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Abstract
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forms naive individual investors who act as price-takers. The aggressive trading behavior
of naive investors, driven by their failure to internalize price impact, compels institutional
investors to reduce their trading aggressiveness. Our findings reveal that the irrationality
of naive traders can, under certain conditions, erode the advantages typically associated

with information-driven trading strategies.

Keywords: Information advantage, price impact, institutional investor, trading profits

JEL Classification: D82; D85; G11; G14
*This work was supported in part by the National Natural Science Foundation of China 72192804 and

72201286. The author order is random. All authors are co-first authors of this paper.
fAcademy of Mathematics and Systems Science, Chinese Academy of Sciences
tFinance Department, Lingnan College, Sun Yat-sen University
$Academy of Mathematics and Systems Science, Chinese Academy of Sciences (Corresponding author, No.

55 Zhongguancun East Road, Beijing 100190, China, louyoucheng@amss.ac.cn)



Yang, Kang, and Lou: Can institutional investors always beat individual investors?

1 Introduction

The demand side of financial markets is typically divided between institutional investors, who
are distinguished by their ability to produce information, and individual investors, who are gen-
erally less informed. In classical perfectly competitive markets (Grossman and Stiglitz 1980),
investors with an information advantage (institutional investors) consistently achieve higher
expected trading profits than their less-informed counterparts (individual investors). However,
it is well-documented that large financial institutions possess significant market influence. At
the same time, with algorithms becoming an essential feature of institutional order executions,
the individual traders’ order flow might even have a larger average trade size than other flows
(Boehmer et al. 2021).! In light of these developments, this paper explores whether the institu-
tional investor who has an information advantage can still outperform less-informed individual
investors within an imperfectly competitive market.

We consider a financial market where a single risky asset is traded by a finite number of
investors, who differ in both their information advantages and their levels of rationality, along-
side noise traders. There are three types of investors. The first is an institutional investor, who
possesses complete information about the market. The remaining investors have access to only
one piece of asymmetric information but differ in how they use it. Among these, sophisticated
individual investors behave strategically and internalize the impact of their demands on the
asset price when making optimal demand schedules. In contrast, naive individual investors are
unaware of their price impact and consider themselves price-takers, assuming that their trades
do not influence market prices.? The interaction between the demand schedules of all investors,
along with the presence of noise trading, determines the endogenous equilibrium price, which
reflects the aggregation of all market information and noise.

We analyze the expected trading profits of different investors, focusing on the interplay be-

IPrevious studies always treat individual investors as small competitive traders (Kacperczyk et al. 2023)
and many researchers use trade size as a proxy for retail order flow (Campbell et al. 2009). However, with
algorithms becoming popular in the early 2000s, institutional investors start to split their trades. Hence, a
trade-size partition has become far less useful as a proxy for retail order flow. Furthermore, evidence suggests
that retail investors tend to have a meaningful impact on the returns of stocks with small market capitalization
(see Kumar and Lee 2006), and it is well known that the market for such stocks is imperfectly competitive.

2The institutional investor tends to be experienced and can calculate their price impact correctly. By contrast,
individual investors may not realize that their demands will impact asset prices, or even if they do, however,
they cannot calculate it correctly due to limitations, such as limited investment experiences and understanding
of the market environment.
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tween two key effects: the positive information effect, captured by information efficiency (Rahi
and Zigrand 2018; Lou and Rahi 2023), and the negative risk effect, characterized by market-
implied risk aversion—defined as the sum of price impact and conditional uncertainty about the
payoff. The institutional investor, with superior access to information, naturally benefits from
a stronger information effect. However, the magnitude of the risk effect varies depending on
the rationality of individual investors and market conditions, particularly the volume of noise
trading and the noise-to-signal ratio for information. Our analysis shows that while the insti-
tutional investor consistently outperforms sophisticated individual investors across all market
conditions, there are scenarios—specifically when noise-trading volume and the noise-to-signal
ratio are sufficiently large—where the institutional investor may underperform naive individual
investors.

When all individual investors are sophisticated, our analytical and numerical analysis re-
veals that the institutional investor consistently outperforms them. In scenarios where the
noise-trading volume is sufficiently large, excessive noise is incorporated into the price, making
it less informative for predicting fundamentals. As a result, sophisticated individual investors
tend to overlook the informational content of the price. The institutional investor has weaker
risk effect. Otherwise, if individual investors exhibit a weaker negative risk effect, they are more
inclined to provide liquidity, which leads to a lower price impact for the institutional investor.
This contradicts to previous assumption because the institutional investor has lower condi-
tional variance. As noise-trading volume gradually decreases, the institutional investor begins
to experience a more substantial negative risk effect. Nevertheless, unlike in perfectly compet-
itive markets, the presence of imperfect competition ensures that the institutional investor’s
information advantage persists. Consequently, the positive information effect consistently dom-
inates the trade-off, allowing the institutional investor to consistently outperform sophisticated
individual investors.

The results differ significantly when individual investors are naive and behave as price-
takers. Our analysis demonstrates that the institutional investor cannot outperform naive
individual investors when the noise-trading volume and the noise-to-signal ratio for informa-
tion are sufficiently large. This outcome is illustrated in Table 1. Naive individual investors,

perceiving themselves as price-takers, mistakenly believe that their trading does not influence
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Table 1: Intuition for Results on Expected Trading Profits. We simplify the main model to a two-
player game (the institutional investor (I) v.s. the individual investor) with two strategies (aggressive (A)
or conservative (C) trading strategies). The individual investor can be either sophisticated (S) or naive (N).
The payoff matrix on the left represents the real payoffs recognized by investor I and investor S, while the
“fictional” payoff matrix on the right reflects the mistakes made by investor NV in estimating payoffs resulting
from failing to internalize his price impact. The payoff matrix demonstrates three characteristics in the main
model. First, each investor’s trade has a price impact. Strategy A influences the equilibrium price and imposes
negative externalities on other investors, as 79(A4,4) < 7%(C,A) and 7°(A,C) < 7%(C,C) for investor S
and 7(A4, A) < 71(A,C) and 71(C, A) < 71 (C,C) for investor I, because more trading drives the price up
more. Second, the institutional investor has an information advantage over the individual investors. Investor I
tends to trade more aggressively when investor S trades conservatively, i.e., 7/ (A, C) > w!(C,C). Conversely,
without an information advantage, investor S stays conservative even investor [ trades conservatively, i.e.,
79(C,A) < 73(C,C). Combining previous two characteristics, when one of the investors has imposed an
aggressive trading strategy already, following up with aggressive trading is not optimal even if the investor has
an information advantage (that is, 7/ (A4, A) < 71 (C, A) and 75 (A, A) < 75(A, C)), which will impose too much
impact on equilibrium price. Third, the naive individual investor is irrational. Investor N does not internalize
the impact of his own trading on the market. This leads to a belief that aggressive trading always yields higher
payoffs, regardless of the trading behavior of the other player (investor N believes 7V (A4, A) > 7V (4, C) and
aN(C, A) > N (C,C)).

the equilibrium price. As a result, they tend to trade more aggressively—buying heavily on
positive signals and selling on negative ones. This behavior is depicted by the “fictional” payoft
matrix in the right table, where the payoffs for naive investors (7 (A, A) > 7V (A,C) and
wN(C, A) > 7V (C, C)) reflect their beliefs in the non-impact of their trades. Recognizing the
irrationality of naive investors, the institutional investor anticipates their aggressive trading
behavior and is consequently forced to reduce his own trading aggressiveness, despite having
an informational advantage. The institutional investor’s potential gain from additional infor-
mation is outweighed by the decreased share of profits due to the heightened sensitivity of the

price to these aggressive trades. In essence, the irrationality of naive individual investors acts
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as a commitment device, embedding their aggressive trading into the market dynamics.

The institutional investor’s advantage lies in having more information, but this is counter-
balanced by the disadvantage that arises when naive individual investors commit to aggressive
trading. When the noise-to-signal ratio for information becomes sufficiently large, the insti-
tutional investor’s negative risk effect intensifies, and the information advantage cannot com-
pensate for the relatively conservative trading strategy that is forced upon them by the naive
individual investors. Furthermore, as noise-trading volume increases, the equilibrium price vari-
ance also rises, diminishing the institutional investor’s positive information effect. Under these
conditions, naive individual investors outperform the institutional investor. However, despite
their success, the aggressive trading driven by the naive investors’ irrationality imposes neg-
ative externalities on all market participants, leading to lower expected trading profits across
the board compared to scenarios where individual investors are sophisticated.

Related Literature. Our imperfectly competitive market equilibrium is based on the sem-
inal framework of Kyle (1989) (see Zhou (2022), Kacperczyk et al. (2023), Glebkin et al. (2023)
and Anthropelos and Robertson (2024) for recent extensions) and is most related to Nezafat
and Schroder (2023) that theoretically establish the existence of zero-precision symmetric equi-
librium in an imperfectly competitive market.®> Two main differences exist between our study
and Nezafat and Schroder (2023). First, while all traders in Nezafat and Schroder (2023) are
rational, we introduce the irrationality for some individual investors; that is, naive individual
investors are not aware of their price impact and consider themselves to be price-takers. Second,
while the focus of Nezafat and Schroder (2023) is on the zero-precision equilibrium existence
with cost-free signals, our focus is on whether unconsciousness may strictly dominate rational-

ity and survive in the long run.* Since unconsciousness acting likes a commitment device in a

3The model in Nezafat and Schroder (2023) encompasses two stages: an information-acquisition stage and
a trading stage. In the information-acquisition stage, each investor chooses a signal precision to maximize his
expected utility at the trading stage while considering the price impact in the trading stage and the impact of
his precision choice on the trading strategies of other investors in the market. The reduced payoff uncertainty
resulting from a more precise private signal increases the price sensitivity (as well as the signal sensitivity) of
the deviating investor’s demand, and this increased price sensitivity reduces the price impact of the conforming
investors. Moreover, the decline in the conforming investors’ price impact increases their demand-function
price sensitivities, further reducing price impact. Lower price impact (i.e., more liquid markets) generated by
the deviating investor’s improved signal causes all rational investors to trade more aggressively (i.e., increase
the absolute size of their trades), reducing the stock’s equilibrium absolute risk premium. A zero-precision
equilibrium arises when the utility cost of the lower risk premium exceeds the utility benefit from more precise
private information.

4Furthermore, Proposition 2 in Nezafat and Schroder (2023) shows that when noise-trading volume is suffi-
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standard Cournot model, institutional investors underperform naive individual investors who
consider themselves to be price-takers when noise-trading volume and noise-to-signal ratio for
information are sufficiently large.

We further contribute to the emerging literature on behavioral rational expectations equilib-
rium.” Eyster et al. (2019) model a financial market where some traders of a risky asset do not
fully appreciate what prices convey about others’ private information. Malikov and Pasquariello
(2022) define quantitative investing as myopic via its reliance on a backtested trading strategy;
that is, quantitative investors are unaware that other investors are aware of their existence. We
share the similar feature that some traders irrationally neglect rational elements in the financial
market; however, the focuses differ. Regarding economic mechanism, we are closely related to
Kyle and Wang (1997), who show that overconfidence may strictly dominate rationality and
survive in the long run because overconfidence acts like a commitment device in a standard
Cournot duopoly model. In our study, this commitment device comes from naive investors’

unconsciousness about price impact.

2 The Model

Assets: We consider a Kyle (1989)-type economy with imperfect competition. The financial
market consists of a risk-free asset, with a normalized price and payoff of 1, and a risky asset

with price p and a random payoff § ~ N (0,1/79), 79 > 0. To prevent the price from being fully
2

u?

revealing, there is also per-capita random demand by noise traders u ~ N (0,1/7,), 7, = 1/o

where u is independent of other random variables.®

ciently large, the deviating trader will benefit from a positive-precision signal only when the absolute expected
noise trading is small (i.e., the mean of the noise trading is small). This differs from our Proposition 3, which
does not depend on the mean of noise trading (that is, our main results also hold for a large mean of noise
trading).

>Banerjee et al. (2009) and Banerjee (2011) combine REE and disagreement frameworks to allow investors to
underestimate the precision of other investors’ private information. Basak and Buffa (2019) study the decision-
making of a financial institution in the presence of novel implementation friction that gives rise to operational
risk. A more sophisticated model generates a more informative signal about an investment opportunity by
relying on the latest I'T infrastructure and advanced data analytics. However, using these technologies makes it
more prone to operational errors. Mondria et al. (2022) propose an optimal inattention—style variant of partial
cursedness in which each trader observes the price but employs a noisy signal to infer the information that it
contains and can pay a cost to reduce the noise. They endogenize traders’ sophistication levels, showing that
sophistication acquisition can exhibit complementarities.

6Here we assume zero mean for random variables 6 and u for simplicity of exposition. In fact, the main
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Preference: There are n > 3 investors,” which are divided into three groups as introduced
later. The utility of investor ¢ who buys z; € R units of the risky asset at price p € R is given
by

—exp{—pz;(0 —p)},

where p is the CARA risk aversion parameter. Here without loss of generality we assume that
all investors have zero initial wealth due to the CARA assumption abstract wealth effect.
Institutional investors: We assume that there is only one investor (i = 1) who possesses
all the information in the economy.® Throughout this paper, we refer to the investor with
an information advantage as the institutional investor. Specifically, each individual investor
i = 2,...,n can observe a private signal y; = 0 + ¢;, ¢, ~ N(0,1/7.), 7. > 0. There is also a
public signal y; = 6 + €1, ¢ ~ N(0,1/7), in the economy. The idiosyncratic noise {ei, ..., €,}
are mutually independent and also independent of other random variables in the model. The
institutional investor possesses all the information in the market, that is, the signal set of the
institutional investor is given by {y1, 42, ..., ¥» }. The institutional investor behaves strategically
since he tends to be experienced in financial markets and can calculate and estimate his price
impact correctly. Following the similar analysis in Kyle (1989), the optimal demand of the

institutional investor is given by

37* — E[9|y17y2) 7ynap] - P
! AL+ &1

) 51 = pvar[myhy% -~-,Z/n,p], <1>

where A\; > 0, which will be generated endogenously, denotes the price impact of institutional
investor. The institutional investor realizes that his demand has an impact on the equilibrium
price, and anticipates such an impact when making optimal demand schedules.

Sophisticated individual investors: The individual investors are assumed to be strategic or
behave as price-takers. We refer to strategic individual investors as sophisticated individual

investors, and price-taking individual investors as naive individual investors. The information

results continue to hold for more general nonzero-mean cases.

"When n = 2, the linear equilibrium does not exist, see Equation (39) in the appendix. This is in line with
the Proposition 5.1 in Kyle (1989) which states that when there are no uninformed investors in the market,
there exists a linear equilibrium only when the number of informed investors is greater than or equals three.

80ur results also hold for a more general setting where there are many investors who have all the information
in the market.
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set of the individual investor i = 2,...,n is {y1,¥;}.° The optimal demand of the sophisticated

individual investor ¢ = 2,...,m + 1 is given by

I,L' e
As + &

) é—s = pva‘r[8|y17 yi7p]7 (2>

where Ay > 0, which will be generated endogenously, denotes the price impact of sophisticated
individual investors 2, ..., m + 1, respectively. Previous studies always treat individual investors
as small competitive traders (Kacperczyk et al. 2023) and many researchers use trade size as
a proxy for retail order flow (Campbell et al. 2009). However, with algorithms becoming an
important feature of institutional order executions in the early 2000s, a trade-size partition has
become far less useful as a proxy for retail order flow. The retail order flow might even have a
larger average trade size than other flow (Bochmer et al. 2021).

Naive individual investors: A key feature of the model is that some individual investors
consider themselves price-takers. Naive individual investors do not realize that their demands
will have an impact on asset prices, or even if they do, but are unable to calculate it correctly due
to some limitations, for example limited investment experience, limited understanding on the
market environment, etc. The optimal demand of the naive individual investor j = m+2,...,n

is given by!?

. Elly,y;0 —p
Eh &

> fn = pvar[elybijp]' (3)

Even though naive investors consider themselves to be price-takers, their trading actually have
price impact on the equilibrium price as indicated by the market-clearing condition (4). In this
sense, we are related to the emerging literature on behavioral rational-expected equilibrium.
Equilibrium definition: As standard in the literature, in this paper we consider linear equi-
libria. That is, the price of the risky asset is a linear function of investors’ signals and the noise

demand. A linear Bayesian Nash equilibrium is defined as a linear price function p, together

9The model can also be alternatively nested into the framework of information sharing (Colla and Antonio
2010; Ozsoylev and Walden 2011; Han and Yang 2013; Lou and Yang 2023), where the information network is
represented by a star, where investor 1 is the central node who initially has access to a private signal y;, and
the other investor ¢ is the non-central node who initially possesses individual private signal y;, ¢ = 2, ...,n.
Duye to symmetry, & and &, does not depend on the specific index i and j respectively.
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with the above given optimal demands x7,7 = 1, ..., n, such that the market-clearing condition

m+1

$1+Z$+Zx—|—nu—0 (4)

j=m+2
holds almost surely.!! Equation (4) indicates that the naive individual investors also have price
impact. In this paper, we are interested in the question of whether the institutional investor
can beat the individual investors in the sense that the institutional investor has higher trading

profits than individual investors.

3 Equilibrium Characterization

In this section, we establish the existence of linear Bayesian Nash equilibria by taking the first

conjecture-then-verification method widely used in the literature. Suppose that the equilibrium

price takes the linear form of 2

m—+1
p=my Y Yt Z yi + yu. (5)
=2 j=m+2

Since the sophisticated and naive individual investors have different awareness about their price
impact on equilibrium price, they have different demand sensitivities to their price information,
resulting the different price coefficients 7, and 7.

Based on the equilibrium price form (5), from the perspective of the sophisticated individual

investor who knows {1, y;, p}, the price information p is equivalent to

& — D — Ty — TsYi
promy(m—1)+m(n—m—1)
1 m+1
r=2,r#% j=m

1 Alternatively, we can interpret —u as the per-capita random supply in the market.

12Here we postulate that the coefficients on the signals o, ..., Ym+1 (Ym2, .., ¥n) in the conjectured linear
equilibrium price p are the same because sophisticated (naive) individual investors are symmetric in the model.
Moreover, since we assume that all random variables have mean zero without loss of generality, there is no
intercept in the conjectured price function p.
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m—+1 n
=: 0+ v Z €+ Qs Z €; + 25,
r=2,r#i Jj=m+2
where

T
Vs = )
ms(m —1) +m,(n —m —1)
€= ms(m—1)+m(n—m—1)’

o Y

Zs

Cm(m—1) +m(n—m—1)
Form the projection theorem for normal random variables, we have

T(y1 +yi) + O°s;

E[0 iD= =:af Ui °p,
[01y1, i, p] o 16 ajyr + gy + B°p
where
0° = [(W¥(m —1) + @(n —m —1))/1 + 22/7] ", (6)
as _ Te — @S ws(mfl)+7rln(n7mfl) (7>
! To + 27, + O3 ’
s T. — %,
=, (8)
To + 27, + ©
. o 1
B = 9)

9+ 27+ O (m — 1)+ mp(n—m —1)

The parameters o, o and $° measure sophisticated individual investor’s expectation sensitivity
to public information, private information, and price.
Similarly, based on the equilibrium price form (5), from the perspective of the naive indi-

vidual investor who knows {y1,y;,p}, the price information is equivalent to

= P —T1Y1 — TpYj
PIgem 4 ma(n —m —2)
1 m+1 n
= ﬂ_sm—'_ﬂ_n(n o — 2) Ts lzz;yz +7anm§2:’r¢jy7' +7U/
m—41 n
::9+Unzei+qn Z € + 2pU,
=2 r=m+2,r#j

10
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where

Ts
U"—ﬂsm—i-ﬂn(n—m—Q)’

— 7Tn
qn_ﬁsm+7rn(n—m—2)’

2 = g

Tem + m(n —m —2)
Form the projection theorem for normal random variables, we have

TE(y1 + yj) + @nsgj
T9 + 27, + O™

E[0|y1,y;,p] = =)y + agy; + Bp,

where

0" = [(vim+ i (n —m—2)/r+ 22/n] ",

o — Te ™ nw5m+7r:(z—m_2)
1 To + 27, + O" ’
n __ Te — QRQTL
° 1y +27. 4+ 67
or 1

n

79+ 27 + O wom + m,(n —m — 2)°

The parameters af, o) and 8" measure naive individual investor’s expectation sensitivity to
public information, private information, and price.
In terms of the institutional investor who observes {1, s, ..., Yn, p}, based on the equilibrium

price form (5) and applying the projection theorem for normal random variables, we have

T n
E[9 il = by o] = — S
O1y1, Y, --Yns D] = E[Oly1, Y2, Y] Te+m;y

where we use the fact that the price p is redundant for the institutional investor given the full
information in the market.

Moreover, the conditional uncertainty about the fundamental of the institutional investor,

11
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strategic individual investors, naive individual investors are respectively given by

1
Varlf[ys, ... yns pl = Varl0lys, ... ya] = , 10
arflys; - yn, pl = VarlBlys, .. ] = ———— (10)
1
Varl6|yy, vi,p] = ———————— 11
arlflys, i vl = 5 (11)
1
Var[0 pl=—. 12
arlfly, v, ) = —— 5 (12)
The market-clearing condition (4) indicates
Te n 1 s s s n n n
rotnre 21 Yr — P ”ialyﬁrocoyﬂrﬁp—h Zn: ofyi +agy +8%—p
)\1 + 51 i—9 >\s + gs j=m+2 gn
which implies
1 m(l—p8) (n-m-1)(1-p]"
p:[ LB =)
A1+ & As +&s &n
Zy +Za1y1+a i O/fy1+a?yj+nu
(TG+nTe )‘1+§1 " )‘ +§5 j=m—+2 gn

Matching coefficients over both RHSs of the preceding price function and the conjectured price

function (5) leads to

vzn[Aliglem;:;g)+(n_m_€i>(1_5n>1_l, (13)
S o e e ), .
s = % (70 + m:)g(Al Ty Asojffj (15)
= % (7o + mj)g(Al e " (;_n] (16)

Moreover, the price impact parameters should satisfy
e [peg ey
e o )

12



Yang, Kang, and Lou: Can institutional investors always beat individual investors?

Similar to Kyle (1989), Equations (17) and (18) show that each investor’s price impact equals

the reciprocal of the sum of the price sensitivities of all the other investors. Now, we get a

system of equilibrium equations (13)-(18) with variables 7y, 7,, m1, 7, A1 and \;. Furthermore,

even though the naive individual investors treat themselves as price-takers, they indeed have

price impact. We summarize all the variables we need to establish the equilibrium in Table 2:

Table 2: Notations

Symbol Definition
Ezxogenous
0 Random payoff of the risky asset, 6 ~ N(0,1/7y)
u Per-capita random demand of noise traders, u ~ N(0,1/7,)
p Risk aversion parameter
n Total number of investors
m Number of sophisticated individual investors
€,r=1,...,n Idiosyncratic noise of signal y,
Y1 Public signal, y; = 0 + ¢
YT =2, .0,M Private signal of investor r, y, = 0 + €,
1 Demand of institutional investor

l’i,i = 27,m+1
Tj,]=m+2,...,n
&1
55
é-n

FEndogenous

p
1
7TS
7Tn

Demand of sophisticated individual investor @

Demand of naive individual investor j

Risk aversion adjusted conditional variance for institutional investor

Risk aversion adjusted conditional variance for sophisticated individual investors
Risk aversion adjusted conditional variance for naive individual investors

Price of the risky asset

Price sensitivity to public information

Price sensitivity to private information of sophisticated individual investors
Price sensitivity to private information of naive individual investors

Price sensitivity to demand of noise traders

Price impact of the institutional investor

Price impact of each sophisticated individual investor

Sophisticated individual investor’s expectation sensitivity to public information
Naive individual investor’s expectation sensitivity to public information
Sophisticated individual investor’s expectation sensitivity to private information
Naive individual investor’s expectation sensitivity to private information
Sophisticated individual investor’s expectation sensitivity to price

Naive individual investor’s expectation sensitivity to price

We will first discuss two special cases of all individual investors behaving strategically and

behaving as price-takers in Section 4 and Subsection 5.1, respectively, and then consider the

13
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more general case of the coexistence of three types of investors in Subsection 5.3.

4 Sophisticated Individual Investors

Applying m = n — 1, this section investigates whether the institutional investor can beat
sophisticated individual investors who behave strategically and take into account the impact of

their demands on the asset price.
4.1 Equilibrium

We first establish a linear Bayesian Nash equilibrium and then define expected trading profits.

PROPOSITION 1. There exists a linear Bayesian Nash equilibrium determined by the following

system of equations

1 n—1)(1-p891"
s lempo o) (1)
A +& As + &
Y Te (n - 1)()‘?}
m™ = — + , 20
T [(7’9+n7'€)()\1+£1) As + & (20)
Y Te a,
Ty = — + ) 21
n [ Tg+nT€)()\1+§1) )\S—l—fs] (21)
(n—1)(1-=p5%]"
) 22
n—2)(1— %) 1 1!
- : 23
{ As + fs A1+ 51} (23)
where
Te — L+(i—2>z§ .
a1_7—0+27—e+ 11 227
(=R
Te = L+<i—2>z§
al = Te ”‘1 , (24)
9+ 2T + ———
(n72)7—€+%
1 1
1 é(n72)ﬂ's
S (n*2)7'6+7'u
_ 7 25
b To+ 27 + —— (25)

1 =
(n—2)7e Tu

14
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N

S (n —2)m,

The equilibrium system (19)-(23) can be directly obtained from the system (13)-(18) by
setting m = n — 1 and removing the equation (16) which corresponds to naive individual
investors. The expected trading profits of the institutional investor, i.e., the investor 1, are

given by

var(e - p) B Var[@ - p|y17 Y2, ...y ynap]

I :=E{(0 - p)o] = T ,

(26)

where we use the relation in (1) and the law of total variance. Similarly, from (2) the (expected)

trading profits of sophisticated individual investor ¢ = 2,...,n are given by

«  Var(0 —p) — Var| — plyi, v, p

]

i=2,..,n (27)

Following the definition of informational efficiency in the literature (Rahi and Zigrand 2018;
Lou and Rahi 2023), here we can analogously define a measure of informational efficiency for

predicting the asset return 6 — p:

— Va’r(g _p) _ Var[e - p|y17 Y2, 7yn7p] _ Var(@ - p) B Va’r[9|y1a Y2, .-, yn}
Var(6 — p) Var(6 — p) '

(o (28)

Similarly, also define

_ Var(e - p) - var[e - p|y17 yzap] _ Var(@ - p) - Var[elyh %ap]
Var(6 — p) Var(6 — p) ’

U, : i=2...n (29

Equations (26) and (27) indicate that investors’ trading profits are determined by both
the information effect, described by information efficiency, and risk effect, characterized by
the market-implied risk aversion (i.e., the sum of price impact A and the risk-aversion-adjusted
conditional variance about the fundamental £). From (26)-(29), we can see that the institutional

investor can beat sophisticated individual investors, i.e., II; > Il, if and only if Al‘lel& > /\‘I’ng,
As+Es

A1+&1

Y
Ty

or equivalently, >

Because the institutional investor obtains more information, the information efficiency is
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higher, that is ¥; > W,. Hence, when we were considering a competitive setting, it is clear that
the institutional investor can always beat individual investors.'®> The analysis becomes more
complicated as illustrated below in an imperfectly competitive setting. Price impact kicks
in and plays an important role in imperfectly competitive economies. Besides the information
advantage, if additionally, the institutional investor also has lower market-implied risk aversion,
then the institutional investor will have a higher trading profit. However, if the institutional
investor has large enough market-implied risk aversion, whether he has a higher trading profit
depends on which one of the two conflicting effects arising information advantage and illiquidity
is the dominant one. Following, we focus on the risk effect through examining the market-
implied risk aversion for both institutional and sophisticated individual investors and then

discuss the expected trading profits.

4.2 Market-implied risk aversion: Risk effect

Price impact refers to the change in the asset price caused by investors’ trading. A high
price impact means that a demand shock will drive the price higher and then potentially
reduce investors’ trading profits. In the studied linearity framework, the price impact of one
investor is determined by the reciprocal of the price sensitivity of the demand functions of his
counterparties in the market (Kyle (1989)). When his counterparties demand less sensitive
to the price, or in other words, have less elastic demand, any deviation by the investor from
his equilibrium demand at any given price requires a greater price adjustment in order for
the market to absorb it, and thus the investor has large price impact. Intuitively, less elastic
demand of his counterparties implies that his counterparties are unwilling to provide liquidity
to the investor, and make the investor facing an illiquid market.

Besides the price impact parameter, the risk-aversion-adjusted conditional variance also has
an effect on investors’ demands. A higher price impact and a larger risk-aversion-adjusted
conditional variance tends to reduce investors’ demands. Throughout this paper, we refer to

the sum of the price impact and the risk-aversion-adjusted conditional variance about the payoff

13When all investors behave as price-takers, the trading profits of the institutional investor and individual
investors are given by Equations (26) and (27) with the setting of Ay = 0 and ;s = 0, respectively. It is easy to
see that the institutional investor faces a lower conditional uncertainty than individual investors, i.e., & < &;.
Moreover, because the institutional investor has an information advantage over individual investors, he has a
higher trading profit than individual investors in a competitive setting.
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as the market-implied risk aversion.
PROPOSITION 2. Suppose that all individual investors are sophisticated, we have
(Z) AL > )\s.

(1)) M +& > As + & if (n—1)(1 — %) < 1. Furthermore, if (n — 1)(1 — %) > 1, then
A+ & < s + & if and only if

/BS
(n=1)(n—2)(1 - p5)

51 < |1- 2 587 (30)

and \1 + & > N\, + &, otherwise.

Proposition 2 (i) shows that the institutional investor always has a higher price impact. The
intuition is clearest if we assume, for the sake of argument, that investors ignore the information
in the price.! When & = &, Ay = A\ due to the symmetry. Suppose the institutional
investor has more precise information.!®> The institutional investor’s demand is more sensitive
to the price, which implies a lower price impact faced by individual investors. This further
makes the individual investors’ demands more price sensitive and decreases the price impact
faced by the institutional investor. The reduced amount of the price impact faced by the
institutional investor is less than that faced by individual investors, so that A; > A,.'® The
above explanations also apply to the setting that the individual investors learn from the price,
when the inference sensitivity 3° is small. However, when the inference sensitivity ° is large,'”

the individual investors have very low willingness to provide liquidity and the institutional

HS8pecifically, let us first consider the benchmark that the sophisticated individual investors 2, ...,n ignore
the information contained in the price, i.e., 3° = 0. In this case, the two price impact parameters A\;, \g are
coupled with each other and completely determined by investors’ conditional uncertainty about the payoff, see
Equations (22) and (23) (with the setting of 3° = 0).

15We start the benchmark with the equal informative signal, that is & = & = p Var[f|y;, y;] (here we regard
&s and & as exogenously given parameters), which implies that Ay = A\; due to the symmetry. We now lower
the value of & (and fix the value of &) such that & < &. It indeed holds that &; < & in our model.

16Kyle (1989) shows that each trader’s price impact equals the reciprocal of the sum of the price sensitivities of
all the other investors. Because the institutional investor has a lower risk-aversion-adjusted conditional variance
about the fundamental, the decrease in his price impact has a stronger influence on his price sensitivity, that is
(M +&)71) /M > 0 ((As + &)™) /O, which leads to a relatively larger impact on other investors’ price
impact.

170Qur analysis shows that 4° is small and close to zero as 7, is sufficiently small, and 3° is large and close to
its upper bound (2n — 4)/(2n — 3) as 7, is sufficiently large, see the proof of Proposition 3.
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investor faces a more illiquid market than individual investors, resulting in a larger price impact
for the institutional investor.

Proposition 2 (ii) indicates that only when sophisticated individual investors rely less on
price to infer fundamentals and are less informative at the same time, the risk effect for the
institutional investor is relatively weaker. Suppose individual investors neglect the information

content conveyed by price. The price impacts are characterized as

n—1Y\" n—2 1\
A = A= + .
! <>\s+€s> <>\5+€S )\1 +€1)

The institutional investor has a weaker risk effect when his information is more precise. Other-

wise, if the individual investors have lower market-implied risk aversion A\, 4+ &, they are more
willing to provide liquidity to the institutional investor. This results in a lower price impact
A1 for the institutional investor, which contradicts to previous assumption because the insti-
tutional investor has more information and then a lower conditional variance. Therefore, the
more informed institutional investor has a weaker negative risk effect when individual investors
neglect the information content of the price. The above augments also apply to the setting that

the individual investors learn from the price but the inference sensitivity 8° is small.

4.3 Expected trading profits: information v.s. risk effect

This subsection focuses on the impact of noise-trading volume. The parameter 7, ! represents
the uncertainty of noise trading, and is used to measure the trading volume by noise traders
(Kovalenkov and Vives 2014; Nezafat and Schroder 2023).'® Proposition 3 discusses and Fig-
ure 1 numerically illustrates how the noise-trading volume impacts the relative profits of the

institutional and sophisticated individual investors.

PROPOSITION 3. Suppose that T, s either sufficiently small or sufficiently large. Then the

institutional investor can beat the sophisticated individual investors.

When noise-trading volume is sufficiently large (i.e., 7, is sufficiently small), too much

noise is incorporated into the price. In this case, the price is less informative to predict the

18The noise-trading volume is usually defined as the expected absolute value of the traded amount by noise
traders. We can see that E|nu| = oy,n+/2/7 and consequently, it is reasonable to interpret o, as noise-trading
volume.
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Figure 1: The effect of noise-trading volume on difference between trading profits. This figure plots
how noise-trading volume affects the difference between trading profits of the institutional investor IT; and the
sophisticated individual investors II; under three sets of parameters {7y, 7. }. Here the risk aversion parameter

is p = 2 and the total number of investors in the market is n = 10.

fundamental and then the individual investors will ignore the information contained in the
price when making optimal demands, i.e., f* — 0 (Eyster et al. 2019). As explained earlier in
(30) due to the lower conditional variance of the institutional investor, the market-implied risk
aversion for the institutional investor, in this case, is smaller than that for the sophisticated
individual investors, or in other words the institutional investor faces a more liquid market.
Therefore, the institutional investor has a relatively weaker negative risk effect. Hence, the
institutional investor, who also has a more significant information effect, faces a larger trading
opportunity and has a higher trading profit than the sophisticated individual investors.

When noise-trading volume is sufficiently small (i.e., 7, is sufficiently large), sophisticated
individual investors heavily rely on price to infer fundamental information (the inference sen-
sitivity $° tends to its allowable upper bound) so that the institutional investor has a higher
market-implied risk aversion and a relatively stronger risk effect. However, different from the re-

sult in perfectly competitive markets, the price will not reveal all the information in the market

19



Yang, Kang, and Lou: Can institutional investors always beat individual investors?

due to imperfect competition,'” so that the information advantage of the institutional investor
survives. Furthermore, more informed signal directly influences the information effect while it
indirectly affects risk effect through the interaction between the institutional and individual
investors. Hence, the information advantage effect of the institutional investor dominates the
risk effect arising from the higher market-implied risk aversion, and the institutional investor

thus has a higher trading profit than the sophisticated individual investors.

OBSERVATION 1. The institutional investor can always beat the sophisticated individual in-

vestors for intermediate values of T,.
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Figure 2: The impact of noise-trading volume on ratio of market-implied risk aversion and ratio
of informational efficiency. This figure plots how noise-trading volume affects the ratio of market-implied
risk aversion (As+&5)/(A1+£&1) and the ratio of informational efficiency ¥;/W¥;. Each panel contains two y-axes,
where the left y-axis (shown in blue) represents the ratio of market-implied risk aversion and the right y-axis
(shown in orange) represents the ratio of informational efficiency. The z-axis represents the value of 7, from
0.01 to 100. In the left panel, 7p = 25 and 7. = 5, whereas, in the right panel, 79 = 100 and 7. = 1. The other

parameters are p = 2 and n = 10.

While Proposition 3 shows that the institutional investor can beat sophisticated individual
investors for two extreme settings of sufficiently large and small noise trading, Figure 1 shows
that the results in Proposition 3 also hold for intermediate values of 7,,. That is, the information
advantage of the institutional investor always dominates the risk effect so that the institutional

investor can always beat sophisticated individual investors. We further decompose the two

YProposition 7.2 in Kyle (1989) indicates that the price in his model never reveal more than one-half the
private precision of informed speculators.
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components, i.e., the information and risk effect in Figure 2. First, as shown by Figure 2, the
relative risk effect of the institutional investor over sophisticated individual investors increases
with the precision of noise trading 7,. When noise-trading volume is large (small) (i.e., 7,
is small (large)), the institutional investor has a relatively weaker (stronger) negative risk
effect than those sophisticated individual investors. Second, due to information advantage, the
institutional investor always has higher information effect as indicated by the fact that the
value of WU, /W is always lower than 1. Third, as 7, increases, on the one hand, sophisticated
individual investors infer more information from price (Var[f|y;, y;, p| decreases); on the other
hand, the variance of the asset return decreases as well (Var(f# — p) decreases). Hence, the
relative strength of institutional investor’s information effect further amplifies, which renders

institutional investor always beat sophisticated individual investors.

5 Naive individual investors

Applying m = 0, this section investigates whether the institutional investor can beat naive

individual investors who are unaware of their price impact and consider themselves price-takers.

5.1 Equilibrium and expected trading profits

We first establish a linear Bayesian Nash equilibrium and then define expected trading profits.

PROPOSITION 4. There exists a linear Bayesian Nash equilibrium determined by the following

system of equations

e R @
%[Tﬁm A1+gl)+(n_gnl)aﬂ’ (32)
%{rﬁm A1+§1) (z_ﬂ (33)
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where

1 ush
1, (n=2)23
Te

_79—1—276—1—

Te —

Tu
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(n—2)7e +#
1

Te ™ T 22
Te Tu
al = T , (35)
To + 27‘€ + -1 2
(n—2)Te E
1 1
1 22 (n—2)m,
7+7
(n—2)7e Tu
ﬁn = 1 ) (36>
To + 27, + 3

1 Z*n
(n—2)1e ' Ty

N

= (n—2)m,

The equilibrium system (31)-(34) can be directly obtained from the system (13)-(18) by
setting m = 0 and removing the equation (15) which corresponds to sophisticated individual

investors. The (expected) trading profits of naive individual investors are given by

11, := E[( — p)z*] = Var(f — p) — Var[f — plyi, yj,p] j=

y . , sy T (37)

We also define informational efficiency for predicting the asset return 6 — p for naive individual

investors:

U= Var(@ — p) — Var[g - p|y1a ijp]
" Var(6 — p) 7

j=2,..,n. (38)

Similar to Equations (26) and (27), naive individual investor’s trading profits are deter-
mined by both the information effect, described by information efficiency, and risk effect, which
is however characterized only by the risk-aversion-adjusted conditional variance about the fun-

damental. From (26), (28), (37) and (38), we can see that the institutional investor can beat

v,

naive individual investors, i.e., IT; > II,,, if and only if —2— > Y2 or equivalently, —2— > e

A1+é1 én A1+&1
Proposition 5 characterizes the condition under which the institutional investor underperforms

the naive individual investors.

PROPOSITION 5. Suppose that 7, is sufficiently small, the institutional investor underperforms

the naive individual investors if (n* —4n + 2)7. /19 < 1.
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Figure 3: The effect of noise-trading volume on difference between trading profits: This figure
plots how noise-trading volume affects the difference between trading profits of the institutional investor ITy
and the naive individual investors IIs. The left panel shows the results of three sets of parameters {7y, 7.} that
satisfy the condition of the institutional investor underperforming naive individual investors in Proposition 5.
The right panel displays the results of three other sets of parameters {7y, 7.} that do not satisfy the condition
in Proposition 5. Here the risk aversion parameter is p = 2 and the total number of investors in the market is
n = 10.

The institutional investor would underperform naive individual investors even though he
would always beat sophisticated individual investors. This occurs when both the noise-trading
volume and noise-to-signal ratio for information are sufficiently large. Intuitively, the insti-
tutional investor underperforms when information effect is weak and risk effect is significant.
When noise-trading volume is sufficiently large (i.e., 7, is sufficiently small), the institutional
investor’s information effect diminishes. This is because both the information efficiency W,
and W, approaching to one as indicated by Equations (28) and (29).?° Furthermore, when
noise-to-signal ratio for information is sufficiently large, the naive individual investors obtain
imprecise information. The increased payoff uncertainty resulting from a less precise private
signal decreases the price sensitivity (as well as the signal sensitivity) of naive individual in-
vestors’ demands, and this decreased price sensitivity raises the price impact of the institutional
investor. Hence, under this scenario, the risk effect is more significant for the institutional in-

vestor. We next provide a benchmark for better understanding on Proposition 5.

20This is because Var(§ — p) — oo as 7, — 0, and the conditional variance Var[f|yi,vs,...,yn] and
Var[0|y1, y:, p] are bounded above by Var(6).
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LEMMA 1. When 1) neither the institutional investors nor naive investors learn from prices
(corresponding to sufficiently large noise-trading volume), and 2) each investor makes deci-
sion based only on the prior information about fundamental 8 ~ N(0,1/79) (corresponding
to sufficiently large noise-to-signal ratio for information), there exits a linear Bayesian Nash

equilibrium with equilibrium price form:

where

k n—k\ " E—1 n—k\ " p
=n + , A= + , =§, = —,
i (/\1 +§1 fn ) ! <>\1+§1 gn ) 51 5 To

k (1 < k < n) denotes the number of institutional investors (investors that take their price
impact into consideration when making decisions) and n is the total amount of investors in the

market. Moreover,

B0 —p)ei) = ey < B0 -9l = £

where x and x denotes the equilibrium demand of institutioanl and naive investors respectively.

That is, the institutional investors always underperform the naive individual investors.

The benchmark in Lemma 1 offers a clear intuition for the results. Assume that all investors
are naive and equally make decisions based on prior information. Now, an investor becomes
sophisticated and takes his price impact into consideration. This, in turn, enhances the benefit
not only for the institutional investor but also for other naive individual investors. However,
since the naive individual investors have more aggressive trades, the benefits are higher for

them, and consequently, the institutional investor underperforms naive individual investors.

OBSERVATION 2. The institutional investor outperforms the naive individual investors when 7,

or 7./ Ty is relatively large.
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Figure 4: This figure presents the parameter regions (consisting of 79/7. on the z-axis and 7, on the y-axis)
of whether the institutional investor can beat naive individual investors. The black area indicates the set of
parameters under which the institutional investor cannot beat naive individual investors, while the blank area

indicates the set of parameters under which the institutional investor can beat naive individual investors.

5.2 Why the institutional investor underperforms?

We first illustrate the intuition in Table 1. We simplify the main model to a two-player game
(the institutional investor (I) v.s. the individual investor) with two strategies (aggressive (A)
or conservative (C') trading strategies). The individual investor can be either sophisticated (.5)
or naive (N). The payoff matrix on the left represents the real payoffs recognized by investor /
and investor S, while the “fictional” payoff matrix on the right reflects the mistakes made by
investor IV in estimating payoffs as a result of failing to internalize his price impact.

The payoff matrix demonstrates three characteristics in the main model. First, each in-
vestor’s trade has a price impact. Strategy A influences the equilibrium price and imposes
negative externalities on other investors, as 7%(4, A) < 7°(C, A) and 7%(4,C) < 7%(C,C)
for investor S and 7’(A, A) < 7/ (A,C) and ©!(C, A) < 7/ (C, C) for investor I, because more
trading drives the price up more. Second, the institutional investor has an information advan-
tage over the individual investor. Investor I tends to trade more aggressively when investor S
trades conservatively, i.e., 7/(A4,C) > n(C,C). Conversely, without an information advantage,

investor S stays conservative even investor I trades conservatively, i.e., m%(C, A) < 7%(C,C).
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Combining previous two characteristics, when one of the investors has imposed an aggressive
trading strategy already, following up with aggressive trading is not optimal even if the investor
has an information advantage (that is, 7/(A, A) < 7(C, A) and 79(A, A) < 79(A, C)), which
will impose too much impact on equilibrium price. Third, the naive individual investor is irra-
tional. Investor N does not internalize the impact of his own trading on the market. This leads
to a belief that aggressive trading always yields higher payoffs, regardless of the trading behavior
of the other player (investor N believes 7V (A, A) > 7¥(A, C) and 7V (C, A) > «N(C, C)).

The irrationality of the naive individual investors serves as a commitment mechanism, which
renders the institutional investor to shrink his trading aggressiveness. As shown by the left
table, when individual investors recognize their price impact, they would know more aggressive
trading hurts their profits, especially they do not have information advantage. Hence, the
sophisticated individual investors would trade the asset conservatively. Facing this situation,
the institutional investor, who obtains information advantage, could explore the profits through
aggressive trading. Therefore, the institutional investor has a higher expected trading profit
than sophisticated individual investors.

However, when naive individual investors consider themselves to be price-takers, they believe
their trading do not impact equilibrium price. Hence, they tend to buy more when receiving
good signals and vice versa. This is depicted by the “fictional” payoff matrix in the right
table. The institutional investor, who awares the irrationality of naive individual investors,
would expect the naive individual investors to trade very aggressively. This, in turn, forces
the institutional investor to shrink his trading aggressiveness even though he has information
advantage. This is because the price impact is significant now due to aggressive trading by all
naive individual investors. The expansion of trading due to more accurate information cannot
compensate the decreasing share profits due to sensitive price movement.

Mathematically, we start with the equilibrium described in Proposition 4. Now, assume
there is only one naive individual investor who awares his price impact and switches to be a
sophisticated individual investor. Fixing other investors’ demand schedules and the equilibrium

price form, his equilibrium price impact should be

(m-p-p) 1]

A = +
gn )\1 + ’51
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Therefore, the market-implied risk switches from &, to &, + A;. This means that, consider-
ing his price impact, the sophisticated individual investor shrinks his demand. In this sense,
the irrationality of naive individual investors serves as a commitment mechanism for them to

impound aggressive trades into market.?!

5.3 Generalized equilibrium: Impact of increasing sophistication

This subsection numerically explores the situation when all three types of investors trade at the
market (as in Proposition 1) and examines the impact of increasing sophistication of individual
investors as indicated by higher m, i.e., more naive individual investors switch to sophisticated
individual investors. We have two main findings: i) the main results in Subsection 4.3 (Propo-
sitions 3) and Subsection 5.1 (Proposition 5) remain robust; ii) naive individual investors have
negative externalities on other market participants.

First, Figure 5 shows the effect of 7, on the trading profits when either 7./7y is sufficiently
small (Panel a) or relatively moderate (Panel b). From Figure 5, we find that the conclusions of
Proposition 3 and Proposition 5 also apply to the model containing three types of investors at
the same time. On the one hand, the institutional investor’s trading profit is always higher than
that of the sophisticated individual investors as indicated by left figures in Panel a and Panel b.
On the other hand, when 7, is sufficiently small, the naive individual investor’s trading profits
are higher (lower) than that of the institutional investor when condition (n? —4n + 2)7. /79 < 1
holds (fails) as indicated by the right figure in Panel a (Panel b). Hence, the main results in
Subsection 4.3 and Subsection 5.1 remain robust.

Second, when the naive individual investors consider themselves to be price-takers, they
believe that their trading does not impact the equilibrium price. Hence, they tend to buy more
when receiving good signals and vice versa. This might make the naive individual investors
beat the institutional investor; however, the aggressive trading from naive individual investors’

irrational trades also imposes negative effect on all investors. This is reflected by Figure 6 that

21'We finally go back to the discussion on the conditions in Proposition 5. The advantage of the institutional
investor is that he has more information while the disadvantage is that naive individual investors commit to
an aggressive trading. On the one hand, when the noise-to-signal ratio for information is sufficiently large,
the institutional investor’s information advantage is sufficiently small and the information advantage cannot
compensate the conservatory trade. On the other hand, when noise-trading volume is sufficiently large, the
change in price impact becomes more significant and, hence, the disadvantage also becomes more prominent.
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Figure 5: The effect of noise-trading volume on difference between trading profits: The green
line represents the difference between trading profits of the institutional investor II; and the sophisticated
individual investors Il,, while the pink line displays the difference between trading profits of the institutional
investor II; and the naive individual investors II,,. The parameter values are m = 4, n = 10, p = 2 and 7,
ranges from 0.001 to 0.1. For other parameters, we set 79 = 100 and 7. = 1 (satisfying the parameter condition
(n? —4n + 2)7. /79 < 1 in Proposition 5) in Panel a and 75 = 25 and 7. = 5 (which are used in Han and Yang
(2013) and do not satisfy the parameter condition (n? — 4n + 2)7. /79 < 1 in Proposition 5) in Panel b.

28



Yang, Kang, and Lou: Can institutional investors always beat individual investors?

all investors’ expected trading profits increase with the increasing sophistication.?? Further-
more, the number of strategic individual investors m can only affect the value of the trading
profits of the three types of investors, but not the ordering of the three. In other words, our
conclusions about the ordering of trading profits of the three types of investors discussed earlier

is robust with respect to m.

18 iz ‘ 18

Figure 6: The effect of the level of sophistication on trading profits: This figure plots how the
sophistication level m affects the trading profits of the institutional investor II;, the sophisticated individual
investors Il;, and the naive individual investors II,,. We set n = 10 in left while n = 30 in right. The other
parameter values are 7y = 100, 7, = 0.001, 7. = 1 and p = 2. The parameter condition (n? — 4n + 2)7. /79 < 1
holds in left and fails in right.

6 Conclusions

We explore a noisy imperfectly competitive market where an institutional investor possesses
all the information in the market while individual investors hold only a single piece of asym-
metric information. Among these individual investors, some internalize their price impact and
are classified as “sophisticated,” whereas others view themselves as price-takers and are la-
beled “naive.” We identify the conditions under which the institutional investor can/cannot

outperform individual investors in terms of trading profits. Our findings demonstrate that

22Figure 6 shows how the trading profits of the three types of investors are affected by the level of sophistication
m in the market. Here, we both consider the cases of n = 10 and n = 30, respectively (as n = 10, m takes
values from 0 to 9, and as n = 30, m takes values from 0 to 29). In Appendix B3, we do more simulations to
illustrate that our conclusions are robust.
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the institutional investor consistently outperforms sophisticated individual investors across all
market conditions. However, when the noise-trading volume and noise-to-signal ratio reach
sufficiently high levels, the institutional investor is unable to outperform naive individual in-
vestors. This is because naive individual investors, who disregard their price impact, tend to
trade aggressively, forcing the institutional investor to curtail his own trading aggressiveness

despite holding an information advantage.

Appendix A: Proofs

A1l. Proof of Proposition 1

Note that while & = p Var[f|y1, o, ..., Yn, p] = p Var[f|y1, yo, ..., y»] is a constant depending only
on exogenous parameters (see Equation (10)), & also depends on the endogenous parameter zg
(see Equation (11) and (6) by setting m = n—1). To highlight the dependence, in the following
proof sometimes we will write & = &,(z;).

From (22) and (23),

/\5 a )\5 s n— —ps -1 ’
e [—( ;s)-(i-lﬁsﬁ)] +&

1_(71—2)(1—&"’)+ 1

which is equivalent to

[(2n = 3)(1 = %) = 1] A2
+[(n=2)(1 = B)[(n = 1)1 = B°)& +&] + (n— 1)(1 = B°) (& — &) — 28] As
—[(n =11 = B)e&r + 2] =0. (39)

Note that the discriminant of the quadratic equation (39) is non-negative:

[(n=2)(1 = B*)((n = 1)(1 = )& + &) + (n — 1)(1 = 5°)(& — &) — 2&,)°
+4[(2n = 3)(1 = 8°) = 1] [(n — (1 = ")&& + &
= (n—2)*(1=B)[(n = 1)(1 - B*)&1 + &
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+(n = 1)1 = B)(& — &) +4(n — 1)*(1 = )68 > 0.

We restrict §° € (0,1) since otherwise, A\; will be negative and not well defined. We first
claim that (39) has a positive root A, if and only if (2n—3)(1—3°)—1 > 0. If (2n—3)(1—-5%)—1 >
0, then (39) must have a unique positive root no matter the coefficient on the term A is positive
or negative. However, if (2n —3)(1 — %) —1 <0, ie., 1 —* < ﬁ, the coefficient of A\, in

(39) equals
(n =1 =) =2)1=5) =16 +[2n = 3)(1 - 5°) = 2J¢,,

which is negative, implying that (39) has no positive root. Denote the threshold value

_2n—4

+ . .
g 2n — 3

Hence, to show the equilibrium existence, it suffices to restrict 3 in the interval (0, 7).

The proof outline is that we first express all the variables A1, A, &, 2, ms as functions of
the variable 8°; and then substitute them into the equation that 5° satisfies, and finally solve
the resulting equation involving only the variable 3°.

At the first step, we first try to solve z; as a function of the variable 5°. Fix a value
B% € (0,5%). We can first uniquely solve A\, = \;(8%; z5) by (39) as discussed above (note that

As(B%; z5) depends on z, since & does), and then

(n-1-p) ]
1 (40)

by (22). Substituting Ay = \s(8?%; z5) and Ay = A\ (5%; z,) into (19), we get

_ 5.5 ) =n 1 (n—1)(1 -5 B
Y= 7(5 ) S) [)\1(68;28) + & + )\S<5s; Zs) + gs(zs):| . <41>
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From (21) and (24), using the definition z, = > we have
- _ 1 -
=
To+2Te+ 1 1 2
n Te W+%
= Zs + 42
n2 P T (B2 1 &) (B ) 6 )

Observe that {\s(8%; 25)} is uniformly bounded over z; € (0, 00) since (42) depends on zg only
through the terms &; and &, which satisfy the relation

p P
< <
T+ N7 T §alz) = T + 27,

for any z; > 0, see equation (2) and (11). Consequently, {A;(3%; z)} is also uniformly bounded
over z; € (0,00). The uniform boundedness implies that the term on the RHS of (42) tends to
infinity as z; — oo and to zero as z; — 0. Thus, there is a solution, denoted as zs(/*), which
is a function of the variable 3°, to the equation (42). We then immediately get the values of
M (5% z5(5%)) and Ag(B%; 25(8%)), and then the value of v(3%, z5(8%)) from (41). Also, we get the

value of m4(f%) by the relation my(5*%) = %, they are functions of the variable 8°. Then

substituting z,(6°) and 7s(/3*) into the expression of 5°, we get an equation involving only the

variable $* (as well as other exogenous parameters)

1 1
O GOOP () (F)
/BS — (n—2)7e u . (43)

1
T+ 2Tt o

(n—2)7e Ty

To show the equilibrium existence, it suffices to show that the equation (43) has a positive
root in (0, 7). The proof outline is to apply the intermediate value theorem by showing that
the limit of the term on the RHS is larger (respectively smaller) than that of the term on the
LHS as 3° — 0 (respectively 5° — 7). Let us first consider the limit of 5 — 0. In this case,
(39) reduces to

(20— A2+ [(n—2)[(n = 1)& + &) + (n— 1) (& — &) — 26 A — [(n = 1)&& +€2] =0,
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which implies that A, and then Ay, 7, z; and 7g are bounded and far away from zero, by (22),
(19), (42) and the relation 75 = v/(zs(n — 2)), respectively. This implies that the limit inferior
of the term on the RHS of (43) is greater than zero as 5° — 0. We now consider the limit of
B — pT = %. In this case, we can first show that A\, — oo by contradiction. Otherwise, if

{\s} is bounded, then on the one hand, from (39)

2n 3 5§1 +£2
(2n 351 + 58) 2n73( s 51) — 2,

)\S—> < 0.

On the other hand, as the positive solution to (39), any limit point of A, should be non-negative,
leading to a contradiction. Hence, Ay — oo. We can further show that Ay — oo by (22), v — oo

by (19), and z; — oo by (42). Moreover, from (21), (19) and (22),

+ ag Te + ag
T — (79+nre)(>\1+§1) Ast+€s (Te+nTe)(>\1+€1) Al(n 1)(1-8%)
s Ly (n—1)(1—g°) +
A+ As+Es A1+£1 Al

7—€>\1 + az
_ (T9+We)(>\1+51) (n—1)(-8 ), (44)

>\1+£1 +1

which implies that

. 1 ( T, N T, )
Ts = )
2\ +nte (19 +27)(n—1)(1 — B?)

where we use the limit o —

—5- - This implies that the term on the RHS of (43) tends to

zero as 3° — (1. Thus, according to the intermediate value theorem, (43) has a positive root
g € (0,5%). By the obtained value of °, we now also get the values of s, A1, 7, zs, 7s.
Finally, from (20),

— ™ -
e 1™

%+(n—72)zg Ts
)
v Te (=
m = - + )
n | (to+n7) (M + &) As + &
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from which we get the value of m;:

5 . (n—1)7e
n | GotnmOuren T
(As+Es) Ta+27'e+ﬁ
= =27 t7u
1 1
Tl+(";2)zs
7'9+27':+ﬁ
(n—1)(n—2)zs =27 T 7w
1 + n As+Es
The proof is completed. 0J
A2. Proof of Proposition 2
Proof of (1). From (22) and (23),
n—21 T

s — t )
n—1A M+&
which implies A\; > A, if and only if

n—21+ 1 - 1
n—1A M+& T AN

The preceding inequality is equivalent to
(n — 2))\1 > 51.

Observe that (n —2)A; > & if and only if

(n=2)As +&) > (n =11 = 5°)&

& —2)(A/&+1) > (n = 1(1 = )& /¢

As (=10 -=p5)&

which holds if
(n—D(1-B)&
n—2 gs

—1<0,
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or if P=JEZEIE 1 > 0 and (from (39))

(0 -3 - ) - 1| PO

+{m—ax1—ﬁ>0n—mu—5ﬂ%+q)+o%-nu—5ﬂ<y—2)—a}V”‘?f;ﬂﬂ%-q

- [(n —1)(1 - BS)% + 1} < 0.

After some simple but tedious calculations, we can find that the preceding inequality is

equivalent to

(n— 1)’ (1 = %) = [(n — D& + (n = 2)(n — 1)*6:& + (n = 2)(n — DEF] <0,

ie.,

(n = 1)E& + (n = 1)(n — 2)£:& _ &1+ (n — 2)&;
(n —1)%¢7 (n—1)§&

As a summary, we show that A\; > A, if and only if

1-p%<

S+ (n—2)8 1+ (n—2)6/&

1—-p5°<

Note that & < & (see equations (10) and (11)), and consequently, A; > As.
Proof of (ii). From (22),

As + &

MR G-

+ &1 (45)

This implies that when (n — 1)(1 — 8°) < 1, it holds that A\; + & > As + &. We next suppose
(n—1)(1 — 8°) > 1. Then we see that A\ + & < s + & if and only if

!

- )
1- (n—1)(1-5%)

As +& > (46)

Note that (39) can be alternatively written as

[(271 - 3)(1 - 68) - 1]<)‘s + 55)2

35



Yang, Kang, and Lou: Can institutional investors always beat individual investors?

[ =11~ B)& + 20— 3)(1 — 56 — (n— 1)(n — 2)(1 — 5] (A + &)
—(n—1)(n—2)(1 - BEL =0 (47)

From (47), we see that (46) holds if and only if

[@n—$ﬂ—ﬂ%—ﬂ<l_(&i ))
n—1)(1-p3%

= [(n=1)(1 = B)& + (2n = 3)(1 = )& — (n — 1)(n — 2)(1 — B°)*¢4]

&

1
L ey

—(n=1)(n=2)(1 - )& <0.

After some calculations, we can find that the preceding inequality is equivalent to

(n—1)(n—2)(1 =% = [(n—1)(n —2)(1 - )" = ] & < 0.

The proof is completed. ]

A3. Proof of Proposition 3

Proof of (i). To begin with, from (26), (27), (28) and (29), we see that the institutional investor

can beat the sophisticated individual investors if and only if

>\S + 65 \IIS
> —. 48
M+ & v, (48)

From (42),

n < [ Te n Te }
n—2" = (7'9 + nTe)fl (7_9 + 27—6)58(28)

Te Te(T9 + n7e)
S % |:(’7'9 +n7 )&y + (1o + QTe)p] ’ (49)

combines which and expression of a3 (see (24)) implies

s Te

%
° To + 27,
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as 7, — 0. Hence from (21) and (19),

S
aO

Te +
Ty = (ronre)Quten)  Astes min{ Te Te } > ()
)(n—1)

1 (n=1)(1-p%) !
o + i To +n1.’ 2(Tp + 27¢

for all sufficiently small 7,. As a result, it follows from the expression of 5° that 5° — 0 as

Tu — 0. Moreover, from (19),

'y>n<1 n—1>_12n{79+nn+(n—l)(Tg—l—nTe)}_
51 fs p P

This implies that Var(0 —p) > +?/7, — oo as 7, — 0. Thus, the term at the RHS of (48) tends
to one as 7, — 0.

Since we have shown that 5° — 0, it follows from (47) and (22) that {\;+ &} and {\ + &}
are bounded and far away from zero. Part (ii) of Proposition 2 tells us that the limit of
(As + &) /(A1 + &) is greater than one as re+1m€ < Tejzn by noting that & —
and §1

—F—. Part (i) thus follows from (48).
Proof of (ii). We consider the term on the LHS of (48). We first show by contradiction that

_pr
o a8 Ty = 0

(2n—=3)(1—p°%) = 1, ie, f° = 0T = % as 7, — oo. Otherwise, it follows from (39) that

{As} is bounded, and then {\;} is bounded and away from zero by (22). Consequently, {z:} is
bounded by (42). As a result, o — 0, 5° — — 0 by (24) and (25), so that

(7—9 +m—

ﬁs . >\1+fl + 1

A1
A1+&1

—0

by (44), arising a contradiction since we have shown that the equilibrium parameter [ is
smaller than one, 3* € (0, 57). Hence, 8% — 1 as 7, — 0.

As shown in Proposition 1, we can show by contradiction that Ay — oo, and A\; — oo.
Considering these limits, (44), and (43), we can conclude that (n — 2)222/7, converges to a

finite positive number, denoted as d, and d satisfies the following equation:

1 d
+ _ retna 2
= ) 1 )
To + 27 + ———= Te— 7
0 € 1, d Te 7'15+n 2

To+nTe + (n— 1)(1 BT) 7—9+27—+

J
7'5 tr—2
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2n—4

from which and the relation 5" = =%, we get
~ 1 —1)? p
gt (n —1)%(19 + n7e) ‘ (50)
Te Bn —4)19 + (2n2 —n — 2)7,
It follows from (45) that
)\S + é-s )\s + és 1
M+ At - 1 & = (n—=1)(1-5") (51)
1t e T8 moaee e
on—1
 2n—3

since we have shown that Ay, — oo and 3* — B as 7, — oo. Hence, given that the limit of the
term on the LHS of (48) is a constant independent of any other parameters, we complete the
proof by the following two steps.

Step one: Here we show that the limit of the term on the RHS of (48) as 7, — oo strictly
decreases with 7y. To this end, we first give the limit of 7, and m as 7, — co. Note that we

have shown that 5° — B+, (n — 2)222/7, — d and A\; — co. It follows from (44) and (50) that

1

Te—

FECEDE:
Tg+2Te+ 1
1 +zj
7'5)\1 + (n—2)1e ' Tu
_ (rptnte)(M+&1) (n—1)(1-5%) 59
.= — (52)
A1+€1
1
T — -
1 Te 2n — 3 ¢ L4y
2 Tg+nT€ n—1 Tg+27’€+ﬁ
(n—2)7¢ + (n—2)2
=TT, < 00. (53)
We also have
Te (n_l)a‘i
- (20),(19) (rp+n7e)(M1+€1) As+Es
b 1 (=15
)\1+€1 )\5+£s
TeA1 _|_ ai
(2) (ro+nre)(M+&1) = 1-p°
A1 T 1

A1+61
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e 1 T
1, (n=2)23 7
- T€€ ul
ore +++Ls
TeAl + (n—2)Te ' Tu
(24) (ro+n1e)(M1+&1) 1-ps (54)
= B ] ,
A1+&1
which leads to
TeM + Te
(ro+nre) (a+60) (37 +1)
1+61 _3s 1 A
(1=p2) | ro+2ret 1 22 <A1+51+1)
(n—2)1¢ ' Tu

m™ = 1 (55)

+1
n—2)z2 A
e (Tle : T? S)(l A (7—9 27e 1 ) 23 ) (/\1-&51 1)

(n—2)7e " Tu

T 1 Te
(Te+n're)(1>\1+€1) (7_9 + 27 + 1 +z§) + 1-p8s

(n—2)1e ' Ty

1 1 A
WS(L_FM)(I_BS) + (7-9 + 27—6 + 1_;’_2%) (>\1+§1 + 1)

(n=2)1e ' Ty

Te (T9+2Te+ﬁ> +T€(2n—3)

To+NnTe
— ’ (n—2)76+(n:21)§
Tem - d

2(2n—3) Te 2n—3 Tetn-—2 1

14 d | 7ptnTe + o To+2Te+——Lb——— +2 (79 +27+ 1+zi)

T n—2 W+ﬁ (n—2)Te (n—2)2
=T <00 56

9

where the limit follows from 3* — 8%, (n — 2)222/7, — d, A — 00, and the limit of 7, given
by (53).
Now, we show that the limit of the term on the RHS of (48) as 7, — oo decreases with 7.

Using the limits of 7, and 7 and (n — 2)%22/7, by (53), (56) and (50), we have

(m 4+ (n — )7, — 1)2 N ™+ =D

Var(6 — p) = +

To Te Tu

. (71 + (n— )7, — 1)? +fr%+(n—1)fr§ Py
To Te

=: Vi(79), (57)
1

V 9 (2 =
ar(0y1, i, p] P i p— —
N ! V() (59)
=: T
T+ 2T 4 — L 23100

1 d
(n—2)7e + (n—2)2
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1
Var(0lys, ..., yns p| = Var(flys, ..., yn] = —: Via(p), 59
a0y, - yn, P = VarlOlys, ..yl = ———— = Va(7) (59)
as 7, — 0o. Hence, the term on the RHS of (48)
Var(0 — p) ~ Verlolyy gl Vilo) ~ Volr) .

Var<9 _p) _Va‘r[(9|y17y27"'7yn] ‘/1(7-9) - ‘/3<7—0>.

Applying (57), (58), (59)and the definition of d (see (50)), with some calculations we can see

that
Vi(19)—V3(T9

87'9

9 (Vl(Te)—Vz(T0)>
ZANY

is equivalent to

47.(n —1)3(n — 2)*

<0
(2n — 3)(879 + 67 — 11lnTy — dnTe + An’1y — 2027 + 2n37.)2

which is indeed true. Therefore, we complete the proof of this step.

Step two: Here we show that the limit of the term at the RHS of (48) as 7, — oo satisfies

the relation (48) as 79 — 0. First, we have

Var(0 — p) — Var[0|y, yi, p] = E[(0 — p)(E[0]y1, vi, p] — p)]

:E{

(1—m —(n—1)m)0 — me — 7y Z € — ’yu]

1=2

X {(ag +ai = (1 =) (m+ (n—1)m))0 + (o] — (1 = 5%)m)er + (o — (1 = °)ms)e;

—WAP—W)EZEf—U—BﬂW4}

J#{L}
=[1=m—(n-Dm)(a;+ 0] = (1= ) (m + (n = Dm))] /1o + (1 = B /7
+ [=milad = (1= 8%)m) = m(ag — (1= B%)m) + 75(1 = ) (n — 2)] /7., (61)

and

Var(0 — p) — Var[0|y1, yo, ..., yn] = E[(0 — p)(E[0|y1, ..., yn] — D)]
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:E{

=[1—=m — (n—1)ms)(nbre — (m1 + (n — 1)ms))] /79

(1 =m —(n—=1)m)f —me —WSZQ‘ —W]

1=2

X {(nbn — (m + (n — 1)my))0 + (b1 — m1)er + (b7 — 75) Zei - ’YU] }

(2

— [m(bre — ) + W (b1 — 7)) (n — 1)] /7 + 72/ 7w, (62)

where b = —~—. Then, applying (51), (61) and (62),

To+nTe

As + &
E
A+ &

(0 = p)(E[O|y1, - Yn, p] — )] — E[(0 — p)(E[0]y1, yi, p] — p)]

tends to

(= 1)1 = 3 [(1 = 71 = (0 = V)b, = (714 (0= D7)
= [i(br = 70) + (b7 = ) (0= D)) fre+ dﬁ}
{0 A - - DR+ a0 50 + 0= 070
+ [(@5 = (1= 798 = g - (1= 8708 + 8201 = B¥) (= D]+ (1 - 57002
o (L= 1 = (n = D ln(n ~ (1~ §)br, — &5 — 65 — (71 + (n — D)1~ B)n — 2],

— 121 =B (n—2)+m((n—1)(1 = B7)(bre — 1) — (&5 — (1 — BF)™))
+ 7y((n—1)2(1 = B (bre — 71y) — (&5 — (1 — B5)7,))]me + (1 — 81)(n — 2)d72r7g. (63)

We define d, 7,5, 71, &) and &f as the limit of d, 75, 71, & and &5 as 79 — 0. Then, the

term in (63) tends to

(n(n =11 = )1 — &1 — &) + (71 + (n = D7) *(1 = 57)(n - 2)
— (T4 (n = D7) (n(n — 1)(1 = B1)bre — &7 — &;) — (71 + (n — 1)) (1 — f7)(n — 2)
= (n(n—1)(1 = BH)bre — a7 — a3)[1 — (71 + (n — 1)7,)]

— (1 =) (n=2)(F1+ (n = DFH[L = (71 + (n — 1)7,)]. (64)
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Following from (20), (21), (19) and (22), we have

B 1 T (n—1)as
m (e = m = i+ 1 [(m Tt &) | (- D1 — )
(n— 1)1\ (n—1)as }
(g +nr) (M +&)  (n—1)(1—-p5%]

which implies

(- 1)7 L1, & n-1 . & (), @+
T n—Drg=—-1{-— = — .
! 2\n  1-p8* n 1— B+ 2

Therefore, (64) can be written as

(1 (i + (0= D7) (0= (1= %) = @+ ) = 50— 2)(1 = 5 + (@ +2)
= (1= (1 + (= D&)) [5(1 - 6%) = 5(61 +62)

=n(1—=p8")(1— (14 (n—1)7,))* >0,

which implies that the term in (64) is non-negative. This completes the proof. O

A4. Proof of Proposition 4

The proof is similar to that of Proposition 1, and then here we only present the proof outline
and omit the detail. To prove the equilibrium existence, we only need to show that the system
of equilibrium equations has a positive solution. Similar to (40), (41), (42) and using the

relation z, = ( we can first express all variables Ay, 7, z, and 7, as functions of the

variable 8", and then substitute them into the equation that ™ satisfies (similar to (43)) to
obtain a univariate equation of 5". Next, analyzing the two cases where 5" tends to 0 and "
tends to 1, respectively, and applying the intermediate value theorem of continuous functions,

we can show that the univariate equation of 5" has a positive solution, which in turn gives us

the equilibrium values of the other endogenous constants. 0
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A5. Proof of Proposition 5

Note that the institutional investor cannot beat the naive individual investors if and only if

&n
M +&

< (65)

*6|+6

Moreover, similar to the arguments given in the proof of Proposition 3, we can show that

oy = —5— and 3" — 0 (see (35) and (36)). Hence, from (33) and (31), we have
T4 %
(Te+n7_€)(>\l+§1) En . 7-6 Te
n — > , >0
! L (n=D{A=f") . {7‘9 +n71. 2(19 4 27.)(n — 1) }

A1+é1 &n

for all sufficiently small 7,. As a result, we have that " — 0 as 7, — 0. Moreover, from (31),

1 —1\ ! 3 -1 17!
72n(_jLn > Zn[79+n7+(n )(Tg+n7):| |
51 gn 1% p

as 7, — 0. Consequently, ¥,, and ¥; tend to one as 7, — 0.

In terms of the term at the LHS of (65), we have

gn . gn - 1 . 1
- én - N, 7 S S 1 To+27c
At 51 (n—1)(1-p") - él 1 v ﬁﬂL% n—1 + To+nTe
=D1=pm o+,

where the first equality follows from (34), and the limit follows from &, — ﬁ, note that

Thus, ~*2— is smaller than one if

similar to (49) z, 4 0 as 7, = 0, and & = —£—. S

1 T9—|—2T6
+

> 1,
n—1 T79+nt,

which is equivalent to

(n* —dn +2)7. /79 < 1.

The conclusion follows immediately. This completes the proof. O
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A6. Proof of Lemma 1

Since each investor only has prior information about fundamental and does not learn from
price, the optimal demands of institutional investor [ = 1, ..., k and naive individual investor

7 =k+1,...,n are respectively given by

e M+& a+& (66)
7 = —E(egn_ L= —é, (67)

where & =&, = pVar(0) = p/7y. Following from (66) and (67), the market clearing condition
ST+ > j—k1 T +nu =0 can be reduced to

__kp  (n—k)p
)\1_'_61 gn

—n( k —|—n_k>_1u—'u
=" \N+a e -

Furthermore, the price impact parameter satisfies

)\_(k—1+n—k)_1
AN+ S T G '

Then, the expected trading profits of institutional investor [ = 1, ..., k are given by

which indicates

©9) E[(0 —p)(E(0) —p)] _ E[-(0 —qyu)yu]

E[(0 = p)ai] A+ & A+ & (M + &)1

and the expected trading profits of naive individual investor j = k + 1, ..., n are given by

e @ B0 = p)(E@®) —p)] _ E[=(6 —yu)yu] _ 7’
E[(6 — p)j] ‘. ¢, EnTu

The completes the proof. 0
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Appendix B: Further Discussion

B1. Certainty equivalents

In the main content, we compare the trading profits of institutional investor with those of
sophisticated or naive individual investors. Here, we provide further discussion about certainty
equivalent since it can be treated as a risk-adjusted measure of investor’s performance. The

certainty equivalent of one strategic investor is given by

1
CFE = —; log (—E[— exp{—pz(0 — p)}])
1
= - log (—E[E(— exp{—pz(0 —p)}F)]), (68)
where F denotes the information set of the investor including the price p, x = % is the

optimal equilibrium demand, £ = p Var[f|F] is the risk-aversion-adjusted conditional variance,

and the second equality follows from the law of total expectation. Then it follows from (68)

)
E*(

that

= —% log <—E :— exp { p i+§|}—) + %215:2((5;5)|f) Var (0 — p|f)}])
= —1 log !

1+ 20558 Var[E(6 — pl.F)
= —1 log !

\/1 +2p );:%22 [Var(6 — p) — Var(6|F)]

1 A+E/2 )
=—log |1+ 2p———=|Var(@ — p) — Var(0|F)| |,
s 1oe (1 205 L V(9 - ) = V(617
where the penultimate equality follows from the law of total variance. We can similarly get
the certainty equivalent of one price-taking investor by setting A\ = 0 directly. We see that

CFE is a monotonic transformation of (’\)\155/)22 [Var(0 — p) — Var(0|F)], and consequently, it is
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reasonable to compare the measure (’\/\155/)22 [Var(0 — p) — Var(0|F)] for different investors. In

fact, we numerically find that all results in the paper also qualitatively hold under the new

risk-adjusted measure (’\/\155/)22 [Var(6 — p) — Var(6|.F)].

B2. Notes for Figure 2
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Figure 7: The impact of noise-trading volume on ratio of 1/ Var (0 — p) and the conditional
variance of 8 . The left panel plots how noise-trading volume 7,, (ranging from 0.01 to 100) affects 1/ Var(6—p),
while solid lines in right panel display how it affects investor i’s conditional variance Var[f|y:,y;, p] and dotted
lines represent investor 1’s conditional variance Var[f|yi,ys, ..., yn]. In each panel, red lines represent the results
under the setting that 7p = 25 and 7. = 5, and blue lines refer to the results when setting 7p = 100 and 7. = 1.

The other parameters are p = 2 and n = 10.

In Figure 2, due to the information advantage, the institutional investor always has a higher
information effect as indicated by the fact that the value of U, /W is always lower than 1. How-
ever, the relative strength of institutional investor’s information effect amplifies as 7, increases.
Intuitively, as 7, increases, price information becomes more informative. However, here the in-
formation effect is characterized as information efficiency. With relatively low 7,, the price be-
comes too noisy. To sum up, as shown in Figure 7, Var(6—p) — oo and Var[0|y;, y;, p| is bounded
as 7, — 0. Given that Var[f|yi, ya, ..., y») is a constant, both Var(0 —p) — Var([0|y1, ya, ..., yn] and
Var(6 — p) — Var|f|y, y;, p| are dominated by Var(é — p) as 7, — 0, and thus ¥,/¥; — 1. For
the case 7, — 00, we know that Var(6 — p), Var[0|y1, ya, ..., yn] and Var[f|y;, y;, p|] are bounded,
and note Var[0|y1, vz, ..., yn] < Var[f|y1, y:, p], we can see that ¥,/W¥; is bounded above by one.
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B3. Robustness check

Here we show the robustness of the conclusions in the main body. From Figures 8 and 9, we
can see that our conclusions about the ordering of trading profits of the three types of investors
discussed earlier is robust with respect to m in the general model with the coexistence of three

types of investors.
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Figure 8: Panel a show the effect of m on the trading profits of the three types of investors when n = 10 and
the value of 7, from left to right are 1 and 100. Panel b display the effect of m on the trading profits of the
three types of investors when n = 30 and the values of 7, from left to right are 1 and 100. The other parameter

values are 79 = 100,7. = 1 and p = 2.

Figures 8 and 9 both show how the trading profits of the three types of investors are affected
by the level of sophistication m in the market. In the two figures, we both consider the cases

n = 10 and n = 30, respectively (as n = 10, m takes values from 0 to 9, and as n = 30, m
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takes values from 0 to 29), and the two cases of 7, = 1,100 for Figure 8 and three cases of
7. = 0.001, 1,100 for Figure 9, respectively (see panel a and panel b in Figure 8 and 9 from left
to right, where n = 10 in panel a and n = 30 in panel b). The only difference between Figure 8
and 9 is that in Figure 8 we let 79 = 100 and 7. = 1, but in Figure 9 we let 7p = 25 and 7. = 5.
Combining Figures 8 and 9, we find that the level of sophistication m can only affect the value
of the trading profits of the three types of investors, but not the ordering of the trading profits
of the three. In other words, our conclusions about the ordering of trading profits of the three

types of investors discussed earlier is robust with respect to m.
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Figure 9: Panel a show the effect of m on the trading profits of the three types of investors when n = 10 and
the value of 7, from left to right are 0.001,1 and 100. Panel b display the effect of m on the trading profits of
the three types of investors when n = 30 and the values of 7,, from left to right are 0.001, 1 and 100. The other
parameter values are 7p = 25,7 =5 and p = 2.

48



Yang, Kang, and Lou: Can institutional investors always beat individual investors?

References

Anthropelos, M. and Robertson, S. (2024). Strategic informed trading and the value of private
information. Awvailable at arXiv 2404.08757.

Banerjee, S. (2011). Learning from prices and the dispersion in beliefs. Review of Financial

Studies, 24(9):3025-3068.

Banerjee, S., Kaniel, R., and Kremer, 1. (2009). Price drift as an outcome of differences in

higher-order beliefs. Review of Financial Studies, 22(9):3707-3734.

Basak, S. and Buffa, A. M. (2019). A theory of model sophistication and operational risk.
Available at SSRN 2737178.

Boehmer, E., Jones, C. M., Zhang, X., and Zhang, X. (2021). Tracking retail investor activity.
Journal of Finance, 76(5):2249-2305.

Campbell, J. Y., Ramadorai, T., and Schwartz, A. (2009). Caught on tape: Institutional trad-

ing, stock returns, and earnings announcements. Journal of Financial Economics, 92(1):66—

91.

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

Eyster, E., Rabin, M., and Vayanos, D. (2019). Financial markets where traders neglect the

informational content of prices. Journal of Finance, 74(1):371-399.

Glebkin, S., Malamud, S., and Teguia, A. (2023). Illiquidity and higher cumulants. Review of
Financial Studies, 36(5):2131-2173.

Grossman, S. and Stiglitz, J. (1980). On the impossibility of informationally efficient markets.
American Economic Review, 70(3):393-408.

Han, B. and Yang, L. (2013). Social networks, information acquisition, and asset prices. Man-

agement Science, 59(6):1444-1457.

49



Yang, Kang, and Lou: Can institutional investors always beat individual investors?

Kacperczyk, M. T., Nosal, J., and Sundaresan, S. (2023). Market power and price informative-
ness. Available at SSRN 3137803.

Kovalenkov, A. and Vives, X. (2014). Competitive rational expectations equilibria without

apology. Journal of Economic Theory, 149:211-235.

Kumar, A. and Lee, C. M. (2006). Retail investor sentiment and return comovements. Journal

of Finance, 61(5):2451-2486.

Kyle, A. S. (1989). Informed speculation with imperfect competition. Review of Economic

Studies, 56(3):317-356.

Kyle, A. S. and Wang, F. A. (1997). Speculation duopoly with agreement to disagree: Can

overconfidence survive the market test? Journal of Finance, 52(5):2073-2090.

Lou, Y. and Rahi, R. (2023). Information, market power and welfare. Journal of Economic

Theory, 214:105756.

Lou, Y. and Yang, Y. (2023). Information linkages in a financial market with imperfect com-

petition. Journal of Economic Dynamics and Control, 150:104643.

Malikov, G. and Pasquariello, P. (2022). Quants, strategic speculation, and financial market

quality. Awailable at SSRN 3890275.

Mondria, J., Vives, X., and Yang, L. (2022). Costly interpretation of asset prices. Management
Science, 68(1):52-74.

Nezafat, M. and Schroder, M. (2023). The negative value of private information in illiquid
markets. Journal of Economic Theory, 210:105664.

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

Rahi, R. and Zigrand, J.-P. (2018). Information acquisition, price informativeness, and welfare.

Journal of Economic Theory, 177:558-593.

Zhou, H. (2022). Informed speculation with k-level reasoning. Journal of Economic Theory,

200:105384.

50



	Introduction
	The Model
	Equilibrium Characterization
	Sophisticated Individual Investors
	Equilibrium
	Market-implied risk aversion: Risk effect
	Expected trading profits: information v.s. risk effect

	Naive individual investors
	Equilibrium and expected trading profits
	Why the institutional investor underperforms?
	Generalized equilibrium: Impact of increasing sophistication

	Conclusions

