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Abstract
Release of Information with Imperfect Memory

Ioannis Sarafidis
Yale University
2001

Recent experimental evidence in psychology and neuroscience has established that the
principles of similarity and repetition govern the recall process for episodic memories.
I use these two principles as building blocks in developing a formal model of memory
and explore its economic implications for a wide range of economic and social settings,
including political campaigns, news management prior to [POs, marketing for new
products, emplovee-performance evaluations and public opinion formation.

In chapter 1, What have you done for me lately? Release of Information and
Strategic Manipulation of Memories I start by deriving the memory model. I then
apply the model to an economic setting, by addressing the issue of how one should
time a fixed number of informative events, in order to manipulate the memories that
a forgetful assessor will eventually have. I show that the spacing of events is crucial
for what agents will remember and I characterize the spacing properties of optimal
profiles. The theoretical results translate to normative claims that can be exploited
by, among others, politicians involved in election campaigns, advertisers timing the
airing of commercial spots, managers controlling the release of corporate news and
employees timing their effort prior to a promotion decision.

Chapter 2 extends the model of the first chapter by relaxing the assumption that



the agent times a fixed number of events. Instead, the agent can generate events at
some cost. Such an extension Widens the applicability of the model and it paves the
way for future empirical testing of the model. I show that the driving forces behind
the two models may be different, but the following result is true in both models:
favorable past events, possibly stochastic, will make the agent more eager to release
more favorable events.

The dissertation concludes with chapter 3, Revising Non-Additive Priors. which
considers the problem of updating a convex capacity upon receipt of a signal. Convex
capacities arise in decision theory in an effort to model the Ellsberg paradox: the

psychological finding that people are overly averse to uncertainty.
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Introduction

The underlying motivation behinci this dissertation is an effort to bring insights from
psychology into economics. Until very recently economists had ignored the possibil-
ity of psychological factors affecting decision making processes, because agents were
assumed to be ;ational. However, in recent years there has been a growing interest
in bounded rationality, the idea that people’s ability to make rational choices is lim-
ited by cognitive limitations and psychological biases. The essays in this dissertation
belong to this vein of research, whose goal is to produce more realistig models by
injecting psychological insights about human behavior and cognition into economics.

In chapter 1, What have you done for me lately? Release of Information and
Strategic Manipulation of Memories, I use assumptions based on recent experimental
evidence from cognitive psychology to build a formal model of memory. I then explore
the model’s economic implications by addressing the issue of how one should time a
sequence of informative events in order to manipulate the memories of one’s forgetful
assessor. I believe that this is aﬁ important problem, because in a wide range of
economic interactions, agents are rewarded at some critical date on the basié of an
assessment of their past performance. In many such cases, an objective criterion that

summarizes past performance is not available and, as a result, assessors have to rely



on their memories of past informative events, which are not perfect.

To motivate the results, assume that an incumbent senator faces re-election at
some future date. Public support for the senator depends on the electorate’s memories
of past events pertaining to the senator, such as what side he took in a controversial
dispute, or how he handled a labor union crisis. Suppose, that a few months before
the election, our senator is lucky enough to get a series of positive boosts to his image
from a number of recent events. Now, he has to schedule the announcement of a new
popular tax plan and a public appearance that will generate a lot of positive publicity.
You have just been hired as his political consultant. How do you advise him?

At first glance the problem of information release with imperfect memory seems
trivial; the politician should simply release all good news close to the election date so
that they are memorable. However, the experimental evidence shows that the mech-
anisms behind human memory are more complicated, and the problem of releasing
information becomes more interesting. In particular, the experimental evidence shows
that memory operates on the principles of similarity (cue dependence) and repetition
(rehearsal). Loosely, cue-dependence refers to the phenomenon that current events
trigger memories of similar past events, and rehearsal refers to the fact that recalling
the memory of an event makes it more likely to be remembered in the future. With
cue-dependance and similarity in mind, the politician now faces a trade off. On the
one hand, since people forget, it is wise to time these two events as late as possible in
order to make them more memorabie at the time of the election. I refer to this as the

recency effect. On the other hand, he wants these events to reinforce the existing good



memories of past events. To maximize this rehearsal effect, the two events should be
scheduled as early as possible, to reinforce the “good news”, before these memories
fade away. Optimal decisions are dictated by this trade off between the recency and
the rehearsal effects.

I find that, as this sketch suggests, the timing of events is crucial for what the
assessors remember. In quasi-rational models, it is often the case that the order of
informative signals is important, since it determines how people will perceive future
events. In this model, what is important is not only the order (i.e., which event comes
first and which comes second), but the actual spacing (i.e., the amount of time that
elapses between the two events). The shorter the amount of time between two events
the more effective will the second one be in triggering the memory of the first. This
logic dictates that good news, referred to as successes, should be bunched together in
order to reinforce each other’s memories and, by the same token, bad news, referred
to as failures, should be spread apart. In addition, I show that the optimal rule for
when to release information has a nice simple form. Loosely speaking, we can think
of a streak of stochastic events (both good or bad) creating a “stock” of news. When
this stock is above a certain threshold level, it triggers the agent to try to generate
further successes. These successes reinforce fresh memories of past successes and they
guarantee that past failures will not be reinforced.

The results can be applied to executives managing news prior to an IPO, to advi-
sors managing political campaigﬁs, to advertisers scheduling the airing of commercial

spots prior to a product or movie release, to employees timing their efforts prior to a |
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promotion decision, and to students timing their class contributions prior to the end
of term. An application particularly close to home is the timing of publications and
seminars by junior faculty prior to a tenure decision or by a graduate student prior
to the job market.

The second chapter extends the model to allow for a convex cost for generating
additional events and a continuous choice variable. An extension along these lines
allows us to apply the model to settings where this new set of assumptions is more
relevant. Consider a worker who will be evaluated at some future date on the basis of
his past output performance. Each period he can increase the probability of high, as
opposed to low, output level by exerting more effort. In this case, there is no reason
to believe that working hard today will deplete the amount of effort that you can
exert tomorrow. Instead, assuming that effort is costly is more appropriate. I find
that the driving forces behind this model and that of chapter one are very different.
The assumption that there is no fixed budget is crucial, because there is no longer a
trade off between working hard now or later. However, I find that these two different
models give rise to a similar result, that the higher the stock of past news the more
motivated the agent will be to deliver a new success.

The third chapter, Revising Non-Additive Priors, is joint work with Ricky Lam.
We consider the problem of updating a convex capacity upon receipt of a signal of
known additive likelihoods. Convex capacities arise in modeling the psychological
finding that people are uncertainty averse, also known as the Ellsberg paradox. f‘or

motivation, consider an employer who has a subjective prior over the quality of a



worker and who knows the distribution for output conditioned on each level of quality.
How does she updaté her beliefs regarding quality upon observing some output level?
If her prior is additive, this problem is trivial: Bayes’ rule suffices. This involves two
steps: first, calculate the probability measure on the product space, of pairs of quality
and output, and then use Bayes’ rule to calculate the posterior beliefs for quality.
When the employer’s beliefs are represented by a capacity, calculating a measure
over the product space is no longer so simple.‘ We propose two rules: the first uses
the idea of Choquet integration over identity functions and produces a non-additive
measure over the product space; the second converts the initial non-additive measure
to a set of additive priors, and then applies Bayes’ rule to each element in this set.
We show that these rules are related but are not equivalent. We argue that their non-
equivalence highlights a limitation of non-additive measures. While this limitation
does not matter for the representation of uncertainty-averse preferences, it results in

a loss of information when beliefs have to be revised.
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1.1 Introduction

In a wide range of social and economic interactions, agents are rewarded at some
critical date on the basis Qf an assessment of their past performance. In many ‘such
cases, an objective criterion that summarizes past performance is not available and,
as a result, the agents that provide the assessment, referred to as the assessors, have
to rely on their memories of past informative events. For example, assume that an
incumbent senator faces re-election at some future date. Then, public support for
the senator depends on the electorate’s memories of past events pertaining to the
senator, such as what side the senator took in a controversial dispute, or how he!
handled a labor union crisis. In a labor market setting, the decision of whether to
promote an associate consultant to a VP, or what his bonus should be, may depend
on the memories that his superiors have over his past accomplishments. Similarly,
the success that a new SUV model will enjoy when it is launched depends on the
effectiveness of the advertising campaign that was used to support it.

This paper takes a bounded rationality stance, assuming that imperfect memory
is an indisputable limitation of human cognition. Using assumptions motivated by
research in cognitive psychology and neuroscience, I build a formal model of memory
and then explore its economic consequences by addressing the issue of how one should

time the sequence of informative events in order to manipulate the memories of one’s

!Throughout, male pronouns are reserved for the agents under assessement and female ones for

their assessors.



forgetful assessor. The results apply to any social or economic setting where products
or people undergo periodic assessment.

Motivation

To fix ideas, return to the example of a senator facing an election. If people had
perfect memory, the timing of past events would be unimportant. With imperfect
memory, however, different timing profiles of past events rank differently in creating
a positive image for the senator and making re-election more probable. Furthermore,
assume that the senator can time some events at his discretion, for example he can
choose when to schedule a public appearance on a TV show. How should he, then,
time the sequence of the events which are at his discretion?

Naively one may think that the problem of releasing information to a forgetful
assessor is as trivial as that: successes or good news (i.e., events whose memory
increases final payoffs) should be scheduled close to the critical date of assessment so
that they are more memorable and failures or bad news (i.e., events whose memory
decreases payoffs) should be released as early as possible so that their memories have
sufficient amount of time to decay. However, recent findings in cognitive psychology
suggest that the workings of human memory are more intricate and thus the problem
of releasing information becomes more complicated and more interesting than it first
appears.

In particular, experimental evidence shows that memory operates on the principles
of similarity and repetition. In a few words, more are to be found in the next section,

similarity refers to the phenomenon that current events trigger memories of similar






