increasing network connectedness enhances market efficiency and trading
volume, and increases liquidity if and only if the market is sufficiently informationally efficient in sense that g, + 24/55/p, >
polY +1/py.

We then consider the influence of network connectedness on traders’ welfare, or equivalently, the certainty equivalent. The
certainty equivalent in the presence of public information is given by

PeZr + 272 + 770, + 1))

— 1 ~
CE(k) = o log — e(Bep)-

PeE + 722, + 72,
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and under the assumption c(p) = £p? in the baseline model, we have

ACE(k)
ok

o 48y0p 2 = BEY PPl +AEY EPL | + 21 P EkBek + 31 ek — 2 B — Yo Ee + 1 — V00

=: A(k).

Furthermore, we can show that A(k) is strictly decreasing in k, i.e., dA(k)/dk < 0 for any k € [1, N]. Please refer to the Online
Supplemental Material for more details on the proofs of the above conclusions. Thus, similar to Proposition 3 (ii), we also have
the following necessary and sufficient condition in the presence of public information: Increasing network connectedness initially
increases and eventually decreases welfare if and only if A(1) > 0 and A(N) < 0, increases welfare if and only if A(N) > 0, and
decreases welfare if and only if A(1) <0.

4.3. Imperfect signal sharing

Instead of perfect information sharing, similar to Han and Yang (2013) here we assume that each trader can only receive a noisy
version of his/her neighbors’ signals. The signal of trader i in group g observed by his/her neighbors is denoted by

Yig = Sig + Nig>
where #; , ~ N(0,1/p,), p, > 0, is the noise contained in the shared signals and # is independent of all other random variables in the
economy. We have y; , ~ N(0,1/p,,), where p,, = (1/pes+1/ pn)_l > 0. The generalized model is the same as the baseline model
except that the information sharing among traders is imperfect. We still consider symmetric linear equilibrium, and to distinguish
from the notations in the baseline model, here we use a hat to denote the variables.

Similar to Proposition 1, we can show that there exists a unique symmetric linear NREE with endogenous information in which
the equilibrium price takes the same form as (2) with the replacement of kp, , with j, + (k — 1)p,,,

p=a,v—acx, 10
where
Do+ Pes+(k—1p
&, = 0 - e,kA y.k . amn
Pyt Pyt P+ (k—Dpy
+ Pep + = Dpy oy
6 = Y i,k - v,k Y i (12)
Pyt P+ Pes+ (k—1Dpy
(Pese + (k= Dpy )
Po = %Pw (13)
14
and j,, is the unique positive root to the following equation with variable 5
2 B) [P, + 7+ k= D1 /p+ 1/p)™ )+ p(p+ (k= D(A/p+1/p,)" ] = 7. (14)
Let
5 o A k—1
Zp = pe,k + (k - l)py,k = pe,k (15)

+ —

(ﬁe,k)_l + p;l
denote the total information in the market. Thus, it follows from (14) that increasing network connectedness reduces each trader’s
incentive for information acquisition, i.e., dp.,/dk < 0, and increases the total information in the market, i.e., 02, /0k > 0, which
are in line with the results in Proposition 2 in the baseline model.

Similar to Proposition 3 (i) in the baseline model, we can also show that increasing network connectedness improves market
efficiency and trading volume, and enhances the liquidity if and only if the market is sufficiently informationally efficient in sense
that pg +2v/pg/px > Pu/y + 1/py.

We then analyze the welfare (equivalently, the certainty equivalent) effects of network connectedness. We have the following
form of certainty equivalent

Pl + 2772+ 12, + 74!

~ 1 R
CE() = 5 log —c(peg)-

P22+ 722, + 72,
Under the assumption c(p) = &p? in the baseline model, we further have

dCE(k) - a. . . ) . . _
= o 128y 5 BT+ BEY D BT ALY P B+ 20D Eibes Pk — voxEr — 275 — 0L + 10,

=: Ak).

We can show that A(k) is strictly decreasing in k, i.e., dA(k)/ok < O for any k € [1, N]. Please refer to the Online Supplemental
Material for more details on the proofs of the above conclusions. Thus, similar to Proposition 3 (ii), we have the following necessary
and sufficient condition in the case of imperfect information sharing: Increasing network connectedness initially increases and
eventually decreases welfare if and only if A(1) > 0 and A(N) < 0, increases welfare if and only if A(N) > 0, and decreases
welfare if and only if A <o0.
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5. Conclusions

We analyze the impact of network connectedness on market equilibrium outcomes in term of market efficiency, liquidity, trading
volume and welfare for a large rational expectations perfectly competitive market in which traders share information with each
other via a cyclical graph. We find that the implications of information network on market quality with endogenous information
are opposite to that in Han and Yang (2013). More specifically, we show that increasing network connectedness increases the
total information in the market and trading volume, improves market efficiency, and increases liquidity if and only if the market
is sufficiently informationally efficient. We also provide a necessary and sufficient condition on the monotonicity of welfare over
network connectedness. Additionally, we consider three extensions of general information acquisition cost functions, an available
public information and imperfect information sharing among traders to illustrate the robustness of the implications in the baseline
model. An interesting future work is to investigate the effects of network connectedness on market equilibrium outcomes for
imperfectly competitive markets, for example, the economy in Kyle (1989).
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Appendix A

In this appendix, we provide the proofs for all the propositions.
Proof of Proposition 1

First, for the exogenous information {s; ,(pcx)}i=1... Nig=1,...c0» fOllowing the standard procedures in Hellwig (1980), we can show

that there exists a unique symmetric linear NREE, and the equilibrium price p has the form stated in the proposition.
We now show condition (ii) in Definition 1. We have

2y .
e2r¢(p) Var [U‘Sj,g,j € IC,-’g,p]
Var(v — p)

E[-exo {1 [d;,(00-p -] }] =- A1)

_ 1 e2re(p) (A.2)
Var(v —p) p, +pg+(k—Dps +p’ '

where (A.1) follows from (A.7) in Lou and Wang (2021), and (A.2) from (2) and the projection theorem for normal random variables.

. . . 2yc(p) . . ..
From (1) and (A.2), it suffices to show that there exists p,;, > 0 such that % achieves its minimum value at p = p, ;.
” v TP - €.k ’
We have
9 [ e2re(p) ]
potpgtk=Dpejto] e*P H(p)

ap (Pt g+ (k= Dp g+ )
where H(p) = 2yc’(p)(p, + pg + (k — 1)p.; + p) — 1, and then

22 [ e2rc(p) ] 9 [ &2r¢(0) H(p) ]
Pu+pg+(k=Dpe +p (pp+po+k—1)pe +p)?

dp? dp
_ [2rc” (p)e? e + 4y%(c! (p))*e*<(P)] _ 2yc (p)e?re®)
pu+pg+(k=Dpeg+p (po+ po + (k= Dp .+ p)?
27¢/( p)eZ}'C(p) 2027r¢(p)

(py+pg + (k= Dpey+ P (py+pg + (k= Dp, y + p)?
 (p, + pg + (k = Dpey + p)* [27¢" (0) + 4r**(0)] — dvc (0)p, + pg + (k = Dpey + p) +2
2
=2yc"(p)(p, + pg + (k= Dpy + p)* + [2r (0)(p, + pg + (k = Dpei +p) — 1] + 1
> 0,

where the inequality follows from the fact that ¢”(-) > 0 for a twice continuously differentiable convex function c(-). Thus,
2re(p) . . . . . 2r¢(p)

— <™ s a convex function of p. Moreover, it tends to co as p — oo; hence, the value at which function S A

Potpg+(k—=1)pe +p putpo+(k—Dpe k+p

achieves its minimum exists and is unique. Consequently, it suffices to show that there exists p, ;, > 0 such that

9 [ e2re(p) ]
putpo+(k—Dpe k+p

=0,
ap

P=Pe k

i.e., H(p. ;) =0, or, equivalently, (3) holds with p = p_,.
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From the condition ¢’(0) = 0 and twice-continuous differentiability of c(-), we see that the left-hand side of (3) is continuous in
p, with limit zero as p — 0, and infinity as p — co. Hence, there exists some p, , > 0 such that (3) holds by applying the intermediate
value theorem. Furthermore, because the function ¢/(-) is non-decreasing (from the convexity of c(-)), it follows from the strict
increasingness of c(-) that ¢’(p) > 0 for any p > 0. Hence, the positive solution to (3) and then the symmetric linear equilibrium is
unique. This completes the proof. []

Proof of Proposition 2
This follows directly from Eq. (3). [
Proof of Proposition 3

Recall that we have shown in Proposition 2 that z, = kp,, increases with k. We first show part (i). From (2), we see that

e +Zipx
Varfolp] P00 T T

which increases with k. The liquidity is given by

1 Zk (Pu+/’a+zk)

ay ¥ (po + 2)

Elementary computation shows that d(1/a,)/0k > 0 if and only if py + 2+/py/p, > p,/v + 1/p,. The trading volume is expressed as
follows:

2 *
Eld} | =/ = Var(d;)

_ E[v - plF; ]
v Var[v|F; ]
V2/7m
=Y Nar(v- p) - Var[v|F,
Pave T y/Varw = p) = Var[o|F ]
2z (py+po +2) \/yzpu +(?+zp 0y 1
rHp, + P + 2 Po+ Py + 2

4
\V2/m
=Y + 92 —1’ A.3
et o (A3)

where the first equality follows from the formula that E|y| = /262/xz if y ~ N(0,0?), the second one from the optimal demand

E[0|F; 1~ . .
%, the third one from the law of total variance, and the fourth one from (2). Hence, it follows from (A.3)
ig

that trading volume increases with k.
We now show part (ii). For simplicity, we consider the certainty equivalent instead of the welfare. We have

strategy dl.*g =

1 1
Pot+pg+kpey (1—a)p;! +a2p7!

E [U d; ,(w=p) = C(pe,k))] = —e”“’fv“\/

41 4 .2
= —er0en) |1 - Vox FITE , (A.4)
PeZs + 2722, + 720, + 405!

where the first equality follows from (2) and (A.2), and (A.4) follows from the expressions of «, and a, given in Proposition 1. Then,
from (A.4), the certainty equivalent equals

CE(k) := —% log [E (exp {—Vd;fg(v - IJ)})] —c(Pe )

1 [ﬂxi +27%z; + 720, + 707!
= —log

pze + 722 + 7120,

:| —c(pey)- (A.5)

We complete the proof by showing that 0CE(k)/dk < A, given in the proposition, and A, strictly decreases with k. From (3)
and (A.5), we have

1 _ 1 14
CE(k) = [5 log (pyz + 217z, + 77, + y“pxl)] |3 o <m> + c<pe$k)]
€,

=: F,(k) — Fy(k).

Then,

ICE(k) _ OFy(k) 9z, 9Fy(k) 0pcx
ok 0z, ok  dp.x Ok

10
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1 2p,2¢ + 272 9z " (pe)

2yc’ (pex)

Pe.k

= — - +c(p k)]
21 pozi + 2%z +v2p, +vip;t Ok ©

1 2p,2; +2r* 0pe " (pes) e s
=3 2 - Pes+h—= s+ ()| (A.6)
2¥ pezi +2r%z 4+ 720, + 743! ok 2yc’(pe )

Taking the derivative of both sides of (3) with the identity p = p,, with respect to k leads to

2o (pe, k) K 212 (peg)pes + 217k [ kpl,
2 OPek
+2p.k [c (/’ek)l’g ot 2¢ (pe, k)Pek] ok =0,
from which and the assumption c(p) = &p%, we have
2.2 3
e _ VP, 20xkp] ), e
ok P20, + 2%kp g + 30 K20%
Substituting (A.7) into (A.6) and noting c(p) = £p® again, we obtain
ACEK) _ _
——— o« 4&rtkp]  + Qrpck+ 480 —yp P =88 )0l + 7B = 2k)p i + 770, — 10!
=: A(k).
Next, we show that 0A(k)/dk < O for any k € [1, N]. First, we have
0A(k) 0pc
o = (1267 k2 + 4rpkpe s + 88107 e = 20 py = 1687 by + 1B = 20|
+4gtp? + 2mp€,k - 2yﬂxkpg,k =27 pes
Substituting the expression of dp, , /dk in (A.7) into the preceding equation leads to
2.2 3
IAK) _ YoPL, 205k,
‘ S 1267 K02 + Ak + 88107 e = 210uK0y = 1687 pupes + 173 = 260]
ok y2p,+ 217k + 3pcK2p7
48740+ 200l = 200kl =21 P
1 _
=-= 5 — [12éy"kp;‘,k +248r*p K2 pY |+ 4 p okl + 8y okt pl + 82 0 ol + 1681 0kp!,
Y2py +2v%kpe . +3pk P
=270 K2l = 4y oo} — 1680007, = 3287% prpokply + 3707 = 27 kel + 677 p kil — 4y3pxk2p§,k]
+4Er*pY 21 ppl g = 21 0xkpl = 27 P
=1 Bk,
Y2py +27%kpe i+ 3p k707,
where
B(k) = 1281k}, + 248y p, 207, + 477 pokpl  + 8y ool +88r8p ol + 168y 0kpt =21 p P 0], — Ay 03I pl
—168y%p,03 , = 328r* pipokpl + 37702 =277 kp, + 677 pokpl =47 0 k70l — 480,07, - 2y3pprp§ .
+27° 0 pokpl 207 popes — 8EYOkpL, — 4 pikpl  + 4 p 0] + 4 k] — 1287%p K2 pY | — 6y LK P}
+ 6y 2k gl + 677 p kY
We can further simplify B(k) as follows:
B(k) = 1287 p, k2 pY | + 2087k} + 2y 03K ot + 270k 0} = 3287 pepuknly + 677 ikl + 477 0Kl = 2061%p, 7
+ Béygp"pﬁ  F 2k 43707 + 2? pxpupr (k= 1) +27°pype - (A.8)
Then, from (3), we have
—4EP pppes = 4Er7kpl +4Ep KDY — .
As a result,
=328y  pupiknt, = 8Y7 pikp) ((—4EV7 pupe )
=8 k) (417 kp? , +4Ep K20, — 1)
= 321" p k2 0] + 32670700 = 81 pikpl (A9)

11
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and
—20&7%p,p7 . = 57* P2 (<AEY pupes)
= 57402 (4r2kpl , +4p kP07 — 1)
= 20§y6kp‘:’k + 20§y4pxk2pz,k — Syspz’k. (A.10)
Substituting (A.9) and (A.10) into (A.8), we have
B(k) = 32877 p3 I p2 | + 648y p, k2 pY | + 4087kl + 2000k ply + 2y 0K 0Y + 41 iKY = 27 pikl  + 88y 0 oD
+27°kpl =27 02+ 27 PPl (k= D) + 277 pype
=3287° 00K 9 + 648y  p K2 0] + 4081kl + 21 02K 0Y  + 2000 B + 20 0 K 0) 4 27 kil (K= 1)
+88r°p 1 02 + 27 kp? (k= 1)+ 277 pippl (k= 1) + 27 pupe
> 0.

This competes the proof. []
Appendix B. Supplementary material
Supplementary material related to this article can be found online at https://doi.org/10.1016/j.najef.2023.102015.

References

Brown, J. R., Ivkovic, Z., Smith, P. A., & Weisbenner, S. (2008). Neighbors matter: Causal community effects and stock market participation. The Journal of
Finance, 63(3), 1509-1531.

Colla, P., & Antonio, M. (2010). Information linkages and correlated trading. The Review of Financial Studies, 23(1), 203-246.

Enward, H., Riyanto, Y. E., & Roy, N. (2019). Costly information acquisition, social networks, and asset prices: Experimental evidence. The Journal of Finance,
74(4), 1975-2010.

Feng, L., & Seasholes, M. S. (2004). Correlated trading and location. The Journal of Finance, 59(5), 2117-2144.

Han, B., Tang, Y., & Yang, L. (2016). Public information and uninformed trading: Implications for market liquidity and price efficiency. Journal of Economic
Theory, 163, 604-643.

Han, B., & Yang, L. (2013). Social networks, information acquisition, and asset prices. Management Science, 59(6), 1444-1457.

Hellwig, M. (1980). On the aggregation of information in competitive markets. Journal of Economic Theory, 22(3), 477-498.

Hong, H., Kubik, J., & Stein, J. (2004). Social interactions and stock-market participation. The Journal of Finance, 59(1), 137-163.

Hong, H., Kubik, J., & Stein, J. (2005). The neighbor’s portfolio: Word-of-mouth effects in the holdings and trades of money managers. The Journal of Finance,
60(6), 2801-2824.

Ivkovic, Z., & Weisbenner, S. (2007). Information diffusion effects in individual investors’ common stock purchases: Covet thy neighbors’ investment choices.
The Review of Financial Studies, 20(4), 1327-1357.

Kuchler, T., & Stroebel, J. (2021). Social finance. Annual Review of Financial Economics, 13, 37-55.

Kyle, A. S. (1989). Informed speculation with imperfect competition. Review of Economic Studies, 56(3), 317-356.

Lou, Y., & Wang, S. (2021). The equivalence of two rational expectations equilibrium economies with different approach to processing neighbors’ information.
Mathematical Social Sciences, 109, 93-105.

Ozsoylev, H. N., & Walden, J. (2011). Asset pricing in large information networks. Journal of Economic Theory, 146(6), 2252-2280.

Ozsoylev, H. N., & Walden, J. (2014). Investor networks in the stock market. The Review of Financial Studies, 27(5), 1323-1366.

Pool, V. K., Stoffman, N., & Yonker, S. E. (2015). The people in your neighborhood: Social interactions and mutual fund portfolios. The Journal of Finance, 70(6),
2679-2732.

Shiller, R. J., & Pound, J. (1989). Survey evidence on diffusion of investment among institutional investors. Journal of Economic Behaviour and Organization,
12(1), 47-66.

Verrecchia, R. E. (1982). Information acquisition in a noisy rational expectations economy. Econometrica, 50(6), 1415-1430.

Walden, J. (2019). Trading, profits, and volatility in a dynamic information network model. Review of Economic Studies, 86(5), 2248-2283.

12


https://doi.org/10.1016/j.najef.2023.102015
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb1
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb1
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb1
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb2
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb3
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb3
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb3
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb4
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb5
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb5
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb5
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb6
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb7
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb8
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb9
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb9
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb9
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb10
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb10
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb10
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb11
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb12
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb13
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb13
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb13
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb14
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb15
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb16
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb16
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb16
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb17
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb17
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb17
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb18
http://refhub.elsevier.com/S1062-9408(23)00138-9/sb19

	Information sharing in a perfectly competitive market
	Introduction
	The Model
	Main Results
	Extensions
	General Cost Functions of Information Acquisition
	Public Information
	Imperfect Signal Sharing

	Conclusions
	Declaration of competing interest
	Appendix A
	Proof of Proposition 1
	Proof of Proposition 2
	Proof of Proposition 3

	Appendix B. Supplementary material
	References


