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We develop a model of information and portfolio choice in which ex ante identical invest-
ors choose to specialize because of fixed attention costs required in learning about secu-
rities. Without this friction, investors would invest in all securities and would be indifferent
across a wide range of information choices. When securities’ dividends depend on an
aggregate (macro) risk factor and idiosyncratic (micro) shocks, fixed attention costs
lead investors to specialize in either macro or micro information. Our results favor
Samuelson’s dictum that markets are more micro than macro efficient. We derive testable
predictions from our model and find empirical support for our predictions in specialization
by U.S. equity mutual funds. (JEL G12, G14, G23)
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Skilled investors specialize. Fund managers typically invest in stocks or
bonds, but not both. Some look for value stocks and others look for growth
stocks. Equity analysts focus on a sector and follow a limited number of
companies. Some investors focus on marketwide information, whereas others
gather company-specific information. Among hedge funds, for example,
global macro funds look for broad trends, whereas equity long-short funds
seek to hedge out changes in the overall market.
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An evident reason for specialization is the time and effort required to learn
about each investment opportunity. Yet a common prediction of many mod-
els of investor decisions, including all representative agent models, is that all
investors hold the same portfolio, or at least that differences in holdings may
be ignored in determining asset prices.

We develop a model of investor information acquisition and portfolio
selection in which ex ante identical investors choose to specialize in equilib-
rium. Their decision to specialize is driven by fixed attention costs associated
with investing in each security; these fixed costs are the key friction that drives
our analysis. Moreover, the resultant specialization takes a specific form:
some investors acquire only macro information, whereas other learn only
about a single stock, which alternatively could be interpreted as a single
sector. The impact of investor specialization is reflected in equilibrium asset
prices.

We contrast our specialization results with a benchmark framework that
lacks our key friction. In the benchmark framework, investors first decide
whether to pay to become informed or to remain uninformed. Becoming
informed grants an investor a limited capacity to acquire information about
dividends beyond what is available in security prices. An informed investor
chooses a consideration set of securities and a set of signals, subject to the
capacity constraint, and then sets demands for securities in the consideration
set based on the signals. We assume normally distributed payoffs and signals
and CARA preferences.

Within this benchmark framework, we show that informed investors al-
ways prefer larger consideration sets. This conclusion is not obvious because
with a smaller consideration set an informed investor can potentially acquire
more precise signals about fewer securities. Nevertheless, we show that no
investor has reason to specialize. We show this first in a general model of
security payoffs and then apply the result when the payoffs have a factor
structure, in which each stock’s payoff depends on a common (macro) factor
and a stock-specific (micro) shock. Investors can trade the macro factor
through an index fund.

We then introduce our key friction, the fixed attention costs for informa-
tion acquisition. We introduce an important asymmetry between macro and
micro information. With individual stocks, investors incur a fixed attention
cost (consuming part of their information capacity) for each stock they con-
sider. With the index fund, investors can costlessly make inferences from the
price of the fund; they incur a fixed attention cost only in acquiring informa-
tion beyond the price.

Our asymmetric treatment of micro and macro information is motivated
by the observation that information about the overall level of the stock mar-
ket is widely available and widely discussed in the media. In contrast, most
people know little about most public companies; acquiring even basic infor-
mation about individual stocks consumes some attention.
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With these frictions, we show that specialization is a necessary condition
for an informative equilibrium, meaning an equilibrium in which informed
investors collectively learn something about every security’s payoff. Informed
investors concentrate in two types: the macro-informed who learn about the
macro factor and trade only in the index fund; and the micro-informed, who
learn about a single stock and trade in that stock and the index fund. An
informative equilibrium may also contain oblivious investors, who trade
stocks without learning about fundamentals. The main alternative to an in-
formative equilibrium is a scenario in which a/l investors are oblivious, result-
ing in prices uncorrelated with dividends.

Having established that specialization is a necessary property for an infor-
mative equilibrium, we then show that such an equilibrium indeed exists
through an explicit construction of market-clearing prices and optimal infor-
mation and portfolio choices by investors. Security prices are not fully re-
vealing due to the presence of exogenously specified supply shocks. We
identify restrictions on the cost of becoming informed and the attention
cost parameters under which all investors endogenously choose to be
macro-informed, micro-informed, or uninformed investors who invest solely
in the index fund. In particular, no investor will choose to be oblivious.

We calibrate the model’s parameters to plausible values using market data.
With this calibration, we compare measures of our market’s macro-efficiency
and micro-efficiency, based on the informativeness of prices. Interestingly,
over a wide parameter range, the model supports what Jung and Shiller
(2005) call Samuelson’s dictum, the idea that the stock market is more
micro-efficient than macro-efficient. We analytically characterize the bound-
ary of the parameter region between micro and macro efficiency and show
that the tendency toward micro efficiency is a general result independent of
most of the model’s parameters.

This outcome is perhaps surprising in our setting because we attach a lower
attention cost to macro information than micro information. But this very
asymmetry drives the result by keeping the uninformed out of the market for
individual stocks, thus leading to specialization. Specialization allows micro
informed to be the sole liquidity providers for micro supply shocks, whereas
macro informed share in liquidity provision for macro supply shocks with
other agents who learn about macro fundamentals from the index price. This
creates an incentive to become micro-informed, despite the higher attention
cost associated with micro information. At the same time, the higher fixed
cost of micro information forces micro prices to be more informative than the
index price to allow the micro informed to fully utilize the information con-
tent of their signals.

We test predictions from our model through an analysis of U.S. equity
mutual fund holdings, focusing on the question of investor specialization. We
think of fund managers as informed investors who incur fixed attention costs
in adding stocks to their portfolios. To control for the effect of ordinary
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transaction costs, we introduce a novel measure, percent bought new (PBN),
which looks at the number of stocks bought by a fund in a quarter and
measures the proportion that are new to the fund, relative to the proportion
of all stocks in which the fund is not invested. In the absence of specialization,
we would expect a PBN close to one.

Our model makes four predictions that are testable in the fund data: (1) If
there were no attention costs, mutual funds would prefer larger consideration
sets; (2) because of attention costs, mutual funds typically have low PBNS; (3)
because of a declining cost in becoming informed, PBNs have decreased over
time; and (4) funds with lower PBNs have higher returns. We find that most
funds invest in a relatively small number of stocks, which argues in favor of
attention costs in (1). We find strong evidence supporting (2)—(4). In the case
of (4), we find that funds in the lowest-PBN quintile earn 1.5%-2% higher
annualized returns than funds in the highest-PBN quintile. This result is not
driven by fund characteristics, but rather reflects the underlying informa-
tional disadvantage of large consideration sets.

Our work bears on several lines of research. Our model of limited infor-
mation capacity draws on the rational inattention literature, as in Sims (2011)
and Mackowiak and Wiederholt (2009). Peng and Xiong (2006) combine an
investor attention allocation problem with a distinction between macro and
micro information; their model features a representative investor and does
not incorporate heterogeneous information choices. Our theoretical conclu-
sions contrast with the work of Kacperczyk, Van Nieuwerburgh, and
Veldkamp (2016), which also allows informed (or skilled) investors to choose
signals and portfolios. Their equilibrium does not require specialization, and
they focus on the case of a symmetric equilibrium in which all skilled investors
make identical choices. Some of our indifference results in the benchmark
framework generalize a partial equilibrium comparison with fixed (uninfor-
mative) prices in Van Nieuwerburgh and Veldkamp (2010), but their work
does not consider comparisons with different consideration sets, nor does it
consider fixed attention costs.

In Peng and Xiong (2006), investors allocate more attention to sector or
marketwide information and less attention to firm-specific information.
Their conclusion contrasts with ours (and with the Jung-Shiller discussion
of Samuelson’s dictum) because in their setting a representative investor
diversifies away all micro uncertainty. Garleanu and Pedersen (2018, 2021)
extend the Grossman and Stiglitz (1980) model to link market efficiency and
asset management through search costs incurred by investors in selecting
fund managers, and they find that micro portfolios are more price-efficient
than macro portfolios. The investors in Garleanu and Pedersen (2018, 2021)
“make an all-or-nothing” information choice to acquire an exogenously
specified signal about all asset payouts: all their informed investors have
the same information by assumption, while our focus is on how informed
investors endogenously specialize in their information choices. Schneemeier’s
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(2015) model predicts greater micro- than macro-efficiency when managers
use market prices in their investment decisions. Bhattacharya and O’Hara
(2016) and Glosten, Nallareddy, and Zou (2020) study a model with an
exchange-traded fund (ETF), as well as macro- and micro-informed agents.
The ETF has higher liquidity than its constituent stocks, which prevents its
price from equaling that of the underlying security basket. In this setting,
ETF prices can be informative about individual stock prospects, a dynamic
that is absent in our model in which agents are atomic and trade with no price
impact.

Our empirical results are consistent with the finding of Kacperczyk, Sialm,
and Zheng (2005) that mutual funds with higher industry concentrations
perform better. But our PBN measure is agnostic to a stock’s industry.
Within a large fund complex, a fund manager may draw on the expertise
of the complex’s industry analysts, forming a portfolio that is spread across
multiple sectors but concentrated within sectors, reflecting the stocks fol-
lowed by each analyst. The analysis of Kacperczyk et al. (2005) is based on
data ending in 1999; ours uses more recent data and examines trends over
time. Although Kacperczyk et al. (2005) do not propose a model predicting
concentration, they note the likely role of informational advantages, which
would be consistent with our work. Our 1.5%-2% return differential be-
tween low and high PBN funds is of the same order of magnitude as past
findings of mutual fund return predictability." Kacperczyk et al. (2005) doc-
ument that funds with high industry concentrations earn roughly 1.1-1.2%
higher returns than funds with low industry concentrations. Carhart (1997)
documents that the risk-adjusted return differential between past winning
and past losing funds is around 3.4% per year, though this is caused largely
by the poor performance of past losing funds. Daniel et al. (1997) find that the
top-performing fund category by their selectivity measure—aggressive-
growth funds—owns stocks that outperform a characteristic-based bench-
mark by 1.5% per year. Ferson and Mo (2016) document a before-fee annual
return differential between stocks held by funds with selection ability versus
stocks held by funds without selection ability of 0.3% for value weighted and
2.6% for equal weighted risk-adjusted returns.

Our model sheds light on why mutual funds hold concentrated portfolios,
and on why they face diminishing returns to scale. Koijen and Yogo (2019)
note that “institutions hold a small set of stocks and that the set of stocks that
they have held in the recent past (e.g., over the past 3 years) hardly changes
over time.” In our setting, such behavior is optimal in the presence of fixed
attention costs. Berk and Green (2004) and Berk and van Binsbergen (2015)
assume that mutual fund managers face decreasing returns to scale, with

The results hold with either gross or net of fee returns, as well as with either raw returns or risk-adjusted returns,
where the risk adjustment uses either the market factor or the Fama and French (2015) five-factor model
augmented with momentum.
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returns diminishing as fund size grows. Berk and Green (2004) offer one
potential explanation: “with a sufficiently large fund, a manager will spread
his information gathering activities too thin.” In our framework, if a large
fund approaches liquidity limits for investing in a concentrated portfolio and
begins to expand its consideration set in order to grow, the incurred attention
costs will use up information capacity and lead to worse performance.

. Benchmark Model of Portfolio and Information Choice

This section presents a benchmark model against which to compare the main
results we will introduce later. The setting can be viewed as a multivariate
version of Grossman and Stiglitz (1980), similar to that in Admati and
Pfleiderer (1987) and many others, combined with an information capacity
constraint similar to constraints used in the rational inattention literature and
related work (e.g., Mondria 2010, Peng and Xiong 2006, Sims 2011, and Van
Nieuwerburgh and Veldkamp 2009). We show that within the benchmark
model, informed investors are indifferent to their choice of information, and
they prefer to consider investments in more assets rather than focus their
attention on fewer assets. In short, this framework provides no incentive for
specialization in information or investments. We establish these results in a
general setting and then specialize to a factor structure for assets with a
common (macro) factor and idiosyncratic (micro) shocks. We present these
results as a contrast to Section 2, where we introduce an information friction
that leads to the opposite conclusion, with investors specializing in macro or
micro information and investments.

1.1 Indifference to information choice

We assume throughout that all investors have constant absolute risk aversion
(CARA) preferences with the risk-aversion parameter y > 0: the expected
utility of terminal wealth W is

J=—E[e "] (1)

A financial market trades N risky securities with with payoffs Yi,..., Yy
at the end of the period and prices Py,,..., Py, at the beginning of the
period. A single riskless asset pays a gross return of R > 1 over the period.
At this point, we do not specify how prices are determined. We have in mind a
setting in which prices are informative about payoffs, but not fully revealing.
We make the following normality assumption, but no assumptions about
independence:

(a0) Normality: (Yy, Py,,..., Yv, Py,) are jointly normal.

Investors observe market prices costlessly. They may choose to acquire
additional information about the security payoffs at a cost ¢ > 0. Additional
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information takes the form of a set Z of random variables, which we call
signals. At this point, we can keep the types of signals available general and
simply strengthen (a0) as follows:

(al) Normality with signals: (Y, Py,,..., Yy, Py,,Z) are
jointly normal.

We will measure the informativeness of a signal set Z through the resultant
reduction in uncertainty about security payoffs. To make this explicit, let

> :COV[Yl,...7 YN|PY1;~~»PYN]

and

~

b :COV[Y“...,YNlpyl,...,PyN,I].

The covariance matrix X reflects the payoff uncertainty faced by an investor
who conditions on prices. Its determinant |Z| provides a scalar summary of
this uncertainty. Similarly, the determinant |X| measures the posterior un-
certainty after observing the signals 7 as well as prices. Assuming |Z| > 0, we
measure the informativeness of 7 through the variance reduction ratio
|X|/|Z|. The smaller this ratio, the more informative the signal set.” In the
case of a single security, this ratio becomes V[Y|Py, Z]/V[Y|Py], where V[]
denotes variance; if £ and X are both diagonal matrices, the ratio of their
determinants becomes a product of similar terms.

Investors may choose to acquire information at a cost ¢ > 0. Paying this
cost endows an investor with capacity k € (0,1). This capacity allows the
investor to select any signal set for which

™)

> K. 2

™

In other words, the capacity x limits the informativeness of the signals
available to the investor, with smaller x allowing greater informativeness
(more variance reduction).® A smaller x should therefore be interpreted as
greater capacity. We will say that a signal set uses the investor’s full capacity if
equality holds in (2).

After choosing a signal set, an informed investor chooses an optimal port-
folio. See Figure 1 for a summary of the timeline. We consider an atomistic
investor whose choice does not affect prices. To evaluate the resultant

The ratio |2|/|Z| can be interpreted as a multivariate analog of 1 — R? in a multivariate regression of (Y7, ...
,Yy)on (Py,,..., Py,,T). Alower bound on the ratio is thus an upper bound on the informativeness of the
signals. The determinant ratio also arises naturally when attention capacity is measured through entropy, as in
Section 3.1 of Sims (2011).

An alternative formulation would constrain ratios of the form V[Y|Py, Z]/V[Y], with ex ante uncertainty in the
denominator. The alternative formulation implies that learning from prices consumes capacity, whereas in (2)
only learning beyond prices consumes capacity. We return to this point at the end of Section 2.1.
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Time 0 Time 1 Time 2

e Agents seek to maximize e Signals and prices are realized e Securities pay dividends Y;
expected time 1 utility,
ie. E{—E[e™"V|Z]}

e Agents choose whether to

e Informed observe signals o Agents realize utility —e ="

e Everyone observes prices

e Agents submit porfolio choices
as function of their information
7 to maximize —E[e™""|Z]

acquire capacity s at cost ¢

e Informed choose signal
sets subject to capacity

Figure 1

Model timing

expected utility, we need the unconditional mean and covariance of the net
payoffs,

p=E(Y, —RPy,,...,Yy— RPy,)",
and

¥ =cov[Y; — RPy,,..., Yy — RPy,].
We require the following condition:

(a2) T and ¥ - £ are positive definite, for all signal sets Z
available to investors.

Having by positive definite (and therefore also X) ensures that prices and
signals are not so precise that they render some portfolio of risky assets risk-
less. The last part of (a2) ensures that the conditioning information in X is not
vacuous. Under these minimal conditions, investors are indifferent between
focusing their information acquisition or spreading their capacity widely:

Proposition 1.1 (Indifference to information choice). Under (al), an in-
formed investor is indifferent among all signal sets that satisfy (a2) and
use the investor’s full capacity.

Proof. A direct application of Proposition 3.1 of Admati and Pfleiderer
(1987) shows that under (a2) the squared expected utility for an informed
investor is given by

S| g
S = 8270|—e”‘ Yo 3)
[P

where ¢?¢ reflects the utility loss from paying the cost ¢ to become in-
formed. For any signal set that uses the full capacity x, we have equality
in (2), so we may replace |X| with k|Z| to get

e 12| et
J2€2VLK||\P||€ wY u’

which does not depend on the choice of signals. O

4)
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Since maximizing investor utility in (1) is equivalent to minimizing (3),
using the full information capacity is optimal. Van Nieuwerburgh and
Veldkamp (2010) prove a similar indifference result in the special case that
prices are constants and thus not informative about payoffs.

We can gain further insight by specializing Proposition 1.1 to the case of
independent payoffs and prices and considering an increasing number of
assets N. Suppose (Y1, Py,),...,(Yn, Ps,) are i.i.d. The matrices £ and ¥
are then diagonal, and (4) simplifies to

> e [ VIYPy] (E[YRPY])Z/V[YRPy]> N
J =e K(i\/[Y—RPy]e , (5)
where (Y, P) has the common distribution of the (Y;, Py,). The variance ratio
in (5) never exceeds 1. Also, (E[Y — RPy])*/V[Y — RPy] > 0. It follows that
J?in (5)is nonincreasing in N. A smaller value of J? implies a greater expected
utility because J is negative. Thus, given the choice to participate in a market
with N securities, the investor prefers® to take N as large as possible and is
indifferent to the information gained about these securities, as long as the
information uses the investor’s full capacity k. The investor has no incentive
to specialize in the choice of securities or information.

1.2 Utility of uninformed investors
Our main focus at this point is the allocation of information processing ca-
pacity for an informed investor. In anticipation of a later discussion regarding
the decision to acquire capacity in the first place, we digress to consider the
expected utility of the uninformed.

An uninformed investor avoids the cost ¢ of becoming informed but has no
capacity to acquire signals. For the uninformed, the posterior covariance X
always equals Z. (Equivalently, we can think of an uninformed investor as
having k = 1.) As Z is conditioned on prices, the uninformed learn from
prices, but they do not learn more than the information in prices. Thus, for an
uninformed investor, the squared expected utility (4) becomes

2 _ Bl ey
Ty =g . ©)

Comparing this expression with (4), we see that the value of becoming in-
formed depends on the cost of capacity: remaining uninformed is preferable
to becoming informed if capacity is expensive, in the sense that e*“x > 1.

1.3 Preference for larger consideration sets
We noted that in the i.i.d. case (5), investors have no incentive to focus on
a subset of securities. We now show that this holds more generally to

* This preference is strict if either E[Y — RPy] = 0 or V[Y|Py] < V[Y — RPy].
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contrast this setting with the information frictions we introduce in
Section 2.

By a consideration set C we mean a subset of the securities. Restricting
attention to a subset of securities may be beneficial if it allows an investor to
acquire more precise information about a fewer payoffs. Suppose C = {
Yi,....,Yp}forl < K< N-—1landije{l,...,N}. Let

Ze=cov[Yi,..., Yie|Py, ..., Py,], @)
and, for any signal set Z, let

~

Ze=cov[Yi,..., Yi|Py, ..., Py, . I]. 8)

An informed investor with consideration set C faces the capacity constraint
Zc]

i )
el

We do not require that Z contain information about every security in the
consideration set. For example, an investor could apply the full capacity « to
learning about a single security and invest in the other securities in the con-
sideration set as an uninformed investor who conditions only on prices.

It is not immediately obvious how the constraint in (9) compares with (2).
The denominator in (9), based on a subset of securities, could be larger or
smaller than the denominator in (2) for the full set of securities. This opens the
possibility that a signal set Z could satisfy (9), but not (2), meaning that an
investor could acquire more precise information by focusing on a subset of
securities. An example helps illustrate this point. We compare consideration
sets { Y1} and { Y, Y»}, with independent payoffs Y;. Suppose for simplicity
that the prices Py, P> are independent of the payoffs and may be ignored. Let
T, ={X,, Y}, where X, has correlation p with ¥, and is independent of Y>.
Then the determinant ratios for the two consideration sets become

VN, Yol _ o VIYilX, D]V[Y)X,, Y]

Vg VIV

The signal set 7, is thus infeasible for the larger consideration set (assuming
x > 0) but, depending on the value of p, could be feasible and very informa-
tive for the smaller consideration set.

Enlarging the consideration set thus has the benefit of expanding an invest-
or’s portfolio choices, but the potential downside of changing the set of fea-
sible signals. The net effect is ambiguous, so we compare expected utilities.
For a consideration set C = {Y,,..., Y, }, let

pe=E(Y, — RPy,,...,Yi, — RPy,)',

i

and

10
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Y. =cov[Y;, — RPy

i

..., Yy — RPy, |.
We restrict attention to information sets satisfying
(a3) Tcand e — ¢ are positive definite.

In several places, we state conclusions that rely on informed investors being
able to fully utilize their information capacity. To avoid repetition, we will
assume that a sufficiently rich set of signals is always available to meet this
condition, so investors are merely constrained by their capacity k: investors
never learn everything that can be known.

(a4) Signal availability: for any consideration set C and any
€ € (0, 1), there is a signal set 7 satisfying (a3) for which
the posterior covariance satisfies [Z¢|/|Z¢| = e.

Proposition 1.2 (Preference for larger consideration sets). Suppose (al),
(a3), and (a4) hold. The squared expected utility for an informed investor
with consideration set C is given by

X Ty
Ji= ez/LK||lP—2|e_ﬂclyclﬂc. (10)

IfC CC, then J5 > J2,, so the investor prefers the larger consideration set C'.

This result generalizes the conclusion we reached in the i.i.d. case using the
expression (5) for squared utility under the i.i.d. assumption. Proposition 1.2
shows that regardless of the covariance structure and regardless of the types
of signals, investors prefer larger consideration sets and are otherwise indif-
ferent to information choices: there is no incentive to specialize. We view this
as a negative result, in the sense that it shows that this approach to informa-
tion choice does not lead to interesting conclusions. These observations lead
us to introduce information frictions in Section 2. To put these frictions in
context, we first introduce a factor structure to the securities.

1.4 Factor structure: Macro and micro shocks
The market trades N stocks with payoffs

Lll':M/—‘rS;-, i:1,...,N,

with M, S}, ..., Sy mutually independent and normally distributed, and S}
,-.., S identically distributed. We think of M’ as a common macro factor
and the S} as stock-specific risks, though we will modify this formulation
shortly. We let E[M'] = /2 and assume E[S!] =0, i=1,..., N, consistent
with the interpretation of .S} as idiosyncratic.

11
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The market also trades an index fund. One share of the index fund holds
1/N shares of each of the N stocks. The fund’s payoft is therefore

1 e R e
uF:NZu,-:M’JrS/, with s':NZS;. (10
i= =

This expression makes clear that the sample mean S is an undiversifiable
common factor of the stock returns and is therefore more appropriately
treated as part of the macro factor. We therefore move this component
into the macro factor by setting

/

M=M+S§, S=8-5,i=1,...,N. (12)

This reformulation allows us to write
ui:M+S,', izl,...,N, (13)

without changing the stock payoffs — we have only adjusted the decompo-
sition into macro and micro components, M and S;.
With this formulation, the payoff of the index fund is

N
i=

1 & o1
up:NZui = M, because S:NZ S;=0. (14)
=1 T

Thus, we have gained two important benefits: the payoff of the index fund is
now exactly the macro factor, and the micro shocks S; are fully diversifiable,
in the sense that S = 0. The micro shocks are still uncorrelated with the
macro shock because

E[MS] = E[(M' + §)(S; - §')] = E[S'S] - VIS'| = VIS}}/N ~ V[S]/N
= 0.

The micro shocks Sy, ..., Sy are not independent of each other but they are
exchangeable, meaning that permuting their order does not change their joint
distribution.’ In particular, all pairs of micro shocks have the same correla-
tion, which evaluates to

corr[S;, S;] = —-1/(N—1), i=}. (15)

We write 0% = V[S] and 63, = V[M].°

The same idea has been used to formulate the capital asset pricing model (CAPM) with a finite number of
securities, as in Ross (1978), Chen and Ingersoll (1983), and Kwon (1985), ensuring that idiosyncratic risks are
fully diversifiable.

Equation (15) follows directly from (12). But it is also a general property of exchangeable random variables that
add to a constant: the correlation between any two such variables is —1/(N — 1). Furthermore, exchangeable
random variables must have a common mean.
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If we worked instead with the initial formulation (11), the payoff of the
index fund M’ + S’ would be correlated with the stock-specific shocks S,
which would undermine the distinction between macro and micro payoffs.
We prefer to make the index fund a pure position in the macro factor M,
which is uncorrelated with the S;, and to have the S; fully diversifiable, in the
sense that S = 0.

This reformulation avoids a further difficulty that we would otherwise
have to deal with once we introduce prices. Write Pr for the price of the
index fund, P; for the price of the ith stock, and Pg, for the price of the ith
hedged security, which is long stock i, short the index fund, and has payoff
u; — up. The price of this hedged security is Ps, = P; — Pr. Absence of arbi-
trage requires

1 Y 1 X
PF:NZ:P,-:PFJFNZPSN (16)
i= i=

and thus >, Ps,/N = 0. In other words, the average price of the hedged
securities must be identically zero. This would be a difficult condition to
impose if the hedged payoffs were independent, but it becomes natural in
our setting because the average of the hedged payoffs S; is identically zero.
The absence of arbitrage makes exchangeability, rather than independence,
the natural condition for the hedged securities and their prices. Next, we will
show that utility calculations are about as straightforward in the exchange-
able setting as in the independent case.

1.5 Expected utility with macro and micro shocks
Because the index fund holds a portfolio of the N stocks, the market of N + 1
securities is spanned by any N of the securities, and we may assume that no
investor invests in more than N securities. To simplify the analysis, we will
assume from now on that investors directly trade in the index fund and the
hedged (or micro) securities, so they have access to securities with payoffs
M,S,,...,Sy. Noinvestor invests in more than N — 1 of the micro securities
S; because the Nth would be spanned by the others.

More generally, we distinguish two types of consideration sets, based on
whether they include M. A consideration set consisting of K hedged securi-
ties, 1 < K < N — 1, has the form

Cox = {Sis--»Sic}; (17)
with the index fund included and 0 < K < N — 1, it takes the form
Cixk={M,Si,....,Si}. (18)

We will refer to these sets as having type (0, K) or (1, K).
Once we restrict ourselves to any of these consideration sets, the covariance
matrix of the payoffs has full rank, and we are in the general setting of
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Section 1.1. However, the factor structure provides additional simplification.
We will use the following condition:

(a5i) Macro-micro independence: (Si, Ps, ), ..., (Sw, Ps,) are
independent of (M, Pr);

(a5ii) Exchangeability: (S, Ps,), - .., (Sy, Ps,) are exchangeable.

These properties hold for M, S, ..., Sy because of the factor structure we
introduced in Section 1.4. The content of (a5) is the extension of the same
structure to include prices. When we have exchangeability, we often use (.S,
Py) to refer to the common distribution of any of the (.S}, Ps,). We construct
an equilibrium in which (a5) holds in Section 3.

A general implication of (a5) is that hedged securities have zero expected
risk premiums, or

E[S; — RPs] = 0. (19)

The no-arbitrage condition in (16) implies that > ; Ps, =0, and then
E> , Ps, =Y ,EPs, = 0. Exchangeability implies that all Pg, have the
same mean, which must then be zero. Finally, ES; = 0 by construction.

Given our factor structure, the next proposition shows that expected util-
ities have the same form as in the i.i.d. case in (5). This greatly simplifies our
subsequent analysis of the impact of information frictions. However, in the
absence of such frictions, the imposition of a factor structure leaves the in-
formation indifference result unchanged. Consistent with the discussion fol-
lowing (2), we say that an investor with consideration set C uses the full
capacity « if equality holds in (9). The signal availability condition (a4)
ensures that using the full capacity is always feasible.

Proposition 1.3 (Expected utilities in factor model). Suppose conditions
(al) and (a3)—(a5) hold and consider an informed agent who uses the full
capacity k. The agent’s expected utility with consideration set C depends
on C only through its type, (0,K) or (1,K). For a consideration set of

type (0, K),
(VISP \*
2 — 2y¢
fox=e K(V[S—RPS]> ' (20)

And for a consideration set of type (1, K),

VM| Pr] ( VI[S| Ps] )K
V[M — RP;] \V[S — RPs]) ’
Or = (E[M — RP#))*/VIM — RPy].

Jf K= eFceOF

e2y)
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In (20) and (21), squared expected utility factors as if we had independence.
These expressions are analogous to the i.i.d. case in (5) because, under (a5),
¢ and ¥, have the same correlation matrix, so the correlations effectively
cancel when we take the ratio of their determinants in (4). One difference
between (20) and (21) and the i.i.d. result in (5) is that (20)~(21) reflect the zero
risk premium condition in (19). The risk premium from the macro factor
appears in Qrin (21).

Moreover, it is evident from (20) and (21) that, given a consideration set,
an informed investor is indifferent to the choice of information set (among
signals that use the investor’s full capacity), and investors prefer larger con-
sideration sets over smaller ones.” These conclusions are special cases of our
earlier results, but the factor structure leads to more explicit expressions.

To summarize, in this section we have shown that under the basic frame-
work of normally distributed risks, CARA preferences, and variance-ratio
information processing constraints, investors are indifferent to information
choices and prefer larger consideration sets. They have no reason to specialize
in information or securities. This holds under essentially arbitrary covariance
structures, including the factor structure of (13). We lay out these results as a
benchmark against which to compare the consequences of introducing infor-
mation frictions.

. Information Frictions

Thus far, we have seen that, under general conditions, a standard limited
information capacity framework leads investors to be indifferent about in-
formation choices and to prefer to consider the largest set of securities pos-
sible. As we argue in Section 4, these conclusions are unrealistic. Investors do
not make rational inferences from countless prices, nor do they invest in all
available securities. The framework we have considered thus far lacks the
fixed attention costs entailed in learning even basic information about a stock
and the market.

To address these points, we introduce frictions in the form of fixed atten-
tion costs to information acquisition. Importantly, we differentiate the fric-
tions for micro and macro information. We posit that information about the
overall level of the stock market is widely available — it is regularly discussed
in the media and in public commentary. The same is not true for most stocks
— learning even basic information about most companies requires an inves-
tor to make a special effort. To address this distinction, we continue to use the
factor structure of Section 1.4, and the consideration sets Cy x and C g from
(17) and (18), respectively.

7 This follows from Proposition 1.2, but also it follows directly from the fact that V[S|Ps] < V[S — RPs].
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2.1 Fixed attention costs

We begin with micro information. We assume that there is a fixed attention
cost to following a stock. Investors are free to invest in as many stocks as they
wish, but to follow a stock and make rational inferences from its price, an
informed investor must dedicate at least a minimum amount of attention.
For example, an investor must learn what the company’s line of business is,
who serves on its senior management team, who are the company’s
main competitors, and so on. We capture this idea by introducing a factor
0 € (x, 1) and changing the capacity constraint (9) to

|ZCD.K|
|ZCO.K |

Recall that a smaller bound on the right allows for more informative signals
by allowing a smaller posterior |Z¢, |. Dividing by 6% thus consumes capac-
ity, and the loss of capacity is greater with larger K. Each factor of ¢ reflects
the fixed cost of following a stock.

Whereas we assume that each stock requires at least a minimum amount of
attention, we allow investors to follow the index fund—and to make infer-
ences from its price—costlessly. This assumption reflects the widespread
availability of information about the overall stock market. Whereas investors
may need to spend some time learning about a new company, they already
know about and follow the overall stock market. However, investors who
seek to acquire additional information about the macro factor M beyond its
market price face a fixed attention cost dr € (x, 1). We will say that signal set
7 is informative about the macro factor if V[M|Pr,Z] < V[M|Pg].* The
capacity constraint becomes

> /oK. (22)

(23)

el o [ #/(6%0r), if VIM|PR,T] < V[M|P;
|EC1,K| N

K)ok, otherwise.

Condition (23) reflects two asymmetries in how we model macro and micro
information. In the first case of (23), acquiring macro information (beyond
the price P of the index fund) requires a fixed cost d rather than §. But the
more important asymmetry is the second case: an investor may invest
“passively” in the index fund, learning about M only through its price, with-
out incurring a fixed cost. In contrast, following an individual stock always
entails a fixed cost of J.

We emphasize that once an investor decides to follow a stock or to acquire
additional information about the macro factor, conditioning on the price of
the stock or of the index fund is costless. The investor is only charged capacity
for acquiring a signal with additional information content beyond the price.

When we make the macro-micro independence assumption (a5i), this definition is unchanged if we include other
prices in the conditioning information and write V[M| Py, P, , ..., Ps,,Z] < V[M|Pg, Ps,,..., Ps,].
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Furthermore, it is important to keep in mind the distinction between the cost
¢ of becoming informed, and the capacity charges 6 and J that are incurred
from following a stock or acquiring additional macro information. The quan-
tity ¢ is the standard cost of becoming an informed investor, and thus ac-
quiring information capacity x. The capacity charges 6 and d consume part
of k when investors increase their consideration sets, or when they acquire
macro information.

We will say that an informed investor uses the full capacity « if equality
holds in (22) or (23) for the investor’s choice of consideration set and signals.
For a given consideration set, this condition constrains K through the re-
quirement that

K>k or 608>k (24)

We illustrate the constraint in (23) with some examples. Investing passively
in the index fund (C; o with Z empty) consumes no capacity because it cor-
responds to the second case in (23) with K = 0. A macro-informed investor
chooses consideration set C; o and acquires information 7 about M, facing
the constraint V[M|Pr,Z]/V[M|PF| > k/JF, which is the first case in (23)
with K = 0. Next, consider a micro-informed investor who follows a single
stock (K = 1), while costlessly investing in the index fund by not seeking
macro information. Suppose (M, Pr) and (S;, Ps,) are independent and re-
main so given the micro information Z. The micro-informed investor faces
the constraint

VISi|Ps,, Z] V[M|Pr,I] _ V[Si|Ps,, I]

VISilPs]  V[M|Pr] - V[Si|Ps,] 2 /0.

The following proposition characterizes the utility that investors gain from
different information sets:

Proposition 2.1 (Utility of the informed with fixed attention costs).
Assume conditions (al) and (a3)-(a5) hold with the information con-
straints (22)-(23). Then the expected utility of an informed agent who
uses the full capacity k depends on the agent’s consideration set and
information choice as follows. For a consideration set of type
(0,K), 1 < K< N—1, withx < 6%,

2 _ 2y V[S‘PS] K K.
JO,K_E K<m> /5 ; (25)

for a consideration set of type (1,K), 1 < K < N — 1, with x < 6, and
macro-independent information,

> _ e o0r VIM|Pr] VISIPs] \* ok
S = e G R (V[S—RPS]) /% (29)
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for a consideration set of type (1,K),0 < K < N—1, k < 56K, with
macro information,

P pegor VIMIPA (VISP
MK VIM — RPg] \V[S — RPs]

K
) [(6r6%). @7

In particular, J% , > J3 , so an investor in micro shocks can always do
better by including a position in the index fund without acquiring macro
information.

These expressions follow directly from combining Proposition 1.3 with
the costs in (22)-(23). The result that J} , > J3 x holds because Qf > 0, as
both its numerator and denominator are positive. Furthermore
V[M|Pr] = V[M — RPy|Pr| < VIM — RPf|. The inequality J3 . > J; ¢
is strict if E[M — RPg] =0 (so Qr > 0) or if Pr has nonzero correlation
with M.

Equations (26) and (27) both correspond to consideration sets
{M,S,,...,Sk}, but the expected utilities differ because they correspond
to the two cases in the capacity constraint (23), determined by whether the
investor selects macro-informative signals. Our discussion will therefore re-
fine investor types to distinguish between these two cases: consideration set
C1 x with or without macro-informative signals.

We close this section with a comment on interpreting the fixed costs in (22)-
(23). For simplicity, consider the case of a single security with payoff ¥ and
price Py Given a signal set Z, the total amount an investor learns about the
payoff Y is measured by

VIY|Py,Z] _V[Y|Py,Z]V[Y|Py]

VYl VYR VY )

The original capacity constraint (2) limits the first factor on the right, that is,
the variance reduction attributable to Z. We can think of ¢ in (22) as cap-
turing the second factor on the right, that is, the attention required to make
inferences from prices, even before any other information is collected. For
example, knowing how to interpret a stock drop of 5% requires knowing
whether the company had earnings, or whether a drug trial result came out,
or whether the CEO resigned, or whether the fall happened on no news at all.
Not all 5% price drops mean the same thing; J is the cost of knowing enough
about the company to make these distinctions.’ In this interpretation, (22)
puts a lower bound on the total variance reduction on the left side of (28). The
correspondence is not exact because the variance ratios are ultimately equi-
librium outcomes, whereas ¢ is fixed. Nevertheless, the decomposition in (28)

Chan (2003) and Tetlock (2010) document that stock moves on no news are quickly reversed, whereas stock
news accompanied by news are not. Context matters.
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should be helpful in thinking about § as the minimal attention required to
follow a stock.'®

2.2 Uninformed and oblivious investors

The information constraints (23) apply only to investors who have paid the
cost ¢ to acquire capacity . Investors who do not buy capacity cannot ac-
quire signals. They can still invest in the index fund without acquiring macro
information because there are no fixed capacity costs to doing so. This option
corresponds to K = 0 in (26), with ¢ = 0 and k = 1, which yields squared
expected utility of

VIM|Pr]

=&
¢ V[M— RP/]

(29)

This is a special case of our expression (6) for the utility of the unin-
formed, specialized to the consideration set {M}. Here, as in (6), the unin-
formed investor makes inferences from prices — from the index fund price Pr
in the case of (29).

We will also allow investors without information capacity to buy
stocks. However, they cannot cover the fixed attention cost § of following
a stock, so they do not have the capacity to make inferences from stock
prices. Instead, they simply take prices as given. We call these investors
oblivious.

To make the distinction precise, consider a vector of payoffs Y with a
vector of prices Py, An investor who learns from prices chooses a portfolio
vector ¢ to maximize —Efexp(—¢'(Y — RPy)/y|Py], leading to
¢ = cov[Y|Py] ' (E[Y|Py] — RPy)/y. An oblivious investor solves the prob-
lem unconditionally and arrives at demands

q = cov[Y]"'(E[Y] — RPy)/y. (30)

The oblivious investor thus responds to prices and sets demands rationally,
but fails to process all the information in prices.

These oblivious demands apply to any S, in the oblivious investor’s con-
sideration set. An oblivious investor may also invest in the index fund and, in
doing so, make inferences from Py. This formulation is consistent with the
constraints in (23) and with our treatment of the uninformed in (29): an
uninformed investor in the sense of (29) is simply an oblivious investor
with consideration set {M}.

Proposition 2.2 (Utility of the oblivious). Suppose (a0) and (a5) hold. For

an oblivious investor with consideration set C; x = {M, S;,,...,Si. },

An earlier version of this paper placed capacity constraints on the left side of (28). That formulation implies that
learning from prices (the last factor in Equation (28)) consumes capacity. But the two versions of the model lead
to similar conclusions.
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P o VIMIPA ( VIS o)

UK ™ V(M — RPy] VIS — RPs] + cov|[S, RPS]z/V[S]>

The utility in (31) is evaluated by taking into account the true joint
distribution of prices, security payoffs, and oblivious investor demands.
If we excluded M from the consideration set, the exponential factor and
the first variance ratio on the right side of (31) would be absent. It follows
that omitting M is never preferred (see the discussion following
Proposition 2.1), so we may assume that oblivious investors always in-
clude the index fund in their consideration sets. We will sometimes refer
to the special case K = 0 in (29) as the ordinary uninformed investors. In
Theorem 3.1, we will give conditions under which being informed or
(ordinarily) uninformed dominates being oblivious.

2.3 Price informativeness requires specialization
We investigate the choices of consideration sets and information that are
compatible with equilibrium, meaning that they are not strictly dominated
by any other choices. It suffices to consider which 7ypes of consideration sets
are undominated because the expected utility for a consideration set depends
only on its type. Here, the type refers to the combination of consideration set
and information choice: an informed investor with set C and an uninformed
investor with set C are different types.

We will use 4s to indicate the fractions of investors who select each type, as
follows:

20,k : informed choosing {S;,...,Si};

A1k + informed choosing {M, S;,...,Si}, asin (26);
Jmx : informed choosing {M,S;,...,Si}, asin (27);
Ju : uninformed choosing {M};

Auk : oblivious choosing {M, S, ..., Si}.

In particular, investors of type 4, x learn about the macro factor (and up
to K stocks), whereas investors of type 4; g invest in the index fund (and up to
K stocks) without learning more about M than the information in the price of
the index fund.

We assume that, for each type, 4 is evenly distributed among all consider-
ation sets consistent with that type; e.g., for 4, ; we will have an equal share of
investors with consideration sets {M, S;, S;}, for all pairs (S;, S)) with i # j.

We call a collection of nonnegative As summing to one an allocation. We
have not yet introduced a notion of equilibrium, but we can define basic
requirements that investor choices (as reflected in an allocation of As) should

20

$20Z 111dy | uo Jasn saueiqi] AlsieAlun eiquiniod Aq 2/ 18S9/L/L/E L /a1onte/sdel/woo dno-olwapeoe)/:sdiy Wwol) papeojumMo(]



Investor Information Choice with Macro and Micro Information

satisfy to be compatible with equilibrium. The first requirement is that invest-
ors do not make suboptimal choices:

Definition 2.1 (Choices Compatible with Equilibrium). An allocation of
/s is compatible with equilibrium if no type with a positive 4 is dominated
by any other type: 4, > 0= J> < J2, for all types x, x'.

We established through Propositions 2.1 and 2.2 that omitting the
index fund is never advantageous, and it is strictly dominated, except
in the degenerate case that the fund price Py and its payoff M are uncor-
related and satisfy E[M — RPp] = 0. Outside of this degenerate case,
compatibility with equilibrium would require

ok =0, for all K> 1. (32)

Definition 2.1 allows the possibility that all investors remain uninformed,
in which case any associated equilibrium would presumably result in
uninformative prices. We would like to further characterize allocations
under which informed investors collectively learn about all securities.
This consideration is motivated by the idea that if no informed investor
learns about a security’s payoff, than the price of that security cannot be
informative about the payoff. Condition (32) must hold if P carries any
information about M. Moreover, only investors of type A g, for some
K > 0, learn about the macro factor, whereas all investors of types 4 x
and Ay g, K> 1, can learn about the S;. The condition we require is
therefore

Jmx >0, for some K > 1; or Ay >0 and 4; x > 0 for some K > 1.
(33)

Definition 2.2 (Choices Compatible with an Informative Equilibrium).
An allocation of s is compatible with an informative equilibrium if it is
compatible with equilibrium and satisfies (32) and (33).

The condition in (33) allows a wide range of possibilities in the allo-
cation of informed investors to types, including the possibilities that
investors choose maximal consideration sets, as we saw in previous sec-
tions, or that some investors choose to be oblivious. For the following
result, we highlight two special types: Ay = Au are the purely macro-
informed investors with consideration sets {M}; and As = 41, are the
purely micro-informed investors with consideration sets {M, S;}. These
Ay investors only trade the index fund, and spend their information
capacity to learn about M, in the sense of the first case in (23) with K
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= 0. These Ag investors select macro-uninformative signals, in the sense
of the second case in (23). Each follows a single stock.

Proposition 2.3 (Compatibility with informative equilibrium requires spe-
cialization). Suppose conditions (al) and (a3)—(a5) hold with capacity con-
straints (22) and (23). In any allocation compatible with an informative
equilibrium, 4, > 0 and /s > 0, and there are no other informed investors.

Proof. From (26) and (27), we find that J3, , = J3 /0F > J; . for all
K > 1, so all such J3, ; are dominated. Compatibility with equilibrium
then implies Ay g = 0, for all K> 1. Condition (33) therefore requires
Ao = Ay > 0 and 4y ¢ > 0, for some K > 1.

To have 41 x>0, we need J7, to be undominated. Let
rs = V[S|Ps]/(V[S — RPs]5). Using first 0 < 67 < 1, then the expres-
sions for Jj x and J3, x in (26) and (27), we get

2 2 _p _p .
Six=1 < Six=1/0F = Ty k=1 = Jyrx=o"s-

If rs <1, we would conclude that J},_ , < J3 x_, contradicting
Jy > 0. For compatibility with an informative equilibrium, we must
therefore have rg > 1. But then the only undominated case of J? ;. in
(26) is K = 1; in other words As > 0. Moreover, we have shown that
all choices of consideration sets by informed investors other than sets
{M} and {M, S;} are dominated. [J

This result presents a stark contrast with the results of Section 1. In the
previous results, we consistently found that informed investors are indifferent
to their information choices and prefer larger consideration sets. Here we find
that, once we introduce fixed attention costs, an informative equilibrium
requires just the opposite: informed investors must specialize in macro or
micro information, and the micro-informed focus on a single stock.!" The
two optimal information sets are therefore extreme specialization achieved by
investing in a single stock, along with the index fund, or complete diversifi-
cation achieved by investing only in the index fund. Note that investors have
the option to use all their capacity on a subset of stocks and invest in other
securities as uninformed investors who condition only on prices, but they
reject this option, and the micro-informed focus only on a single stock about
which they obtain a private signal. According to Proposition 2.3, the only
alternative to this macro/micro specialization is to drop the “informative”
requirement and assume that there are some securities that no investors learn
about.

Recall that the Ag micro-informed investors are evenly divided among the N consideration sets
{M,S;}, i=1,...,N,all of which yield the same expected utility.

22

$20Z 111dy | uo Jasn saueiqi] AlsieAlun eiquiniod Aq 2/ 18S9/L/L/E L /a1onte/sdel/woo dno-olwapeoe)/:sdiy Wwol) papeojumMo(]



Investor Information Choice with Macro and Micro Information

We briefly contrast Proposition 2.3 with prior work. In Goldstein and
Yang (2015), a security’s payoff depends on two types of fundamentals;
investors acquire information about both—and do not specialize—unless
the cost of acquiring two types of information is greater than the sum of
the costs of acquiring each separately. Mondria (2010) finds cases of asym-
metric equilibria numerically, but these are outside the scope of his theoretical
analysis, which focuses on identical signal choices by investors. Investors in
Van Nieuwerburgh and Veldkamp (2009) specialize, but their specialization,
unlike ours, depends on differences in prior information.

It is important to clarify what we are not claiming in Proposition 2.3. The
proposition does not demonstrate that an informative equilibrium exists —
we will do that in the next section — so the result should be read as a nec-
essary property of any such equilibrium. Nor are we claiming that all prices
must carry information about payoffs in equilibrium. Indeed, we will see that,
depending on parameter choices in (26)-(27), it is possible to have all in-
formed investors driven out of the market and an equilibrium with entirely
uninformative prices. We view the most realistic and most interesting out-
come as an informative equilibrium that includes some ordinary uninformed
investors — those who invest solely in the index fund:

Corollary 2.1 An allocation compatible with an informative equilibrium
requires ¢k < Jp, and it admits ordinary uninformed investors (mean-
ing that 1y > 0) if

¥k = Op. (34)

Proof. We know from Proposition 2.3 that compatibility with an infor-
mative equilibrium requires that J3,, be undominated. Comparison with
(29) shows that J3,, = J3e¥x/op. If €¥k/SF > 1, remaining unin-
formed would dominate acquiring information, so compatibility with
an informative equilibrium requires e*“x/6; < 1. If the ratio equals 1,
then J3, = J3,,, 50 0 < Ay < 1 is compatible with an informative equi-
librium. O

The condition in (34) equalizes the utility loss from spending ¢ to
become informed (e?¢) with the utility gain from informational capacity
applied to the macro signal (k/JF).

Equilibrium
In this section we construct a rational-expectations equilibrium in which
agents’ information choices are subject to the constraint in (23),'? and in

which assumptions (al) and (a3)—(a5) are satisfied. The equilibrium is infor-
mative, in the sense that investors collectively acquire information about the

Proposition 2.1 showed that investors are no worse off by including the index fund in their consideration sets,
and, therefore, the information constraint in (22) is not binding.
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payoff of every security. As in Section 1.4, we assume the existence of N
stocks and an index fund holding 1/N shares of each stock. The payoffs
M of the index fund and S; of each stock are defined in (12).

Our equilibrium construction proceeds in two steps. We first suspend
investors’ flexibility to make information choices and simply assign all invest-
ors to three types, the macro-informed A,, > 0, the micro-informed Ag > 0,
and the uninformed Ay > 0, with A, + As + Ay = 1. This allocation is mo-
tivated by the necessary specialization proved in Proposition 2.3. We con-
tinue to assume that the 1g micro-informed are evenly divided among the N
individual stocks. We derive market clearing prices and demands in this
constrained setting. We will then reinstate the flexibility for investors to
make information choices and provide conditions under which our market
clearing prices and demands yield an equilibrium in this unconstrained
setting.

3.1 Signals
Macro-informed investors observe the signal m, with

M=m+ey, (35)

where m and e,, are uncorrelated and normally distributed. We write V[m]
= fuV[M] to use fys € (0,1) as a measure of the precision of the macro
signal.

Similarly, we will use the decomposition

Si:Si+€i, izl,...,N, (36)

where s; and ¢; are uncorrelated with each other and normally distributed. We
write V[s;] = fsV[S]], taking fs to be common to all i. The As/ N investors that
invest in the ith stock observe the signal s;.

Starting with a representation u; = M’ + s; + ¢}, we can extend the argu-
ment in (13) to the s; and ¢;, so that

N N
Zsi:ZGZQ (37)
=1 i=1

and corr(s;, s;) = corr(e;, €;) = —1/(N — 1) for i # j. As in our discussion in

Section 1.4, (37) should be viewed as the result of removing a common com-
ponent from a finite number of idiosyncratic terms. Because the S; are ex-
changeable, but not independent, it is not possible for all the s; and ¢; to be
independent.

The ratios fj, and fg determine how much information is learnable about
payoffs from signals. For now, we treat f3, and fs as fixed parameters. In
Section 3.4, we discuss how f;, and fg are determined in equilibrium to be
consistent with the information frictions setting of Section 2.
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3.2 Supply shocks
We now detail the supply of the securities. We suppose that the supply has a
factor structure similar to that of the dividends in (12), with the supply of the

ith stock given by

%(XF‘FX[), (38)

where X is the common supply shock, normally distributed with mean X
and variance a%(F, and the X; are normally distributed idiosyncratic shocks,
each with mean 0 and variance %. Supply shocks are independent of cash
flows, and X; is independent of X for all i. Following the procedure in
Section 1.4, we define the common factor X so that the idiosyncratic shocks
are exchangeable and fully diversifiable, in the sense that

N
ZX,- =0, (39)
i=1

and corr(X;, X;) = —1/(N — 1) for i # j. We make the standard assumption
that supply shocks are unobservable by the agents.

The aggregate portion of supply shocks, X, is standard in the literature —
as will become clear, it is analogous to the single security supply shock in
Grossman and Stiglitz (1980). The idiosyncratic portion of the supply shock,
X, proxies for price-insensitive noise trading in individual stocks. Some of
this noise trading may be liquidity driven (for example, individuals needing to
sell their employer’s stock to pay for unforeseen expenditures), and some may
originate from incorrect expectations or from other value-irrelevant triggers,
such as an affinity for trading or fads. Empirical studies (Brandt et al. 2010;
Foucault, Sraer, and Thesmar 2011) document a link from retail trading
(proxied in our setting by X;) to idiosyncratic volatility of stock returns.
Our equilibrium stock price in Equation (43) will have this feature as well.

3.3 Market clearing and prices
Given prices, investors set their demands by maximizing the expected utility
of terminal wealth, as indicated at time 1 in Figure 1. The uninformed choose

their demand ¢V for the index fund conditional on Z;; = {Pp, Ps,, ..., Psy};
the macro-informed choose their demand ¢ conditional on
Iy ={m,Pp, Ps,,...,Ps,}; and micro-informed investors informed about

stock i choose their demands ¢/, (for the index fund) and ¢! (for stock i)
conditional on Z; = {s;, Pr, Ps,, ..., Ps, }. Aggregate holdings of the index
fund are given by

s N
— As i
S DI (40)

Although the market trades the index fund along with individual stocks,
only stocks experience exogenous supply shocks. The market should
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therefore clear for each stock. Each share held in the index fund requires 1/N
shares of each of the NV stocks. The market clearing condition for stock i is
therefore
i—]\qu—l—q—]\f:%(/\’p—&—)(i), i=1,...,N. 1)

The first term on the left is the direct demand for stock i from investors
informed about that stock; these are the only investors who invest directly in
the stock. The second term is the amount of stock i held in the index fund.
The right side is the supply shock from (38). The direct and indirect demand
for stock i must equal its supply.

We now exhibit a set of prices for which the resultant optimal demands
clear the market:

_ 1l — 2
PF:aF+bF(m—m)+cF(XF—XF), with ﬁ:—w,
bF AM
42)
and with ag, by, and c¢r to be specified. Fori=1,..., N, set
si (1 —fS)Ug
Py =— " "2 2 X, 43
S =R R 3)

Proposition 3.1 With the prices in (42) and (43) and appropriate coeffi-
cients arp, bgp > 0, and cF, investors’ optimal demands clear the market.

These prices and the associated investor demands thus constitute a
market equilibrium for fixed 1, As, and Ay. The form of the index
fund price Pr (and its coefficients) follows from Grossman and Stiglitz
(1980). The price Ps, has the same general form but without a risk pre-
mium and with 1/R in place of the b coefficient. Both features are con-
sequences of the fact that only the micro-informed trade individual
stocks. The last term in (43) reflects the price discount they receive for
absorbing the idiosyncratic supply shocks.

Equation (43) gives the price of the hedged security paying S; The
unhedged stock pays M + S; and has price P; = Pr+ Ps,. The no-
arbitrage condition (16) between the index fund and its constituent stocks
holds because the average of the Ps, i =1,..., N, equals zero. Had we
not imposed the exchangeability conditions (37) and (39), the price of the
index fund would deviate from the average of the stock prices.

It is straightforward to verify that the signals in (35)-(36) and prices in
(42)—(43) satisfy assumptions (al), (a3), and (a5) (see the Internet Appendix
for details). We use (a4) to ensure that informed investors can use their
full capacity. In the present context, that condition becomes condition (47)
(see below), which is satisfied through the choice of fg and f),.
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3.4 Sufficient conditions for equilibrium

We now extend the preceding analysis to construct an equilibrium when
investors choose whether to become informed and how to use their capacity
if they do become informed. Note that in the constrained economy of
Sections 3.1-3.3, if information frictions were absent, then Proposition 1.3
implies that the marginal agent would be no worse off by deviating from
being either micro- or macro-informed to a less concentrated information set.
The information frictions of Section 2 are necessary in order for the infor-
mation choices in the constrained setting to be optimal.

Definition 3.1. An equilibrium consists of prices for all securities and an
allocation of investors to types such that (1) the market clears when
investors set demands to maximize their expected utilities and (2)
Definition 2.1 holds: no investors are allocated to suboptimal types.

We established (1) in Proposition 3.1. We will extend our analysis to
satisfy (2). The key feature of the resultant equilibrium will be speciali-
zation: all informed investors will be either macro-informed or micro-
informed; some investors will remain uninformed and invest in the index
fund only. In short, we will have

J%W == J%, < Ji, for all other types x, (44)
where we have written
—o, VIM|PF]

P,=0,=e(k/d o0 45
M Mo =€ “(ic/dF)e V[M — RP] (45)

for the squared expected utility (27) of the macro-informed, and

_ V[M|P V[S|P

J> EJ%,1 = e¥(k/)e™r [M|Pr] [S1Ps] (46)

VIM — RPf|V[S — RPg]

for the squared expected utility (26) of the micro-informed, and J; for
the expected utility (29) of the ordinary uninformed. In particular, (44)
rules out the presence of uninformed investors who invest in individual
stocks, that is, the oblivious investors.
In Section 3.1, the informativeness ratios f; and f5 were specified exog-
enously. When we embed the market of Sections 3.1-3.3 in the informa-
tion choice framework of Section 2, the achievable informativeness
depends on the capacity k and the cost parameters ¢, J, and . In par-
ticular, when micro-informed and macro-informed investors use their full
capacity «, the constraints (22) and (23) become

VISilsi] ViM|m]

W = K/5 and W = K'/éF, (47)
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respectively. Because the prices Prand Pg, in (42) and (43) depend on f,
and f§, the conditions in (47) constrain the values of these parameters.
We will see that fg is pinned down to a specific value, whereas f;, may
vary within a limited range.

Define

(e = 1) (1= Spe¢)d)
sl = G T — (T = ope /o)

wherever the denominator is nonzero. For ¢ such that fs(c) € (0,1),
define

(48)

12
Ls(0) = [ 2 Avisvin] )
and, for any fy; € (1 —e=2¢, 1), define
: e . 12
T ([T (F ] R

The variables Lg and L,, correspond to g and 4;, once we account for
the constraints that these proportions fall between 0 and 1 and that their
sum not exceed 1.

Theorem 3.1 (Existence of oblivious-free equilibrium with specialization).
Suppose e*‘x = 6y < 1, and suppose 8/9 < 5/5p < 1. Let

~3%£4/9—86r/6

+ = 5 )
and suppose f_ < ¢ < Bi. Then k < 6. Furthermore, within this valid
cost interval, an equilibrium is given as follows:
e fs(c) is as given in (48) and is contained in (e¥¢—1,1);
Js(¢) =min(l, Ls(c));
o fur is any value in (1 —e=2¢ 1) for which Ly(far,c) < 1 — is(c), and
2 = Ly(fur, ©);

Av=1— Ay —Zs.

This result states that for every 6 /0 ratioin (8/9, 1) there is a range of costs ¢
consistent with an informative equilibrium (meaning that informed investors
collectively learn something about every security) with no oblivious investors.
In all equilibria described in the proposition, informed investors are micro-
informed or macro-informed — the equilibria are characterized by speciali-
zation. The value of /5 is determined by ¢ and J/dF. In contrast, we may have
a range of values of 1), consistent with equilibrium at fixed pair (¢, d/dr). At
each ¢, the largest value of Lys(fys, ¢) (and thus the largest potential value of
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Ja) is attained at £, = V'1 — e=2¢; and the smallest value is Ly (far,¢) =0
for fiy = 1 — e=2. The range of allowable f;, and A, represent a range of
equilibria, but all with the essentially the same structure. We derive (48)—(50)
using the equalities in (44) and (47).

We met the condition ¢k = yin Corollary 2.1 in balancing the expected
utility of the uninformed and the informed. Similarly, setting J3, = J% in
(45)+(46) yields

5/00 = VIS|Ps] _ VIS — RPg|Ps] <1,
VIS — RPs] VI[S — RPs]

with strict inequality if S and Pg have nonzero correlation; hence the condi-
tion 6/0F < 1 in the proposition. This, together with the Theorem 3.1 result
that k < 9, ensures that (24) is satisfied, which guarantees a net information
gain from becoming informed. We show in Lemma A.2 that the key to
keeping out oblivious investors is having fg > e*¢ — 1; in other words, the
signal-informativeness measure fs must be sufficiently large, relative to the
cost of becoming informed. The valid cost interval defined by f3.. enforces this
condition for fs(c) in (48). Outside this interval oblivious investors drive out
all other investors leading to a degenerate scenario in which no investor learns
anything about any security’s dividend."?

3.5 Analysis of equilibrium
To gain intuition into Theorem 3.1, we now construct a numerical example of
equilibrium, using the parameter values in Table 1 of the Internet Appendix.
We may take as a model primitive the ratio 6/dr and note that for each value
of this ratio, the limits . in Theorem 3.1 define an admissible interval of
costs ¢. The allowable set of pairs (¢, d/JF) are the points above the U-shaped
curve in the left panel of Figure 2. We refer to this as the admissible cost
region.

At each admissible pair (¢, d/dF), recalling that f5,(c) = V1 — e=%, the
largest possible share of macro-informed 1), is given by

() Ly (f(c), ¢), if Ly (f3,(c),¢) < 1—2s(c);
CcC) =
M max(0, 1 — As(c)), otherwise (constrained case).

(5D

We consider f}, the largest plausible value for f3, in the unconstrained
region: at any larger value of fj,, macro prices would be so informative

For example, with fg = 0, prices are uninformative about dividends and the term inside parentheses in (31)
becomes V[S]/(V[S] + V[RPs]) < 1,so the oblivious prefer to invest in as many stocks as possible. Moreover,
comparing the utility of the micro-informed in (46) with the utility of the oblivious in (31), we find that
J% = 0pJ%, /0 > 4, > J% k. K > 2,50 being oblivious is strictly preferred to being informed about individual
stocks. The result is an equilibrium in which no investors learn about stocks and prices are uninformative about
dividends. In this equilibrium, prices change solely in response to supply shocks, which makes trading in these
stocks attractive to the oblivious.
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that investors would be discouraged from acquiring macro information and
A would decrease. The constrained case occurs at low values of ¢ where Ag
becomes large, thus squeezing out the macro-informed. There are two values
of fyr(c) consistent with each A,(c) in the constrained case. (Setting L (far
,¢) equal to a constant in Equation 50 yields a quadratic equation in f3,.) The
larger root exceeds f},(c), so we consider the smaller root more meaningful.
The equilibrium share of uninformed is given by iy = 1 — As — 4}, so Ay
= 0 in the constrained region.

The right panel of Figure 2 shows the equilibrium shares of uninformed,
macro- and micro-informed as functions of ¢ when 6/6r = 0.98. The con-
strained region of A3, occurs for ¢ to the left of the peak in the A}, curve
(slightly to the left of ¢ = 0.02). At this point, the share of micro-informed is
so large that, even with the uninformed share at zero, it begins to squeeze out
the macro-informed. The two vertical bars represent the maximum and min-
imum allowable ¢ (the valid cost interval) for the delta ratio of 0.98. In the
constrained region, the maximum A, is increasing in ¢, which may be sur-
prising. But it is important to remember that the share 4}, is based on the
macro-informativeness fys = f},(c), which is increasing in ¢. We consider the
unconstrained region to the right of the peak in 1}, to be the more interesting
region because it includes uninformed investors, 4y > 0, even at the maxi-
mum level of macro-informed investors.

3.6 Micro versus macro efficiency

A natural measure of price efficiency is the fraction of price variation that
comes from the signal of the informed, which also equals the square of the
correlation of the price and the signal. In the case of m and the index fund
price Py from (42) the squared correlation is

fu _
S+ 721 = fu)’0%0%, /2
this follows from dividing the last term in (A19), which equals
cov[M, Pi*/V[P, by  V[m]=/f,03, and  noting that
cov[M, Pr| = cov[m, P]. Similarly, for individual stocks we define p% to

be the squared correlation between s; and Ps, in (43). The last term in
(A14) yields

i = (52)

fs
fs+72(1 — f5) 030%/ %

In both cases, as p> — 1 prices become fully revealing. We say that the
market is macro-efficient if p% > p%; it is micro-efficient if the inequality is
reversed.

In the left panel of Figure 2, B marks the constrained region (with no
uninformed); we focus on regions A and C. Throughout C, the market is

ps = (53)
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Table 1
Mutual fund performance and PBN

Gross returns: high- minus low-PBN performance

TR full idx TR full TR 2011 TR 2011 CRSP 2011 CRSP 2011
nonidx idx nonidx idx nonidx
1) 2 3 (€] 5 (6)
Excess return ~ —0.0042%* —0.0041**  —0.0059***  —0.0059*** —0.0014 —0.0012
(0.0018) (0.0018) (0.0017) (0.0016) (0.0027) (0.0027)
oy —0.0034** —0.0037** —0.0026* —0.0037*** —0.0026* —0.0042%**
(0.0017) (0.0018) (0.0015) (0.0014) (0.0016) (0.0015)
Oyt —0.0050%**  —0.0051***  —0.0051***  —0.0056***  —0.0057**  —0.0061%**
(0.0016) (0.0016) (0.0017) (0.0016) (0.0024) (0.0023)

Net returns: high- minus low-PBN performance

TR full TR full TR 2011 TR 2011 CRSP CRSP
idx nonidx idx nonidx 2011 idx 2011 nonidx
()] ) 3 (C)] (5) (6)
Excess return ~ —0.0050%**  —0.0046***  —0.0067***  —0.0063*** —0.0024 —0.0017
(0.0018) (0.0018) (0.0017) (0.0016) (0.0027) (0.0027)
oy —0.0042%* —0.0041%* —0.0034%*  —0.0041%**  —0.0036**  —0.0047***
(0.0017) (0.0018) (0.0015) (0.0015) (0.0016) (0.0015)
ket —0.0058***  —0.0056***  —0.0058***  —0.0060***  —0.0067***  —0.0066***
(0.0015) (0.0016) (0.0017) (0.0016) (0.0025) (0.0023)

The table shows the quarter 7 average excess returns and alphas of a portfolio that is long funds in the top quintile
based on their quarter 7 — 1 PBNs and short funds that are in the bottom quintile based on their quarter 7 — 1
PBNs. Returns are weighted by each bucket’s funds’ total net assets at the end of quarter 7 — 1. Alphas are
calculated using the five-factor Fama-French model augmented with momentum (o) or using the CAPM (2¢,,x,)-
The columns correspond to the full-sample Thomson-Reuters data set, the Thomson-Reuters data set starting in
2011 and forward, or the CRSP data set starting in 2011. All three variants are shown including (idx) or
excluding (nonidx) index funds. The top panel uses gross (before fees are subtracted) mutual fund returns,
and the bottom panel uses mutual fund returns net of fees (i.e., after fees have been subtracted from returns). The
returns data are quarterly. Standard errors, shown in parentheses, use Newey-West with two lags.

*p < 1, ¥p < 0.05, ***p < 0.01

micro-efficient, and in A it is macro-efficient.'* In the Internet Appendix, we
show that the boundary separating C from A is defined by the inequality

1 4+ e 2r¢y/1 — e=21¢
14+ VI—e2e

We emphasize three observations from Figure 2: (1) The micro-efficient
region C is much larger than the macro-efficient region A. Moreover, (54)
shows that the only model parameter that affects the A—C boundary is the
risk-aversion parameter, which enters only through the product yc; thus, the
comparison in the figure is quite robust to parameter choices.'” (2) At any

8/0F > (54)

In region B, p% depends on which of the two roots mentioned following (51) is chosen for f3,. We have observed
that in most cases the larger root results in macro-efficiency and the smaller root in micro-efficiency. As noted
previously, we consider the smaller root more relevant.

The boundary defining B, which we explicitly derive in the Internet Appendix, depends on other model
parameters.
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Population shares

Figure 2

Admissible parameter region and population shares

In the left panel, the U-shaped curve shows the boundary of admissible pairs, (¢, d/0r). Region B corresponds
to the constrained case in (51). Micro-efficiency holds in C and macro-efficiency in A. The right panel shows the
population shares as a function of ¢. The vertical bars in the right panel show the allowable range of ¢s for the
given d/dF ratio.

cost level ¢, increasing 6/0 moves the market toward micro-efficiency; this is
evident in the figure and in (54). (3) At any level of §/JF, increasing ¢ moves
the market toward micro-efficiency; this is evident in the figure and confirmed
by (54) because the expression on the right side of (54) is decreasing in c.

To gain further insight into observation (2), it is helpful to consider the
effect of varying the macro informativeness parameter f;,, recalling that
Theorem 3.1 allows a range of values for f;,. In (52) and (53), we can replace
Axar and Ag with their equilibrium values to get

s 1= —fi) 5 1= (8/6p)e(1 —f5)
pF - —’ pS -
S Is

Each p? is increasing in the corresponding 7. If we have fi; = fs = f. then

ps 1=/ =f) (56)

o 1 —e2e(l —f)

for 9/0r < 1.1In other words, the greater attention required to learn about a
stock compared with learning about the overall market biases the market
toward micro-efficiency in equilibrium. Equivalently, to have p% = p?g
requires f3, > fs: achieving equal price efficiency requires that the macro
signal be more informative than the micro signal.

This effect can be seen in condition (47), which reflects the requirement that
informed investors use their full capacity. We can rewrite (47) as

VISi|Ps] _ ¢ VIM|PF| _ or
Vsl R N e

. (55)

(1= fu)-

With 6 < 6 and fj, = fs, the micro prices Ps, need to be relatively more
informative about dividends than the macro price. Equally informative
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signals require micro prices to be more informative because of the steeper
micro fixed attention cost 6. As d increases, the fixed attention cost consumes
less of the micro-informed’s capacity, allowing them to acquire more infor-
mative signals. In other words, as d increases, fg increases, increasing pZS and
moving the market toward micro-efficiency.'®

Observation (2) holds for any choice of f3,. For our discussion of obser-
vation (3), we focus on the 4,,-maximizing choice f},, which we argued fol-
lowing (51) is the largest plausible value for f3, and thus produces the largest
plausible level of macro-efficiency p3,. Both f5(c) and f;,(c) are increasing in
¢: investors need to be induced to bear the higher cost of becoming informed
through more informative signals. In Theorem 3.1 we have the first inequality
in

fs(e) > e — 1> V1 —e=2¢ = f; (c), (57)

and the second inequality holds for ¢?* greater than (the golden mean)
(1++/5)/2."7 With y=5.5, this threshold becomes approximately
¢ > 0.044. Thus, for sufficiently large ¢, we are guaranteed to have fs(c) > f3,
(¢) and thus micro-efficiency pé > p%. (The precise threshold is provided by
equation 54.)

In understanding the bias toward micro-efficiency, it is helpful to con-
trast the equilibrium of Theorem 3.1 with an equilibrium in which obliv-
ious investors drive out the micro-informed and stock prices carry no
information about dividends; see the discussion at the end of
Section 3.4. The first inequality in (57) (which holds in the valid cost in-
terval) ensures that being micro-informed is preferred to being oblivious;
see Lemma A.2. In studying the equilibrium of Theorem 3.1, we are con-
ditioning on the micro signal being sufficiently informative to attract in-
formed investors, despite the cost and attention required to be micro-
informed. Moreover, the micro-informed are not deterred by prices be-
coming overly revealing because no other investors learn from micro
prices: oblivious investors ignore the information in prices, ordinary unin-
formed investors do not have the capacity to follow individual stocks, and
other informed investors specialize in other securities. In contrast, macro
information is partly revealed to the uninformed and the micro-informed,
who are able to trade in the index fund because doing so does not entail an
attention penalty. The micro informed therefore monopolize liquidity
provision for micro supply shocks, whereas the macro informed must
share in liquidity provision for macro supply shocks. This induces some

As §/5F approaches 1, we have f;(c) — 1 in (48), and then p — 1, indicating perfect micro-efficiency.
However, right at /6y = 1, Theorem 3.1 fails to describe an equilibrium. In particular, (49) would imply
As = 0, so the market for individual stocks could not clear and (43) would not be a valid price.

Letting f=e* > 1, the middle inequality in (57) requires /i3 — 2[)’2 +1>0. This factors to
B=1(F ~p~1).
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agents to become micro informed despite the higher fixed cost. In turn, the
higher fixed cost forces micro prices to be more informative to allow the
micro informed to fully utilize the information content of their signals.

Tests of Model Predictions about Specialization

According to our model, investors should either specialize or completely
diversify by owning an index fund.'® Intermediate consideration sets are
not optimal. In this section, we use mutual fund holdings data as a proxy
for the portfolios of informed investors and explore several implications of
our framework. We focus on specialization; our empirical investigation does
not address micro- versus macro-efficiency. The core friction in our model is a
fixed attention cost of following a stock: adding a new security to an invest-
or’s consideration set consumes a portion of that investor’s information ca-
pacity. Absence of information frictions, as highlighted in Proposition 1.2,
suggests that, in a general setting, investors prefer larger consideration sets.

Prediction 1(of frictionless model). Mutual funds prefer larger consider-
ation sets.

On the other hand, according to Proposition 2.3, investors who face
the information frictions of Section 2 should specialize. To operationalize
this idea in a dynamic setting, we assume that investors’ attention costs
need to be paid only once, or perhaps only periodically. Once a security
enters an investor’s consideration set, it stays there for some time. Our
prediction that investors specialize suggests that investors should own a
small set of stocks, and that this set of stocks should not change much
over time. A problem with this observation as an empirical strategy is
that investor portfolios may be persistent due to the costs of trading, and
not because of informational frictions. To isolate the effect of informa-
tion frictions rather than transaction costs, we propose a novel measure
that looks at the percentage of all firms in which a mutual fund buys
shares in a given quarter that are new to the fund’s portfolio. We refer to
this percentage of firms bought that are new as a fund’s raw PBN. For
fund 7 in quarter ¢, this is defined as

number of firms bought in ¢ that are new to the portfolio

PBN?" = - : - .
bt number of firms in which the fund bought stocks in quarter ¢

For example, if a fund purchased stocks in eight firms in a quarter, and
five of these firms were new to the fund’s portfolio, the fund’s PBN would

In practice, we do not expect the prediction that it is optimal to hold a single stock to be literally true. If we were
to allow a fixed attention cost to cover multiple, related stocks, we would find that it is optimal to hold such
related stocks, as opposed to a single stock. In the model, we sacrificed this degree of realism for the benefit of
simplicity.
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equal 62.5%. We measure the PBN using numbers of firms (rather than
dollar amounts invested, or number of shares bought) because in our
model investing in a new firm requires the payment of a fixed attention
cost, regardless of the size of the position. If a fund did not purchase any
shares of stock in a quarter, its PBN for that quarter is missing.

We normalize the raw PBN by dividing it by the percentage of firms the
fund does not own,

number of firms owned by the fund

PFNO;, =1 — - - )
! total number of firms owned by all funds in a given quarter

to get the adjusted PBN, which we use in our analysis:

aw
it
PBN;, = PENO,," (58)

Under the null hypothesis that a given fund is as likely to buy stock in a
firm that it does not own as in a firm that is does own, the normalized
PBN should be equal to 100%. To the extent that, conditional on the
decision to buy, funds are more likely to invest in firms that they already
own, the PBN should be less than 100%. Thus, PBN naturally controls
for portfolio persistence due to transaction costs because it conditions on
a fund’s decision to buy stocks in the first place.'” PBN is a noisy mea-
sure of the information acquisition activity of funds because it only
identifies research efforts that result in share purchases, and not those
that result in no purchases. Nevertheless, funds with low PBNs focus on
stocks they already own, and are therefore specialized; and funds with
high PBNs frequently buy stocks outside of their existing area of exper-
tise, and are therefore less specialized.

Prediction 2 (of model with attention costs). Mutual funds typically have
low PBNS.

Corollary 2.1 shows that in order to have ordinary uninformed invest-
ors in equilibrium the cost of becoming informed ¢ should be propor-
tional to the log of the attention cost of macro information Jz.
Theorem 3.1 shows that to construct an equilibrium that is not overrun
by oblivious investors who crowd out all informed investors—which we
believe to be the empirically relevant case—the ratio 6/0F should be in
the interval (8/9,1). Together these two results suggest that the fixed

We do need to assume that both types of stocks have similar liquidity profiles. But based on how concentrated
fund holdings are, as shown in Section 4.2, it is fair to assume that many non-owned stocks have very similar
liquidity characteristics to those of owned stocks.
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attention cost parameters 6 and dx are, over long periods of time, mono-
tonically increasing functions of ¢.*

According to figure 1 of Philippon (2012), the proportion of the U.S. econ-
omy represented by the financial sector®! increased from 4% to 5% in the
1920s and 1930s to 8%—9% by the 1990s, with the finance industry share of
the economy showing a clear increasing trend throughout the twentieth cen-
tury. Greenwood and Scharfstein (2013) and Philippon and Reshef (2013)
provide similar U.S. and international evidence, respectively, for growth in
the finance sector share of the economy. We interpret these results as indi-
cating that society has devoted an increasing share of its productive resources,
including human capital, to the finance sector over the prior century. Further
evidence of an increase in informed investors comes from Lakonishok,
Shleifer, and Vishny (1992). They document that from 1955 to 1990 institu-
tional ownership of equities increased from 23% to 53%, while equity own-
ership by individuals fell from 77% to 47%. The trend from 1990 to today
goes in the same direction: the Investment Company Institute (2018, p. 36)
documents that the share of household financial assets held in investment
companies increased from 3% in 1980 to 24% in 2017. Together, these results
suggest that A; has fallen over time. According to Figure 2, this implies that ¢
fell.

As c falls, 6 and ¢ should also fall, which, according to the information
constraint in (23), increases the cost of nonspecialization. We therefore expect
to see specialization increasing in our mutual fund sample over time.

Prediction 3 (of model with attention costs). Because of a falling ¢, mutual
funds’ PBNs have decreased over time.

Finally, a lack of specialization reduces the amount of investors’ in-
formation capacity that can be spent on acquiring payoff-relevant infor-
mation. Having worse information decreases investors’ expected profits.
This is exactly true when y — 0 because investors then become risk-
neutral, and approximately true when y > 0.>> On the other hand, spe-
cialization should increase investors’ profits.

With « fixed, d, is monotonic in ¢, and 8/99r < 6 < dp. Therefore, for large movements in 5 caused by
changing ¢, 6 must move move as well to stay within the prescribed range.

The Philippon (2012) series splices together the financial sector value added over GDP ratio and the labor
compensation share of the finance industry. When both series are available (in the latter part of the sample) they
track each other very closely.

In a related finding, Kacperczyk, Sialm, and Zheng (2005) find that funds with higher industry concentrations
tend to outperform less concentrated funds.
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Prediction 4 (of model with attention costs). Mutual funds with lower
PBNs earn higher returns.

Our empirical tests focus on Predictions 1-4, which are grounded in
the attention costs of micro information. Mutual fund holdings are less
well suited to finding evidence of specialization in macro information. In
practice, we expect that macro-informed investors would vary their over-
all level of investment in the stock market based on macro signals, pos-
sibly trading through an index fund, but this variation would not be
reflected in the composition of stock holdings of index funds.

4.1 Mutual fund data

Our mutual fund holdings come from the Thomson Reuters Mutual Fund
Ownership Data (S12), and from the CRSP Survivor-Bias-Free U.S. Mutual
Fund database. The Thomson Reuters (TR) holdings data run from 1980 to
2018 and the CRSP holdings data from 2011 to 2018.> The TR database
provides a longer time series of holdings data, but in the period of overlap, the
CRSP database offers better coverage. We perform all subsequent analysis
using both databases, and the results are consistent between the two.

We obtain mutual fund returns from the CRSP mutual fund returns data-
base, which starts in 1983. We map the TR funds to the CRSP returns data
using a mapping table provided by WRDS. We perform all of our tests
separately for the entire universe of mutual funds, as well as for all mutual
funds but with index funds excluded. We exclude all ETFs and exchange-
traded notes (ETNs) from the analysis. Fund performance is analyzed in two
ways, by using either gross returns (before fees have been charged) or net
returns (after fees have been charged). Net returns and fees (expense ratios)
are obtained from the CRSP mutual fund returns database, and gross returns
are calculated as the sum of net returns and expense ratios. All fund returns
are aggregated to the quarterly level.

The Internet Appendix contains further details, including our fund selec-
tion and data-cleaning methodology, index fund and ETF classification
scheme, and fund mapping process.

4.2 Results

Prediction 1 says that in the frictionless setting of Section 1 investors should
prefer larger consideration sets. Figure 3 shows the 25th, 50th, and 75th
percentiles of mutual fund security holdings over time, using data aggregated
at the quarterly level. The number of securities (left panel) held by the median
mutual fund hovers between 60 and 80 for most of the sample. The number of

The CRSP holdings data start in 2008, but there is a large jump in the number of funds that are covered only in
late 2010.
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distinct stocks held by the median mutual fund increases from roughly 40 to
the mid-60s by the end of the sample. The 25th and 75th percentiles of secu-
rity and stock holdings by mutual funds range from 20 to around 150. Given
that throughout this time period, there are thousands of stocks (as well as
thousands of additional securities, like bonds) that funds can hold, Figure 3
provides strong evidence against a setting without information frictions. As
we show in the Internet Appendix, the average fund’s PFNO (percentage of
firms not owned) hovers around 98%. Funds focus on a very small subset of
all possible securities and clearly do not prefer ever larger consideration sets.
This is in stark contrast to the prediction of the no-information-friction
benchmark model that every fund should have positions in thousands of
individual stocks.

The essence of Prediction 2 is that with fixed attention costs, mutual funds
should prefer to specialize. We test this by checking whether mutual fund
PBNSs are “low.” Consider a fund that owns stocks of 50 firms and receives
investor inflows. The fund looks to invest this money. We assume that the
fund faces transaction costs to rebalance its portfolio, which are currently
high enough that it does not sell stock in any of the 50 firms currently in its
portfolio. If the fund’s consideration set consists of all traded stocks, as would
be the case in the no-frictions benchmark, the fund then observes a signal
about each of several thousand stocks, say 3,000, and chooses to invest its
new capital into whichever one of these stocks has the highest expected re-
turn. Under an assumption of independence, the probability that the new
investment is made into a currently held stock is 50/3,000, and the probability
that the investment is made in the stock of a new stock, not currently held, is
2,950/3,000. Repeating this experiment many times, we would find this fund’s
PBN to be close to 100%, under the null hypothesis of no information
frictions.

Figure 4 shows the median, and the 25th and 75th percentile, of fund PBN's
over time. The left panel shows the PBNs in the sample including index funds,
and the right panel shows the PBNs in the sample excluding index funds. We
note that the median fund’s PBN is typically between 30%—-60%. Assuming
the percentage of firms the fund currently does not own is 98% (the historical
average), a PBN of 0.5 means for every 100 newly initiated buy transactions,
49 (0.5 x 98) come from the fund’s existing set of owned firms. Under the null
hypothesis that the fund is equally likely to buy any stock, this number should
be two. Thus, funds with PBNs in the vicinity of the 25th, 50th, or 75th
percentile of the PBN distribution initiate buy transactions in firms they
already own much more frequently than they would if they had very large
consideration sets. This is strong evidence in favor of the hypothesis that
adding a new position to an existing set of firms is costly, not because of
the transaction costs of trading, but because of the informational resources
that are required.
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Mutual fund holdings

The left (right) panel shows the distribution of the number of securities (unique stocks) held by mutual funds
over time. These data are from the Thomson Reuters database.
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PBN distribution

Distribution of PBN (percentage of stock bought that is new to the portfolio in each quarter) of mutual funds
over time. The mutual fund data are from the Thomson Reuters database. The left panel includes index funds,
and the right panel excludes index funds.

Another notable trend in Figure 4 is that PBNs have been falling over time.
The median fund’s PBN started the sample at close to 60% in the early 1980s
and has steadily declined over time to a 2020 level of around 30%. This is
consistent with Prediction 3 that a fall in the cost of becoming informed will
decrease J, making nonspecialization more costly, and pushing fund manag-
ers toward more concentrated portfolios. The drop in mutual fund PBNs
over the last several decades is as pronounced a pattern as the well-
documented movements of assets under management toward passive strate-
gies (note that the trend in PBNSs is nearly identical in the right panel of
Figure 4, which excludes index funds). Thus, the mutual fund industry has
been transitioning over the last several decades toward index investing and
toward more concentrated portfolios among the nonindexers. These are the
two optimal information sets from Proposition 2.3.

According to Proposition 2.3, nonindex funds find it optimal to specialize,
and, therefore, nonspecialized funds are utilizing their information capacity

39

$20Z 111dy | uo Jasn saueiqi] AlsieAlun eiquiniod Aq 2/ 18S9/L/L/E L /a1onte/sdel/woo dno-olwapeoe)/:sdiy Wwol) papeojumMo(]



24

Review of Asset Pricing Studies | v 13 n 1 2023

suboptimally and should earn lower returns. To test this last (4th) prediction,
we classify funds into quintile buckets based on their PBNs in quarter ¢ — 1,
and check whether the low-PBN (specialized) funds have higher risk-adjusted
returns than the high-PBN (nonspecialized) funds in quarter z. The quarter 1 —
1 classification is based on pooled, full-sample PBN quintiles. In quarter ¢ we
look at the difference in returns between bucket 5 (nonspecialized) funds and
bucket 1 (specialized) funds. Each bucket’s return is calculated as an average
quarter ¢ return where the weights are the total net assets at the end of quarter
t — 1 of each of the bucket’s funds.

We look at six different fund subsets for this analysis: the full sample of TR
fund returns (TR full idx); the full sample of TR fund returns excluding index
funds (TR full nonidx); the same two fund groupings using TR holdings data
starting in 2011 (TR 2011 idx and TR 2011 nonidx); and the same two fund
groupings using CRSP holdings data starting in 2011 (CRSP 2011 idx and
CRSP 2011 nonidx). We restrict the TR data to the same window as the
CRSP data as a robustness check. We perform the analysis using either gross
returns (before fees) or net returns (after fees), and using different risk ad-
justment methods. Gross returns are a cleaner test of the effect of information
choice on fund performance because funds have discretion in the fees that
they charge investors. However, net returns are the more relevant measure for
investors. For these reasons, we report both sets of results.

The first row of each panel of Table 1 shows the average excess returns of
PBN bucket 5 over PBN bucket 1. This excess return cannot be achieved via a
trading strategy because mutual funds cannot be sold short, but it highlights
the difference in returns between less and more concentrated mutual funds.
The second row of each table reports the quarterly alpha of 5-1 excess returns
after controlling for the Fama and French (2015) five-factor model aug-
mented with momentum. The third row shows the alpha of the 5-1 excess
returns after controlling only for the market exposure. Returns are quarterly,
and shown as decimals, e.g., -0.05 means a negative 5% return. Each column
corresponds to a database (TR or CRSP) and time period (full sample or
2011 and after) combination. The top panel in the table shows the results
using gross returns, and the bottom panel uses net returns.**

Let us focus first on the “TR full nonidx” column in the gross returns
panel. High PBN funds underperform low PBN funds by 41 basis points per
quarter. If we adjust for the five Fama-French factors and momentum, the
underperformance of less concentrated funds declines to 37 basis points, and
controlling for only the market, the underperformance increases to 51 basis
points. In all cases, the results are highly statistically significant. Multiplying
these quarterly results by four shows that more concentrated funds (low
PBNs) earn 1.5%-2% higher annualized returns than /less concentrated

Factor data are obtained from Kenneth French’s website. The full regression results are in the Internet
Appendix.
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funds (higher PBNs). The “TR full nonidx” column in the bottom panel
shows that this return differential is higher by about 20 basis points per
year when looking at net returns, the more relevant measure for investors.
The other columns in Table 1 show all other data set and time period combi-
nations. The results are very consistent. Using either the TR or CRSP data-
base, over the full or partial sample, with or without index funds, low PBN
mutual funds outperform high PBN mutual funds by at least 1.5% per year.
The evidence is highly supportive of Prediction 4: larger consideration sets are
wasteful of scarce information capacity, and funds that trade too many
stocks underperform those that are more focused.

4.3 PBNs and fund characteristics

To better understand the types of funds that tend to be low or high PBN, we
classify all fund-quarters into PBN buckets based on full-sample pooled PBN
quintiles and the fund’s prior quarter PBN. We then analyze the character-
istics of funds that fall in each quintile (with 1 the lowest, and 5 the highest).
For this analysis, we restrict attention to the CRSP data because of its more
complete coverage of fund characteristics. Compared to low-PBN funds, the
highest PBN funds are smaller based on their total net assets, are managed by
smaller fund groups, charge higher fees, and have considerably higher turn-
over. Surprisingly, high-PBN funds also have longer-serving portfolio man-
agers. Using CRSP mutual fund objective codes, we find that growth funds
have high PBNs, while income funds have low PBNs. Large cap funds rarely
have high PBNs, while mid- and small-cap funds have hump-shaped PBN
distributions, with more middle PBN funds than either high or low ones.
Finally, funds that are classified as having a sector specialization have low
PBNSs, which is consistent with low PBN funds being more concentrated.
This rich heterogeneity in fund characteristics across PBN quintiles is ana-
lyzed further in Section 1.3.8 of the Internet Appendix.

To gauge whether the performance results in Table 1 are driven by funds’
PBNSs or characteristics, we double sort our fund-quarter observations into
PBN-characteristics groups. The three characteristics we consider are the size
of the fund’s adviser group, the fund’s total net assets, and the fund’s CRSP
objective code. It is possible, for example, that high PBN funds underperform
because they are managed by smaller advisors who have fewer resources to
devote to research. A similar argument can be made about high PBN funds
that have low total net assets. Alternatively, the fund style, for example,
growth versus income, may determine performance, and style may happen
to be correlated with PBN. Double sorting allows us to measure the perfor-
mance of high- versus low-PBN funds, while controlling for fund character-
istics by focusing on a particular characteristic group. In the results detailed
in Section 1.3.8 and Table I11 of the Internet Appendix, we show that high-
PBN funds underperform low-PBN funds across virtually all fund
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characteristics that we consider.>> Combined with the results in Table 1, this
is strong evidence in support of Prediction 4.

Conclusion

Our model predicts that when information capacity is limited, but in the
absence of other information frictions, investors are indifferent to their choice
of information, as long as their full information capacity is used. Our infor-
mation capacity constraint limits the variance reduction investors can obtain
from their signals, but does not penalize investors for conditioning on prices.
Furthermore, investors prefer larger consideration sets to smaller consider-
ation sets. These results continue to hold after we impose a factor structure on
returns, where idiosyncratic shocks are exchangeable and fully diversifiable in
the sense that they sum to zero by construction.

We argue that ever-increasing consideration sets are implausible because,
even when making inference from prices is costless, as in our setting, investors
must still learn some context about each stock that they trade, and this pro-
cess is costly. We model this via a fixed attention cost for each new stock that
an investor chooses to trade. Investors can trade the index fund without any
information penalty, but learning macro information relevant to the index
payoff also carries a fixed attention cost. In this setting, we obtain a special-
ization result in an informative equilibrium: investors strictly prefer to learn
macro information and invest in the index fund, or to learn micro informa-
tion and trade in a single stock. We do not take the “single” stock aspect of
this result literally, but interpret this as proxying for a collection of related
stocks.

We then construct an economy that satisfies the conditions of an informa-
tive equilibrium, and show that the equilibrium is generally characterized by
micro- rather than macro-efficiency. This result is consistent with
Samuelson’s dictum that markets are better at figuring out the “correct”
prices for individual stocks than for aggregate market indexes.

Finally, we use U.S. mutual fund data to test several predictions of our
model, and find that mutual funds: do not favor large consideration sets;
trade as if adding a new security to an existing portfolio is costly; have tended
to become more specialized over time; outperform when they are more spe-
cialized. The latter result is not driven by fund characteristics. All of the
empirical findings are consistent with our assumption that adding a new
stock to an investment portfolio entails a fixed attention cost.

Of our 18 characteristic sorts, only “Hedge & short” objective funds, of which there are very few, have a positive
and significant high- versus low-PBN return, and then only in the sample without index funds.
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A Appendix

A.1 Expected Utility Comparison

We begin with a preliminary lemma concerning an arbitrary set of random variables
S={Xy,..., Xk, Y1,..., Yy} whose covariance matrix has full rank.

Lemma A.1l. The determinant ratios

‘COV[Y],...,Yy,‘Xl,...,XK”

‘COV[Y],...,Yn‘Xl,...,A/,,”

and Al
[cov[Y1,..., Y,]| [cov[Yi,..., Yy,]| ADh
are decreasing inn=1,...,N.
Proof. The proof uses two properties. The first is the identity
Yi,oo o Yo Xiso oo X
|COV[Y1,...,Yn|X1,---,Xk”:ICOV[ 15 s Iny Al 1»” (A2)

[cov[ Xy, ..., Xd]| ’
which holds, in particular, with k = n or kK = K (see, e.g., Anderson 2003, theorem A.3.2). It
follows that the two ratios in (A1) can be written as

[cov[Y1,..., Yo, X1, Xi]|
‘COV[Y],...7 Yn“ . |COV[)(1.,...,)(/(]|7

(A3)

with &k = K and k = n, respectively.
To state the second property we need, for any subset 4 C S, let D(A4) be the determinant of
the covariance matrix of the random variables in A. Then for any 4,B C S,

D(AN B)D(AU B) < D(A)D(B); (A%

(see, e.g., Fan 1968). Sometimes called “Koteljanskii’s inequality,” this is equivalent to the
statement that the differential entropy of a set of Gaussian random variables is submodular,
because the entropy is proportional to the log determinant of the covariance matrix.
Inequality (A4) captures the idea reflected in (A1) of diminishing value of conditioning
information.

Write X for X7,..., Xk. It follows from (A4) that

D(Y1,...,Y,)D(Y1,..., Y, X) < D(Y1,..., Y1, X)D(Y1,..., Yy).
So,

D(Yy,..., Y, X) D(Yy,..., Y, 1,X)
D(X)D(Y],...,Yn) - D(X)D(Yl,...,Yn,l)'

The two sides of this inequality have the form in (A3) with k£ = K. We have therefore shown
that the first ratio in (A1) is decreasing in n. Similarly, two applications of (A4) yield

D(Ylv---»anle---:Xn)D(Xl:~--7Xn—1)D(Y1;---7Yn—l)
< D(Yy,..., Y X, Xu)D(X, .. X)) D(Y . Y)
< D(Yy,..., Y, X1, Xus)D(X, . X)) D(Y, L, Y.

Rearranging the first and last expressions, we get
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D(Yy,..., Y, X1,..., X,) < D(Yy,...,Y, 1, X1,..., X, 1)
D(Xy,...,X,)D(Y1,...,Y,) = D(X1,..., X 1)D(Y1,..., Y1)

In other words, the second ratio in (A1) is decreasing in n. O

Proof of Proposition 1.2. It suffices to treat the case of C={Yy,...,Y,} and
C' ={Yi,...,Y,1}. Recall that W is the unconditional covariance matrix of the
Y; — RPy,. The matrix X is the conditional covariance matrix of the Y; given prices, but
then it is also the conditional covariance matrix of the net payoffs Y; — RPy, given prices. It
follows that |Z¢|/|Wc| has exactly the form considered in Lemma A.1, a determinant ratio for
a conditional and unconditional covariance matrix. The ratio is therefore decreasing in n.
Next we compare values of ,ug‘l’gl,uc. We will use the subscripts 7 and n + 1 to distinguish
the two consideration sets, and we will show that ], |\ ¥, ! s,y > i, ' 1. Write W11 in

block form as
Y, v
LP;H»] = vT u )

where a (= V[Y,41 — RPy,,,]) is a scalar and v is a vector (of covariances) of length n. The
inverse can be derived from theorem A.3.3 of Anderson (2003) to get

vl oo, ] woly
Yol = ( T ) 'l yEme—| "]
On 0 a— VT\P;IV -1
where 0, is an n-vector of zeros. The expression inside the square root is
a—v'¥,'v=V[Y, 1 — RP,.1|Y1 — RPy,..., Y, — RP,] > 0.

To verify that ¥, ! has the claimed form, we evaluate the products

ntl
' o, I 0,
\Pnﬂ - = —_
0, 0 vie b oo
UNT
\PHHJ’QVT:% On \Pnlv _ Onsn 0, .
a—vI¥ v\l —a -1 S

Adding the two term yields the identity matrix. We now have

and

vl oo,

—1 2 -1
o o >“n+l 0V r =y Y+ (09) 2 1Y
n

T oyl T
un+l‘¥n+l“n+l = Hyp (

as claimed. We have thus shown that adding a security to the consideration set decreases Jé
in (10). O

A.2 Expected Utility in the Factor Model

Proof of Proposition 1.3. Under the exchangeability and independence condition, X; and ¥¢
depend on C only through its type, and the same is true for the vector u of expected net payoffs of
the securities in C. It then follows from the general expression for J* in (4) that the investor’s
expected utility is determined by the consideration set’s type.

Evaluation of 11" W~ . To see why the risk premium is missing from (20) and has the indicated
form in (21), recall from (19) that E[S; — RPs,] = 0. It follows that for a consideration set of type
(0, K), uisidentically zero; for type (1, K), only the first component, E[M — RPF],is nonzero. For
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type (0, K), the term x" ¥~ in (4) becomes zero. For type (1, K), it becomes Q- because the
independence of (M, Pr) from the micro shocks and prices implies that
Y1, 1) = 1/¥(1,1) = 1/V[M — RPy].

Evaluation of |Z|. We begin with consideration sets that do not include M. Let X3 be the
covariance matrix of Sy, ..., Sk and thus (by exchangeability) the covariance of any K micro
shocks. Let G denote the K x K matrix with 1s on the diagonal and all other entries equal to
—1/(N — 1), and notice that Gg has full rank for 1 < K < N — 1. It follows from (15) that G s
the correlation matrix of Sy, ..., Sk, sO 2‘2 = oj%G «x, where cr?g is the common variance of the S;.
As Pg,, ..., Pg, are exchangeable and sum to zero, they have the same correlations as S, ..., Sy.
It follows that the covariance matrix of Ps,, ..., Ps, is given by ¥ = 05Gy, where 6% is the
common variance of the prices.

For the cross-covariance between prices and payoffs, observe that exchangeability implies

N

> P, S

i=1

N
= cov|[Ps,, Sj] = cov[Ps,, Sj] + (N — 1)cov[Ps,, S]],

i=1

0 = cov[0,S;] = cov

with k # j. This says that the off-diagonal entries cov[Ps, , S;] are all equal to —1 /(N — 1) times
the common value o ps = cov[Ps,, S;] of the diagonal entries. Thus, the cross-covariance of Py,

s, Ps, with Sy, ..., Sk is given by Z,’zs = opsGk. This matrix is symmetric. The full covariance
matrix of Sy, ..., Sk, Ps,, ..., Ps, is given by
Zlg( Z}‘? G%‘GK O'psGK 0'% ops
= = ® Gk, (A5)
ZZS 22 O'psGK O%GK aps O'gv

where ® denotes the Kronecker product of matrices. By the formula in (A2) for the determinant of
a conditional covariance matrix, |X| is the ratio of the determinant of (A5) to the determinant of
> P the covariance of the conditioning variables. The determinant of the Kronecker product (A5)
is given by (Anderson 2003, Theorem A 4.5),

2 v lX 2 2
S PS
, | % |0k = (0503 — 0ps)" |G| ,
aps gy
and
‘22‘ = G%K|GK‘7
)
2 2 2 \K 2
0305 — 0pg) |Gk
x| = (B0 o IO (2 )8 G| = (VisIPs) G
o3 |Gkl

Evaluation of |'¥). Recalling that \ is the covariance of the S; — RPs, and using the covariance
calculations above,

¥ = 3% + R*ZX — 2R=K¢ = (0% + R*0% — 2Raps) Gy, (A6)

so |W| = (V[S — RPg))¥|Gk|,and

1= [ VISIPs] \©
v (v w)

as required for (20).
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Including M. As (M, Pr) are independent of the micro shocks and prices, when we add M to
the consideration set Si,...,Sk, we multiply |X| by V[M|Pr|] and we multiply |¥| by
V[M — RPp]. The determinant ratio is thus multiplied by V[M|Pr]/V[M — RPp|, as in (21). O

A.3 Utility of the Oblivious

Proof of Proposition 2.2. Under the macro-micro independence assumption (a5i), the expected
utility for a CARA investor factors into the contribution from investing in M and a contribution
from investing in the micro securities. The contribution from M is given by (29), so it suffices to
consider the second factor.

Under  exchangeability, =~ we may assume the  consideration  set s
{S1,...,Sk}, 1 < K < N— 1. Write S for the vector of payoffs and P for the vector of corre-
sponding prices. Write X, X p, and X ps = Xgp for the indicated covariance and cross-covariance
matrices, which we derived in the proof of Proposition 1.3,

Because E[S;] = 0, the oblivious investor’s demands (30) become

1
g=—-X5'RP,
¥

which earns expected utility

7E[e—yqv(S—RP)] _ 7E[6RPTZE‘(S—RP)]~ (A7)

We will evaluate this expectation by first conditioning on P and then taking the expectation
over P.
Conditional expectation given prices P. Recall that if X ~ N(u, X) and v is a vector of the same
length as X, then
E[C’"TX} _ evT;HrvT):v/Z.
We will apply this identity to evaluate the conditional expectation E[eRP %5'S| P]
= RPTZE1 and letting X have the conditional distribution of S given P, which is

by setting v

S|P ~ N(E[S|P], Z)p).
Thus,
E[GRPTZE'S‘P] — ()VTE[S\P]EVTZS‘,W/Z _ eRP’):g'E[S\P]eRPng‘):S‘ng‘RP/z'
Recalling our target in (A7),
E[ERP‘ZE'(S—RP”P] _ e—RP‘):E'RPERP‘):E'E[S\P]ERP‘ZEIZSV,ZEIRP/Z. (A8)
Now E[S|P] = ZspX;! P, so making this substitution we can write (A8)
E[eRPT):;l(S—RP)‘P] _ eRPTARP (A9)
with
1

1
A= 525125‘,)2;1 -3t + Ezglzspz;l‘ (A10)

Expectation over prices P. It remains to evaluate the expectation over P in (A9). We use the
following property: if X ~ N(0,X) is n-dimensional and 4 is n x n and symmetric, then

E[e" Y] = |1 - 254|712,
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provided I — 2X 4 is positive definite (Anderson 2003, Theorem 7.3.1). We will apply this result
with X = RP and 4 as in (A10). We therefore need to evaluate  — 2R*ZpA.

We showed in the proof of Proposition 1.3 that X5 = a%GK, Xp= O’%,GK, and Xgp = Zpg
= opsGy are all proportional to the matrix Gg. The same then holds for the conditional covari-
ance matrix Xgp, as

Zgp = Zs — ZepZp' Tsp = (0% — 0pg/03)Gk.
Making this substitution in (A10), we find that A4 is proportional to G¢!, with
1/1 4 1 1 ops
A=(=(2_Cps ) _ G
(2 (‘725 ﬂéafr») o5 Rogop) *

Since £p = 635Gk, p4 is a multiple of the identity, with

2 2
[—2RSpd = (1 +RZ_ 2RG—P2S+R20—‘ZS)I
Ts Ts Ts

0%+ R%0% — 2Rops + RPokg/o% 7

2
Os

VISi = RPs] + Rcov[S;, Ps]*/V[S] |
vis] '

This K x K matrix is diagonal. The diagonal entries are strictly positive because V[S; — RPs,] = 0
implies cov[S;, P, 5,]2 > (. The matrix is therefore positive definite. Its determinant is the Kth power
of any of the identical diagonal entries. Similarly, for its inverse we have

K
VI[S;
I 2RSpA| ™" = = 2 ’
VISi = RPs] + Rocov[S;, Ps[*/VIS]

as claimed in (31). Recall that (31) shows the squared expected utility, so we are evaluating the
square of (A7), which is why we do not need to take the square root of the determinant. (]

A.4 Market Clearing Prices in the Constrained Model

Proof of Proposition 3.1. The prices Pg, , ..., Ps, given by (43) are independent of the index fund
price P given by (42). It follows that when a micro-informed investor sets demands for the index
fund and a hedged security S, the investor may set these two demands independently of each
other. In setting their index fund demands, the micro-informed choose the same quantity as the
uninformed because the signal s; is independent of M. The market for the index fund thus has the
form of the single-security market of Grossman and Stiglitz (1980), with 4,, informed investors
and Ag + Ay uninformed. The Grossman-Stiglitz price takes the form in (42), with coefficients ar,
br, and ¢y given in Section 1.1.1 of the Internet Appendix. The supply of the index fund cleared at
this price is Xz We can think of this supply as X shares of M; more precisely in our setting, this
supply is X/ N shares of every stock.

The As/N investors in stock 7 face the price Py, in (43) for the hedged security S;. A standard

calculation shows that each such investor’s demand is given by

E[S,’|S,'] — RPS. .
Bl sl L S )
BTV 1

The total demand for S; is therefore ¢s,2s/N = X;/N.
Each stock i pays M + S; and has supply (Xr + X;)/N, i = 1,..., N, so the value of the total
supply is
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=

1

1 & 1 & 1 &
5 2 (Xr+ X)) (M +5;) = XpM + NZXfS,» + XFNZSf + MNZX,
I i=1 i=1 i=1

1

|
=XrM +N;X:‘Sn

using the exchangeability properties (14) and (39). In other words, clearing the stocks is equivalent
to clearing X shares of M and X;/N shares of each S;, and we have shown that these are indeed
the demands that follow from the prices (42) and (43). O

A.5 Existence of Equilibrium
We begin with a condition that keeps oblivious investors out of the market.

Lemma A.2. Suppose prices are as in (42) and (43 ), and suppose J% = J2, when the micro-
informed use their full capacity, in the sense that the first equality in (47) holds. If

-1 < fs < 1, (A11)
then J3, < J%,_] k. Jor all K > 1, so being an ordinary uninformed investor is strictly preferred
over being an oblivious investor.

Proof. In light of the expression for J2, in (29) and for Jz,’K in (31), we need to show that
VI[S] > V[S — RPs] + cov[S, RPs]*/V]S]. (Al2)

Equating the expressions for J%, in (29) and J3 in (46), we get

V[S— RPs| .9

2yc 2

1=7 /= — 2 .
ul’s VisiPs] ¢k

Making the substitution V[S|Ps] = V[S|s]d/k from the capacity constraint (47), we get
V[S — RPs] = ¢ V[S]s] = ¢¥*(1 — f5)V[S].
Also, from (43) we get cov[S, Ps] = cov[S, s] = fsV[S]. Thus, (A12) holds if
VIS] > e¥(1 — fs)VIS] + £5V[S];
that is, if 1 — /3 > €¥¢(1 — f5), which holds if 1 4+ f5 > ¢ and fs < 1. O

Proof of Theorem 3.1. We need to show that under the conditions of the theorem, (44) and (47)
hold. Equation (44) specifies the conditions we need on the expected utilities of the different types
of investors, and Equation (47) confirms that the expected utilities of the informed investors are
achievable under the information constraints. We divide the proof into three parts: showing that
J% = J7, and the first equality in (47) hold; showing that J, < J3, i, and J5 < J§ 4. forall K > 1
(so all types other micro-informed, macro-informed, and ordinary uninformed are strictly dom-
inated); showing that J3, = J%, and the second equality in (47) holds.

Part 1: proving that J% = J3; and the first equality in (47) hold. To address (47), we begin by
showing that the condition x < ¢ (which we imposed when we introduced J in Equation 22)
holds within the valid cost interval. This condition ensures that informed investors can learn about
at least one stock. As ke = §p, it suffices to show that 5/ < €%, which holds throughout the
interval provided 0r/0 < f_. Equivalently, we need

V9 =855/ < 3—20p/5,

and squaring both sides shows that this follows from d5/d € (1,9/8).
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We could prove the first equality in (47) and the condition J% = J2, by substituting the claimed
expressions for fg and Ag and verifying that the needed equations hold. The argument is clearer if
we proceed in the opposite direction, deriving the claimed expressions for Ag and fg from these
equations and noting that each step could be reversed.

Comparing (29) and (46), we find that Jé = J%, is equivalent to

VIS|Ps] 9
= Al3
V[S— RPs] &F’ A3
because ¢¥x = dr. We use (A13) to solve for /. In the numerator of (A13), we make the
substitution V[S|Ps] = V[S|s]d/x = (1 — f5)V[S]6/x from the capacity constraint (47); in the
denominator, we use the expression for Pg in (43). Equation (A13) then becomes

(1 f5)V[S)3/x _9
(1= fs)VS] +2(1 — fs)* VIS’ V[X]/ 2% oF

Noting that x/dF = e~2' and taking the reciprocal of both sides, we get

w2 (1 = fe

|y PUBIVISVI
s

Solving for i?g yields A? = L%, with Ly as defined in (49) and evaluated at fs.

We derive a second expression for /lé starting from (47). First observe that

2 2] 2
Visipg) = Vis] - U EE vy SsVIS] A
V(Ps] SsVISI+ P VISPVIXI(1 = fs)"/ 75
Making this substitution in (47) together with V[S|s] = (1 — f5)V][S], yields
0] [ p— —
Js +?VISIVIX(1 = fs)"/ 25
Replacing x with e~2“y and solving for /lé, we get
— 1+ 8pe™2¢/8) (1 — f5)
2= r 2572 X Al
S (1 _ 51:@727“‘/5) fs‘ / V[S] V[ ]7 ( 5)
whenever
1—0pe2)5 < fs < 1; (A16)

we will verify in Part 2 of the proof that (A16) holds in the valid cost interval when fs is given by
(48).
Equating the two expressions we have derived for ).i yields

1—fs  (fs—1+6re72/8) (1 = f5)
T -1 (1o /o) f5

and thus

Fs(1 = 8pe2/8) = (8pe72 /6 — 1)(e¥ — 1) + fs(e¥ — 1).

By solving for f we get (48). As the equations derived for Ag rely on (A16), (48) is valid only for
[sin this range. Substituting fs(c) in (49) yields /s as a function of c.

Part 2: proving that J% < J3 ; and J3; < JzU, i for all K> 1. We know from Grossman and
Stiglitz (1980) that the coefficient by in the price Py in (42) is nonzero. It follows that Py has
nonzero correlation with M and, therefore, as explained following Proposition 2.1, that
Ji < i
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Next we show J?, < J7, . Inlight of Lemma A.2, it suffices to show that our choice of f5(c) in
(48) satisfies (A11) on the valid cost interval.
With f5(c) in (48), the lower bound in (A11) becomes

(1 = 5pe2¢ /5)
(€ — 1) — (1 — ope 2/5)

> 1. (A17)

We showed at the beginning of Part 1 that k' < ¢ in the valid cost interval, so the numerator of
(A17) s positive in the valid cost interval. If we set § = ¢*’, the condition that the denominator in
(A17) be positive becomes 2 — 2 + d/6 > 0, which holds for all f because 67/d > 1. The
condition in (A17) can therefore be written as

2(1 = dpe ¢ /5) > & — 1. (A18)

Again setting § = €%, we can write (A18) as > — 3/ + 20F/d0 < 0. This condition holds for
p_ < B < P.,,thevalid cost interval (and only in this interval). We have thus shown that f5(c) in
(48) satisfies the lower bound in (A11) on the valid cost interval. Also, because the denominator of
(A17) is positive, we have fs(c) > e¥ — 1 > 1 — dpe~27 /5, which proves the lower bound in
(A16).

Next we show that the upper bound fs(¢) < 1 required for (A11) also holds in this interval.
Write fs(c) in (48) as

(B=D(B—6r/0) _ B~ (1 +0p/0)p+0r/5 _ | (6p/0—1)p

B> — 2B+ /0 B> — 2B+ 0r/0 B —2B+0r/0

The last expression is strictly bounded by 1 because § > 0, 6 > ¢, and we established previ-
ously that the denominator is positive. We have thus shown that fs(c) satisfies (A11) for ¢ in the
valid cost interval.

Part 3: proving conditions on fy; and 2. For any fyy € (1 —e%¢, 1), we derive the values of
Aar compatible with the second equality in (47). From the price Prin (42), we get

B cov[M, Ps]?
V[M|Pr] = VM| TR
_ B3 VIM])
= VM RN M+ GV (A19)

LuVIMP .
SuV[M]+2VIMPVIXF (= fu)* /73,

Also, V[M|m] = (1 — fy)V[M]. Making these substitutions in the condition V[M|m]/V[M
|Pr] = k/0F in (47) and solving for 1,,, we find that 1,/ is given by (50), using the condition
fur > 1 — e ¢ to ensure that the expression inside the square-root in (50) is nonnegative. The
resultant value for 1,/ is valid if it does not exceed 1 — As(c). Thus, for any fy, and Ay = Ly
(fu, c) satisfying

= V[M] -

l—e2 < fiy <1, Ay < 1—=4s(c), (A20)

the second equality in (47) holds (macro-informed are able to use their full capacity) so J3, is given
by (45). Comparing the expressions for J2, and J3, in (29) and (45), we see that ¥“k = §F implies
JZU = Jﬁl. Thus, for f3, in the range where (A20) holds, we have an equilibrium with Jﬁ/, = Jé
=J and Ay + is+ Ay = 1.0

In the discussion following the statement of Theorem 3.1, we commented that the largest
potential value of 1,is attained at iy = f},(c) = V1 — e=2. We now show why this holds. With
Ay = Ly as given by (50), we can write
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2 6—271' — 24 /1 — e~

[—e e

(far — 1 /1 — ‘,727(‘)2
(I —e ) u
The term subtracted on the right is positive, so 4,/ is indeed maximized at f; = f},(c), where

that term vanishes. The maximum is given by

By = PVIMIVXF] - PVIMIVIXF. (A1)

302 o 2
220) = (“17 Vj;;)yzv[M]V[XF] - (%gg”) PVIMIVIXG]. (A22)

*

Every value of 4, between 0 and min(4},(c), 1 — As(c)) is consistent with equilibrium for
some value fysin (1 — =2, f3,(c)] and some value of fy, in [f3,(c), 1).
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