
Module 6: Information processing
cost and rational inattention

Xu Jiang

Duke University

Costly information processing 1 / 12



Outline

▶ Lesson 1: Introduction to information processing costs

▶ Lesson 2: Limited attention and how firms present
information

▶ Lesson 3: Introduction to rational inattention

▶ Lesson 4: Rational inattention and portfolio
under-diversification

▶ Lesson 5: Rational inattention and aggregation

▶ Lesson 6: Rational inattention and disclosure

Costly information processing 2 / 12



Contents

▶ Lesson 1: Introduction to information processing costs

▶ Lesson 2: Limited attention and how firms present
information

▶ Lesson 3: Introduction to rational inattention

▶ Lesson 4: Rational inattention and portfolio
under-diversification

▶ Lesson 5: Rational inattention and aggregation

▶ Lesson 6: Rational inattention and disclosure



Connecting to lesson 1

• In lesson 1 we say early literature assumes that investors incur
costs in acquiring and processing information -> But usually
assume that investors either understand the fundamental or some
noisy version of it

• How investors acquire and process information is still a blackbox

• Rational inattention provides a more formal way of opening the
blackbox and connect information acquisition/processing to
investors’ cognitive constraints
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Motivation of rational inattention

• The workhorse model used in macroeconomics is the so-called real
business cycle models based on rational expectations framework,
pioneered by Pigou 1929 “A study in public finance” and Lucas
1975 JPE “An equilibrium model of the business cycle”

• The underlying assumption of the rational expectations is that
people form expectations conditional on all the information
available to them and take into account that others will do so as
well at the instant when making decisions

• Intuitively, such model will predict decision variables (e.g., prices
and wages) to fluctuate instantaneously and completely to new
information; such predictions, however, are inconsistent with
empirical data

• Examples in accounting include PEAD (Bernard and Thomas
1989 JAR, 1990 JAE) and the accrual anomaly (Sloan 1996 TAR)
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What is rational inattention

• Pioneered by Sims (1998 “Stickiness”, 2003 JME “Implications of
rational inattention”), rational inattention relaxes the
assumption that people can process all the information available
to them and form expectations on them

• Technically, it adds an information flow constraint in the
optimization problem; intuitively, even if the signal may be a
perfectly informative signal about the fundamental, people
perceive this informative signal as some noisy signal about the
fundamental, as paying full attention is prohibitively costly

• It generates sluggish response to new information, i.e.,
underreaction to new information, which better fits the observed
empirical data
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Difference from costly information acquisition

• The literature on costly information acquisition is similar in the
sense that it assumes that investors incur a cost to acquire
information, with higher cost for acquiring a more informative
signal

• The difference between rational inattention and the costly
information acquisition framework lies in: 1) investors choosing
allocation of attention among various signals (e.g., signals
recognized in the financial statements versus signals disclosed in
the footnotes); 2) investors having flexibility in choosing how to
understand the signals (i.e., choosing the underlying information
structure rather than choosing the precision of a normally
distributed noise), subject to an information capacity constraint.
Those two differences can potentially generate richer and more
general implications

• The second point, denoted as flexibility, is often ignored in the
literature
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A simple framework of rational inattention

• Suppose an investor makes trading decisions, denoted as y, based
on their understanding of an earnings report x; the report x has
a prior distribution g(x)

• The investor chooses how much attention to pay to x, resulting in
a noisy signal s of x. The more attention paid, the less noise in s.
The investor then makes decision y based on s, or, equivalently,
based on the posterior distribution of x, denoted as l(x|s);
however, no particular form on l(x|s) is imposed (i.e., l(x|s) can
be any form)

• Paying attention is costly and Sims (2003) introduced a cost
function based on entropy and mutual information from
information theory to capture the cost of paying attention
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Entropy and mutual information

• The purpose of information is to reduce uncertainty. Therefore, a
measure of informativeness is a measure of reduction of
uncertainty, which requires a measure of uncertainty to start with

• For x, without any information s, the prior uncertainty is
measured by the entropy of the prior distribution g, defined as

H(x) = −E[log g(x)] = −
∫

log g(x)× g(x)dx

H(g) is larger the less informative g is. For example, if x is
known to be equal to a for sure, then g(x) = δ{x=a} and H(g) = 0

• When s is learned, the posterior uncertainty is measured by the
entropy of l, defined as

H(x|s) = −E[log l(x|s)]

= −
∫ ∫

log l(x|s)× l(x|s)dxm(s)ds,

where m(s) is the prior distribution of s
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Entropy and mutual information

• Again H(x|s) is larger the less informative s is. It can be shown
that H(x|s) ≤ H(x), i.e., l is at least as informative as g (as s is
at most useless)

• The difference, I(x; s) ≡ H(x)−H(x|s), is defined as the mutual
information between x and x|s; the larger I(x; s) is, the more
informative s is about x

• The rational inattention literature usually assumes that
processing cost C = λI(x; s) for some λ > 0 and imposes the
constraint that C ≤ k where k is interpreted as a cognitive
processing capacity
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Why not use variance to measure uncertainty

• Entropy is equivalent to variance for the normal distribution
case, but only for this special case

• Consider the following example (Jiang and Yang 2017 JAE):
Suppose there are N > 2 states indexed by i ∈ {1, 2, ..., N} and
consider two scenarios. In scenario A, uncertainty is represented
by both state 1 and state N occuring with 1

2 probability, and the
rest N − 2 states occuring with 0 probability. In scenario B,
uncertainty is represented by 1

N probability for each state
i ∈ {1, 2, ..., N}

• When N > 2, var(A) = (N−1)2

4 > var(B) = (N−1)(N+1)
12 . Thus,

based on the variance measure, A exhibits more uncertainty than
scenario B. But this is counterintuitive, as in scenario A there
are only two possible outcomes but in scenario B there are N
possible outcomes. This requirement rules out variance as the
measure for uncertainty
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General insights from rational inattention

• Flexibility not an issue if g is normal and optimal decision y is
unbounded and linear in x (e.g., quadratic or mean-variance
preferences) as in this case optimal attention allocation always
results in l being a normal signal

• More attention paid when prior uncertainty is larger

• More attention paid when the signal is more important (e.g., if y
depends on x1 and x2, then more attention will be paid to signals
of x1 if y varies more with x1)

• Attention paid to limited number of signals (e.g., if y depends on
x1,x2, ..., xm, then attention may only be paid to the n < m most
important signals)
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Concluding slide for lesson 3

• Rational inattention means that people rationally pays less
attention to information signals that are less important to them,
given the information processing capacity constraint

• Rational inattention explicitly assumes an information processing
cost based on mutual information which is rooted in information
theory

• Next lesson: Rational inattention may explain the portfolio
under-diversification puzzle

• A review quiz of this lesson can be found at
https://forms.gle/FbJktrUN3V4if81h8
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