T .
A By =A

. . : Penn Insti for E ic R h
L =TI[(xB] [1-pxB]L = o Department of Economics
( o i University of P lvani
c=a(l,w )y r=raf ety o F
U (0=F [B(1+rtt+1)) U () Philadelphia, PA 19104-6297
J i k-FY, , B A pier@econ.upenn.edu
ry & ;;"." | P P4 Y i ( http://www.econ.upenn.edu/pier

L =TI[o(xp] [2-0xBIL =

AYC A

U (0)=E [B(1+r(t+1)) U (¢)

PIER Working Paper 01-057

“ Confidence Enhanced Performance”

by

Olivier Compte and Andrew Postlewaite

http://papers.ssrn.com/sol3/papers.cfm?abstract 1d=300422



mailto:Pier@econ.upenn.edu
http://papers.ssrn.com/sol3/papers.cfm?abstract_id=300422

*

Confidence Enhanced Performance

Olivier Compte Andrew Postlewaite
CERAS University of Pennsylvania
May, 2001

This version: December, 2001

Abstract

There is ample evidence that confidence can affect performance: confidence can
improve performance, while a lack of confidence may diminish it. For example, the
fears induced by the possibility of failure or of negative evaluations have physiolog-
ical consequences (shaking, loss of concentration) that may impair performance in
sports, on stage or at school.

There is also ample evidence that individuals have distorted recollection of past
events, distorted attributions of the causes of successes of failures. Recollection of
good events or successes is typically easier than recollection of bad ones or failures.
Successes tend to be attributed to intrinsic aptitudes or own effort, while failures
are attributed to bad luck. In addition, these attributions are often reversed when
judging the performance of others.

The objective of this paper is to reconcile the two phenomena described above,
and show that in a world where performance depends on confidence biases in infor-
mation processing can increase welfare.

1. Introduction

There is ample evidence that people are overly optimistic. Among the many studies
that show that in comparison to others, individuals evaluate themselves more highly
than others do is Guthrie, Rachlinski and Wistrich (2001). Guthrie et al. distributed a
questionnaire to 168 federal magistrate judges as part of the Federal Judicial Center’s
Workshop for Magistrate Judges II in New Orleans in November 1999. The respondents
were assured that they could not be identified from their questionnaires, and were told
that they could indicate on their questionnaire if they preferred their answers not to

*Much of this work was done while Postlewaite was a visitor at CERAS. Their support is gratefully
acknowledged, as is the support of the National Science Foundation.
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be included in the research project. One of the 168 judges chose not to have his or her
answers included.

To test the relationship of the judges’ estimates of their ability relative to other
judges, the judges were asked the following question to estimate their reversal rates on
appeal: “United States magistrate judges are rarely overturned on appeal, but it does
occur. If we were to rank all of the magistrate judges currently in this room according
to the rate at which their decisions have been overturned during their careers, [what]
would your rate be?” The judges were then asked to place themselves into the quartile
corresponding to their respective reversal rates: highest (> 75%), second highest (>
50%), third highest (> 25%), or lowest.

The judges answers are very interesting: 56.1% put themselves into the lowest quar-
tile, 31.6% into the second lowest quartile, 7.7% in the second highest quartile and 4.5%
in the highest quartile. In other words, nearly 90% thought themselves above average.

These judges are not alone in overestimating their abilities relative to others. People
routinely overestimate themselves relative to others in driving, (Svenson (1981)), the
likelihood their marriage will succeed (Baker and Emery (1993)), and the likelihood
that they will have higher salaries and fewer health problems than others in the future
(Weinstein (1980)).

People do not only overestimate their likelihood of success relative to other people;
they overestimate the likelihood of success in situations not involving others as well.
When subjects are asked questions, and asked the likelihood that they are correct along
with their answers their “hit rate” is typically 60% when they are 90% certain (see, e.g.,
Fischoff, Slovic and Lichtenstein (1977) and Lichtenstein, Fischoff and Phillips (1982)).

Biases in judging the relative likelihood of particular events are frequent, and many
scholars have attempted to trace the source of these biases. One often mentioned source
is the over-utilization of simple heuristics, such as the availability heuristic (Tversky
and Kahneman (1973)): in assessing the likelihood of particular events, people are often
influenced by the availability of similar events in their past experience. For example, a
worker who is often in contact with jobless individuals for example because he is jobless
himself, would typically overestimate the rate of unemployment; similarly, an employed
worker would typically underestimate the rate of unemployment. (See Nisbett and
Ross (1980), page 19). In the same vein, biases in self-evaluations may then be the
result of some particular past experiences being more readily available than others:
if good experiences are more easily remembered than bad ones, or if failures tend to
be disregarded or attributed to atypical circumstances, people will tend to have overly
optimistic self-evaluations (see Seligman 1990 for more details on the connection between
attributional styles and optimism).

These biases are often seen as “shortcomings” of judgement or pathologies that
should be corrected. Certainly, classical decision theory views such biases as defects
that can only lower the welfare of an individual afflicted by them in decision making.
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And a natural question is then: why don’t people learn to correct these biases? Psy-
chology has been more open to possible positive benefits of biased perceptions. Taylor
and Brown (1988) survey a considerable research that suggests that overly positive
self-evaluation, exaggerated perceptions of mastery and unrealistic optimism are char-
acteristic of normal individuals, and that moreover, these illusions appear to promote
productive and creative work.

There are a number of ways in which an individual’s psychological state might affect
his or her performance. Steele and Aronson (1995) provide evidence that stress can
impair performance. Blacks and whites were given a series of difficult verbal GRE
problems to solve under two conditions: the first was described as diagnostic, to be
interpreted as evaluating the individual taking the test, while the purpose of the second
test was described as determining how individuals solved problems. Steele and Aronson
interpret the diagnostic condition as putting Black subjects at risk of fulfilling the
racial stereotype about their intellectual ability, causing self-doubt, anxiety, etc., about
living up to this stereotype. Blacks performed more poorly when stress is induced (the
diagnostic condition) than under the neutral condition.'

Aronson, Lustina, Good, and Keough (1999) demonstrate a similar effect in white
males. Math-proficient white males did measurably worse on a math test when they
were explicitly told prior to the test that there was a stereotype that Asian students
outperform Caucasian students in mathematical areas than did similar students to whom
this statement was not made.

Stress is not the only psychological condition that can affect performance. Ellis et al.
(1997) showed that mood affected subjects’ ability to detect contradictory statements
in written passages. They induced either a neutral or a depressed mood by having par-
ticipants read aloud a sequence of twenty-five self referent statements. An example of a
depressed statement was “I feel a little down today,” and an example of a neutral state-
ment was “Sante Fe is the capital of New Mexico.”? They found that those individuals
in whom a depressed mood was induced were consistently impaired in detecting con-
tradictions in prose passages. McKenna and Lewis (1994) similarly demonstrated that
induced mood affected articulation. Depressed or elated moods were induced in partic-
ipants, who were then asked to count aloud to 50 as quickly as possible. Performance
was retarded in the depressed group.

Physical reaction time was shown to be affected by induced mood by Brand, Verspui
and Oving (1997). Subjects were randomly assigned to two groups with positive mood
induced in one and negative mood in the other. Positive mood was induced by showing
the (Dutch) subjects a seven minute video consisting of fragments of the 1988 European
soccer championship in which the Dutch team won the title, followed by a two minute

!See also Steele and Aronson (1998) for a closely related experiment.
?See Teasdale and Russell (1983) for a fuller description and discussion of this type of mood induction.
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fragment of the movie “Beethoven” including a few scenes of a puppy dog. Negative
mood was induced by showing subjects an eight minute fragment of the film “Faces
of Death” consisting of a live recorded execution (by electric chair) of a criminal.®
Subjects with positive induced mood showed faster response times than did subjects
with negative induced mood.

There is a large number of studies that demonstrate that an individual’s psycho-
logical state affects performance. We will mention one last study before moving on.
Baker et al. (1997) also induce elated and depressed moods in subjects,® and show
that induced mood affects subjects’ performance on a verbal fluency task. In addition,
Baker et al. measure regional cerebral blood flow using Positron Emission Tomography
(PET). They find that induced mood is associated with activation of areas of the brain
associated with the experience of emotion. This last finding is of particular interest in
that it points to demonstrable physiological effects of mood.

Our aim in this paper is to model choice in a framework in which psychological state
or beliefs can affect performance. We will show that when psychological state affects
performance, biases in information processing are a natural response. Stated another
way, far from being a liability, biases increase welfare.

Finally let us mention one application of our result to the Economics and Psychology
literature that studies psychological games.? In these games, beliefs affect utilities and
our analysis questions whether the standard assumption that beliefs should be correct
in equilibrium is a valid one. If agents have some (possibly limited) control over their
attributional styles, they should learn to bias their beliefs in a way that increases welfare,
and in the long-run, we should not expect beliefs to be correct.

We present the basic model, including the possibility that an individual’s perceptions
can be biased, in the next section.

2. Basic model

We consider an agent who faces a sequence of decisions of whether or not to undertake
a risky activity. This activity may either be a success or a failure. We have in mind a
situation as follows. Consider a lawyer who is faced with a sequence of cases that he
may accept or decline. Accepting a case is a risky prospect as he may win or lose the

3Subjects in this group were explicitly told in advance that they were free to stop the video if the
emotional impact of the fragments would become too strong. Seven of the twenty subjects made use of
this possibility about halfway through the video.

*Depressed, neutral and elated states are induced by having subjects listen to extracts of Prokofiev’s
“Russia under the Mongolian Yoke” at half speed in the depressed state, “Stressbusters,” a recording
of popular classics in the neutral condition, and Delibes’ “Coppelia” in the elated condition.

®See Geanakoplos, Pearce and Stacchetti (1989), and Rabin (1993) for applications of psychological
games.
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case. The lawyer will receive a payoff of 1 in case of success, and a payoff normalized
to 0 in case of failure.

Our primary departure from conventional decision theory is that we assume that the
lawyer’s probability of winning the case depends on his confidence: if he is unsure about
his abilities, or anxious, his arguments will have less chance of convincing the jury. To
capture the idea that confidence affects performance in the simplest way, we identify
these feeling of anxiety or self assurance with the lawyer’s belief about his chance of
success.% A lawyer who is more confident about his chances of success will be assumed
to have greater chances of succeeding than a lawyer who is not confident.

In what follows, we present two main building blocks of our model: First we describe
the risky activity and the true prospects of the agent if he undertakes it. Second, we
formalize the process by which an agent recollects past outcomes and describe how past
outcomes translate into perceived chances of success. Finally, we describe the decision
rule followed by the agent.

2.1. The risky activity.

Formally, we denote by p the belief of the agent about his chance of success, and by p
the actual probability of success. In standard models, the probability p is independent
of the agent’s belief p; we assume that the probability of success is a differentiable
function of the agent’s beliefs, p : [0,1] — [0, 1], and that p'(p) € [0,1) (see figure 1
below). The positive slope captures the idea that high (respectively low) perceptions
affect performance positively (respectively negatively).

1

p(p)
p(p*)=p*

450 \ |

0 p* 1

Figure 1

6We will discuss alternative formalizations in later sections.
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Among the possible beliefs that an agent may have about the probability of success,
there is one that will play a focal role. Consider the belief” p* such that

p* = p(p").

Whenever the agent holds a belief p that is below p*, the actual probability of success
exceeds his belief. Similarly whenever the agent holds a belief p that lies above p*, the
actual probability of success is below his belief. The probability p* corresponds to
correct belief, that is, the belief at which the agent’s perception is statistically accurate.
An agent who holds this belief would not find his average experience at variance with
his perception.

We will say that an agent has currently optimistic beliefs if p > p(p) and that he
has currently pessimistic beliefs if p < p(p). (We use the term “currently” because the
agent’s beliefs may change over time and the comparison is between his current belief
and the probability of winning given that belief.)

2.2. The agent’s perceived chance of success.

We assume that the agent’s perception of the probability of success of the risky activity
(or belief) is based on his recollection of past outcomes. An agent who mostly recollects
successes should believe that the probability of success is high, while an agent who
mostly recollects failure should believe the probability of success is low. Formally, we
denote by f the number of failures that the agent recalls, and by s the number of
successes that the agent recalls. Assume that

p=0(s, f),

where (3 satisfies the following properties:
(i) Vs, f,0< B(s, f) <1
(i) 3, > 0, B < 0
(iii) for any a > 0, limeo B(af, f) = 5

The third property is key. It says that when the number of recalled past outcomes
is large, the belief of the agent approaches the ratio that is, it approaches the
(perceived) empirical frequency of successes.

These assumptions can be interpreted as a formalization of the availability heuristic:
the numbers s and f describe the data that is available to the agent, and he forms his
belief exclusively based on this data; in particular, he ignores the fact that the process
by which this data is generated might be biased, and lead him to a biased estimate of
the frequency of success.

S
s+f7

"There is a unique p*satisfying this equation due to our assumption that p’ € [0,1).



December 20, 2001 7

The critical issue is thus what the agent recollects. Obviously, there should be
some close relationship between true past outcomes and what the agent recalls. In
many contexts however, the psychology literature has identified various factors such as
generation of attributions or inferences, memorability, perceptual salience, vividness,
that may affect what the agent perceives, records and recalls, hence the data that is
available to the agent.®

To illustrate the role of attributions, for example, consider the case of our lawyer.
When he loses, he may think that this was due to the fact that the defendant was a
member of a minority group while the jury was all white: the activity was a failure, but
the reasons for the failure are seen as atypical and not likely to arise in the future. He
may then disregard the event when evaluating his overall success. In extreme cases, he
may even convince himself that had the circumstances been “normal”, he would have
won the case and record the event as a success in his mind.”

This basic notion is not new; there is evidence in the psychology literature that peo-
ple tend to attribute positive experiences to things that are permanent and to attribute
negative experiences to transient effects.'’ If I get a paper accepted by a journal, I at-
tribute this to my being a good economist, while rejections are attributed to the referee
not understanding the obviously important point I was making. With such attribution,
successes are likely to be perceived as predicting further successes, while failures have
no predictive content.

We now formalize these ideas.

The perception matrix We assume that when he undertakes the activity, the
agent receives a signal y € Y that may affect either his perception of the outcome, or
the way he will later recollect the current experience. We will refer to y as the agent’s
perception. Formally, the set of outcomes is denoted X, and for any x € X and y € Y,
we let 7, , denote the probability that the agent’s perception is y when x is the true
outcome, and let ™ = (74 )z yexxy denote the corresponding matrix.

In our basic model, there are only two possible outcomes:

X ={S,F}.
For example, in the lawyer problem, we would set

Y = {normal(n), atypical(a)} (2.1)

8 An example of biased recall, presumably induced by better memorability of own actions, is given
in Ross and Sicoly (1979), who report that when married couples are asked to estimate the percentage
of household tasks they perform, their estimates typically add up to far more than 100%.

9We mentioned above the paper by Svenson (1981) in which a majority of people felt they were safer
drivers than average. This is consistent with a situation in which drivers attribute accidents or near
accidents in which they are involved to atypical circumstances.

10Gee, e.g., Seligman (1990).
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where y =n indicates normal circumstances, and y =a indicates an attribution of the
outcome to atypical circumstances; and we would set

n a
=[5 1 0o, (2.2)
Fol=y v

where « is the probability that the lawyer attributes a failure to the particular circum-
stances surrounding the case.

The recall technology Perceptions are assumed to play a key role in the recol-
lection process. Consider an agent who wishes to measure the number of occurrences
of the outcome zg € X. If the agent could perfectly recollect past outcomes, he would
count the number of experiences for which z = xy. However, we assume that both the
true outcome x and the perception y may affect whether a particular experience xy
(that is, an outcome x and perception y) is included in the total.

Formally, let 2 denote the set of past experiences w = zy, that is, Q = X x Y. We
denote by 1, ,, the random variable that takes a value equal to 1 when the experience
w = zxy is included in the agent’s enumeration of the number of past occurrences of zg,
and 0 otherwise. The recall technology is characterized by the vector of probabilities
d = {4u,2 fw,z0» Where

Qu,xg = Pr{lw,zo = 1}7

and we define the random variable:
v(zg) = Z 1o 20
weN

For any given set of past experiences, the numbers of recalled successes and failures, s
and f, are thus random variables, respectively equal to

s =v(S)

and
f=v(F).

To illustrate with the lawyer example, we define the recall technology ¢ in which the
agent only recalls experiences for which circumstances were viewed as normal:

Qryao = 1if x =29 and y=n, and (2.3)
Qryzo = O otherwise.
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Long-run perceived frequency of success. We are now equipped to define the
long-run perceived frequency of success, as a function of the true outcome frequencies.
Let a = (g )zex be the true frequencies over outcomes. The expected number of events
when tallying the occurrences of zg is equal to

E(ﬂ—’q’a)y(llo) = : : Qxy,xoﬂ';z:yaz-
rzeX,yeY

At any date t, the perceived frequency of outcome zg is a random variable. As experience
accumulates however, its distribution will be concentrated on values close to the ratio

E(w,q,a)y(‘r())
ZmeX E(W,q,a)y(l’)

2.3. Decision rule.

As described in the outline of our model above, the agent faces a sequence of decisions of
whether or not to undertake a risky activity. We assume that undertaking the activity
entails a cost ¢, possibly an opportunity cost. For example, in the lawyer example above,
there might always be available some riskless alternative to taking on a new case, for
instance drawing up a will. We assume the cost ¢ is stochastic and takes values in
[0,1]. We further assume that the random variables {¢;}$°,, the costs at each time ¢,
are independent, that the support of the random variables is [0, 1], and that at the time
the agent chooses whether to undertake the activity at ¢, he knows the realization of ¢;.
At any date, the agent has a belief p; about his chance of success if he undertakes
the activity. The agent compares the expected payoff from undertaking the activity to
the cost of undertaking it. That is, the agent undertakes the activity if and only if

Pt > Ct.

Finally, we define the expected payoff v(p) to the agent who has a belief p and who
does not yet know the realization of the cost of the activity:'!

v(p) =Pr{p = c}E[p(p) —c|p = c].

'Note that this expected utility is from the perspective of an outside observer, since it is calculated
with the true probability of success, p(p). From the agent’s point of view, the expected value is

Pr{p > c}E[p—c|p >
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This completes the description of the model. The key parameters of the model
are the technology p(-), the belief function (3, the perception matrix 7, and the recall
technology q. Each quadruple (p, 3, 7, q) induces a probability distribution over beliefs,
decisions and outcomes. We are interested in the limit distribution and the agent’s
expected gain under that limit distribution when the agent’s perceptions are given by
the matrix 7. Formally, define

Vt(ﬂ'v Q) = E(p,,@ﬂr,q)v(pt)'

We are interested in the long-run payoff defined by Vo (m, q) = lim_o Vi(7,q). We
will suppress the dependence on m and q when there is no confusion about the agent’s
perceptions and simply write V.

3. A benchmark: the cost of biased perceptions.

We begin with the standard case in which confidence does not affect performance, that
is, the case in which p(p) = p,, independent of p. Our objective here is to highlight
the potential cost associated with biased perceptions. To simplify presentation, we now
restrict our attention to the simple perception matrix m and recollection technology q
defined in (2.1-2.3) for which the agent perceives some failures as atypical, and recalls
only experiences for which circumstances were viewed as normal. This case can thus be
parameterized by the single parameter v, the probability that experiences were seen as
atypical. It will be convenient to refer to the case where v = 0 as the correct perception
case.

We let p, denote the true probability of success. As the number of instances where
the activity is undertaken increases, the frequency of success gets close to py (with
probability close to 1). When perceptions are correct, the true and perceived frequencies
of success coincide. Hence, given our assumption (iii) concerning (3, the agent’s belief
must converge to p, as well. It follows that

Vi = / (= leae

where ¢(-) is the density function for the random cost.

When perceptions are not correct, the true and perceived frequencies of success
generally do not coincide. Let o denote the true frequency of success, and define for
any m,q, the function 9™ : R — R as

E(r,q.0v(5)
e =g O F)’
(w,q,a)y( ) + (w,q,a)y( )
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1¥™9(a) is essentially the proportion of recorded events that are recorded as success when
the true frequency of success is a and 7 is the perception matrix. For the particular
perception matrix 7 and recollection technology q defined in (2.1-2.3), we have

v (a) =

at+(1—y)(1—-a)

The perceived frequency of success at date ¢ is a random variable. Yet for t large,
its distribution is concentrated on values close to ¥™9(a)). And therefore, given our
assumption (iii) concerning (3, beliefs are also close to ¥™9(«a). Figure 2 illustrates how
true frequencies of success may translate into beliefs. (™%)~1(p) is the probability of
success that would be necessary for the agent to perceive his success rate as p.

We shall say that perceptions are optimistic when ™9 (a) > « for all a, and pes-
simistic when ¥™9(a)) < a for all .

I

P ™) ()
p* | p(p)
&
| p
0 P*P ) 1

Figure 2

How do biased perceptions affect payoffs? By the law of large numbers, the true
frequency of success must be close to p, (with probability close to 1). Yet the agent
decides to undertake the project whenever 1 (py) > c. It follows that

Vi = / (po — Q)g(c)de.
P™A(py)>c

The only effect of the perception bias is to (possibly)!? change the circumstances
under which the activity is undertaken. For biased perceptions that lead to optimistic

12While it is generally true that biased perceptions lead to incorrect beliefs, this may not be the case
in specific circumstances. For example, if an agent records half his successes and half his failures as "no
activity”, his beliefs will be accurate in the long run.



December 20, 2001 12

beliefs, for example, there are events for which

Y™%(pg) > ¢ > py.

In these events, the agent undertakes the activity while he should not do so (since they
have negative expected payoff with respect to the true probability of success), and in
the other events, he is taking the correct decision. So the agent’s (true) welfare would
be higher if he had correct perceptions. This is essentially the argument in classical
decision theory that biasing perceptions can only harm agents.

4. Confidence enhanced performance

When confidence affects performance, it is no longer true that correct perceptions max-
imize long-term payoffs. It will still be the case that agents with optimistic perceptions
will be induced to undertake the activity in events where they should not have, but on
those projects they undertake, their optimism leads to higher performance, that is, they
have higher probability of success. We will compare these two effects and show that
having some degree of optimism is preferable to correct perceptions.

The key observation is that in the long run, beliefs tend to be concentrated around
a single value, say peo, and this value ps is therefore easy to characterize. The realized
frequency of successes p, = p(p:) is with high probability near p,, = p(poo). True
and perceived frequencies of success are thus concentrated around p., and ¥™9(p,,)
respectively. The only possible candidate for po, must therefore satisfy

U™ (p(Poo)) = poo-'?

Figure 3 illustrates geometrically po, for an agent with optimistic beliefs.

13We restrict attention to the case that there is a unique such peo.
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(Y™ (p)
p
pP(Poo)
p(p*)
0 p* p 1 P

Figure 3

Note that in the case that perceptions are correct, p, coincides with the correct
belief p* defined earlier, but that for an agent for whom p/(-) > 0,

*

Poo > P(Poo) > p(p*) ="

Definition: We say that an agent has optimistic beliefs (is optimistic) if poo > p*.

Turning to the long-run payoff, we obtain:

Vo = / (plow) = o)

As a benchmark, let VX denote the long-run payoff when perceptions are correct,
that is,

Vi= [ 0 -aslee
p*>c
To understand how V,, compares to VZ, we write Vo — VX as the sum of three terms:

p(Poo)

VeV = [ (o) = el Nateddet [ (plon) ~lgle)de (41)

p*

n / ™ (plpo) — Ogle)de

(Poo)

The first term is positive and corresponds to the increase in performance that arises due
optimism for the activities that would have been undertaken even if perceptions had
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been correct. The second term is positive: it corresponds to the realizations of costs for
which the activity is profitable to the agent only because he is optimistic. Finally, the
third term is negative: it corresponds to the realizations of costs for which the agent
should not have undertaken the activity and undertakes it because he is optimistic. The
shaded regions in figure 4 represent these three terms when c¢ is uniformly distributed.

(™) (p)

P(Poo)
p(*)

0 p* pp,) P, 1

Figure 4

One implication of equation (4.1) is that when confidence positively affects perfor-
mance (p’ > 0), some degree of optimism always generates higher long-run payoff. The
reason is the following. As p, rises above p*, the first term generates a first order
increase in long-run payoff, while the second and third term only give rise to second
order changes: the positive effect on performance induced by optimism applies to many
realizations of costs, while the possible negative effect applies to few of them. Formally,

dv-
T2l =Py 2 e} >0
Doo | poo=p*
To formalize this argument, we introduce the following definition:
Definition: We say that (7,q) dominates (7', q’) if Voo (7, q) > Voo (7', ).

That is, if (w,q) dominates (7',q'), an agent’s long run payoff will be higher under
(m,q) than under (7’,q’). The following proposition summarizes the argument above.

Proposition: If p/ > 0, there exists a pair (7, q) that induces optimistic beliefs and
that dominates correct perceptions and recall.
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5. Sources of optimism and attributional styles

We discussed in the previous sections our simple model that incorporated biased per-
ceptions, and showed that in the context of our model the biasedness of perceptions
increased welfare. In incorporating biased perceptions, we chose a particularly simple
form of bias: individuals selectively remembered past experience, recalling a greater
proportion of their past successes than their past failures. This is a particularly salient
means by which biased perceptions can lead to optimism, but by no means the only
one.

The objective of this section is to explain how our insight extends to more com-
plex environments, and discuss several additional ways in which biased perceptions or
attributional styles can lead to optimism.

In the model analyzed above, the agent sometimes attributes the cause of failure
to events that are not likely to occur again in the future, while he never makes such
attributions in case of success (non-permanence of failure/permanence of success). An
alternative way in which an agent’s perceptions may be biased is that rather than
attributing failures to transient circumstances, he attributes successes to a broader set
of circumstances than is appropriate; in the psychology literature, this is referred to as
pervasiveness of success bias (see Seligman 1990).

We modify the environment in which the agent is making decisions in the following
way. There are two possible environments, and the probability of success may differ in
the two environments. Consider again the lawyer example. Suppose that cases that are
available to the lawyer can be of two types: high profile cases that will attract much
popular attention and low profile cases that will not. Suppose that in high profile cases,
there will be many more people in court, including reporters and photographers, and
consequently, much more stress, which we assume impairs performance. If we denote
high and low profile cases by H and L respectively, p(p) represents the probability
of success in a high profile case when the lawyer believes the probability of success is

p, and p”(p) is the probability of success in a low profile case. Analogous to what we

H . . . L
have done above, we assume do= 0, and, to simplify exposition, % = 0. We let

dp
A =Pr{L}.
The set of (state contingent) outcomes (z, k) is

X ={8,F} x {H,L}.

Our interest in this section is to capture an aspect of optimism that we call “pervasive-
ness”. We can illustrate the idea of pervasiveness with our lawyer example. Assume
that it is more difficult to perform with public attention than when there is not the
attention, and suppose that one day the lawyer wins a case when there was no atten-
tion. Although the lawyer realizes that success would have been less likely had there
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been attention, he thinks “The arguments I made were so good, I would have won even
if this had been a high profile case.” In thinking this way, the lawyer is effectively
recording the experience as a success whether it had been high profile or not. We model
the possibility of this type of biased recording by assuming that the set of perceptions
consists of
Y = {specific(s), non-specific(n)}

with the interpretation that y = s means that the outcome is specific to the particular
current environment, while y = n means that it is not.

The recall technology (see Section 2) specifies for each possible outcome (xg, ko) € X,
the probability gz k)y,(we,ko) that a past experience w = (z,k)y (an experience here
consists of an outcome (x,k) € X and a perception y € Y) is counted. We shall
consider the recall technology defined by

(@, k) = (z0, ko) and y = s

Uk (woko) = Lif or , and (5.1)
r=zpand y =n

= 0 otherwise.

and the perception matrix defined by

s n
SH 1 0
= SL 1—v v (5.2)
FH 1 0
FL 1 0

This perception matrix captures the intuition described above, in which sometimes the
agent attributes the cause of success to circumstances that are broader than appropriate,
while the recall technology above captures the intuition that the inferences made at
the time of the activity affect later recollection of past experiences. This inability to
distinguish between outcomes and inferences when one attempts to recall past events is
well documented.'*

The next proposition provides sufficient conditions under which unbiased perceptions
will necessarily be dominated by some type of biased perceptions.

14 A particularly compelling example of this was demonstrated by Kahneman, Fredrickson, Schreiber
and Redelmeier (1993). Subjects were asked to rate two painful experimental procedures that involved
submersion of the hand in ice cold water. Later they were given a choice to repeat one or the other
of the two painful procedures. The subjects could be induced to choose the more painful procedure
(as measured by self reports at the time of the experience) if the more painful procedure happened to
include a decrease in the pain at the end. Redelmeier and Kahneman (1996) find a similar dissociation
between contemporaneous reporting of pain and later recall of that pain in an actual medical procedure.
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Proposition:
(77, q) dominates perfect recall for some v > 0.

Proof: It is easy to check that in the long run that beliefs about probability of success

in state k tend to be concentrated around a single value, denoted p¥_.'> Since the agent

undertakes the activity in circumstance k& when pf. > ¢, we have

vea [ etk —eglader (-0 [ (0" ) - eg(e)ae

H
0 2C

For the pair 7, q defined in (5.1)-(5.2), we will check that the values p% and pZ depend
solely on +, and are equal to the correct beliefs defined by:

pr. = P (0})

. L
when v = 0. Hence, since %% = 0, we have:

[e%9) H H
Tl —a-n=| 2 g,

where G denotes the cumulative distribution associated with the density g. We will
> 0.

H

thus have shown our result if we can show that dﬁgf .
’Y:

We now characterize the values pZ and pZ. Consider a pair of beliefs (p”,pf),

assumed to remain the same over time. In the long-run, these beliefs induce a fre-

quency over outcomes, denoted a(p’,p™).'6 Similarly to the simple case analyzed in

the previous section, we define the functions @bfr’q as

¢k (PL pH) = E(W;q;a(pL,pH))V(S» k)
m,q ’ E(W;Q;a(pL,pH))V(S7 k’) + E(ﬂ'§q;a(pL’pH))V(F7 ]{7)

The perceived frequencies of successes (contingent on k) at date ¢ are random variables.
Yet for t large, their distributions are concentrated on values close to * (p”, p¥), k =

15 This is obviously the case for beliefs in state L, because in this state performance does not depend
on beliefs and perceptions are correct (hence beliefs in state L must converge to the true probability of
success in state L). For beliefs in state H, the analysis is then similar to that of the basic model.

16These long-run frequencies satisfy:

L H 1 L, L L L, L L
alp”,p”) = )\G(pL)Jr(lf)\)G(pH)()\p (P )GP"), A1 —p"(P")G(P"), -

(1= 0" (MG E™), 1 =X =" (p")GR™)) (5:3)
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0,1. The values pZ and pZ therefore solve:

L L L H
Poo = Vrq(Pxo>Poo) (5.4)
H H L H
Poo = Vrq(Pros>Poo)-

For the pair 7, q defined in (5.1)-(5.2), we have:

SH(pl ) = p(p™) + vp(p*)u(p?, p

where

Equation (5.2) implies

p(p) — vl = vp(k) (1 — pL)n(pi, p%.).

Thus for v = 0, pf must coincide with the correct belief p%;, and for v > 0, we have
H dpH .
Pso > Py, hence e o > 0, as desired.
Comments:

(1) One possible interpretation of environment H and L is that they each correspond
to a particular activity. It is easy to check that our analysis could be adapted to deal with
the case where at each date, the agent has to decide whether to undertake activity H,
activity L, or undertake no activity.!” Optimistic beliefs lead to a sub-optimal decision
between these three alternatives, however the effect on welfare is small compared to the
gain on performance that the agents derive from having beliefs more optimistic than
correct ones.

(2) Attributions or inferences is only one channel by which beliefs about chances of
success may become biased. Another possibility is that the agent has a biased memory
technology, and for example, tends to remember more easily past successes than past
failures.'® Optimism may also stem from self-serving bias. Such bias occurs in settings
where there is not a compelling unique way to measure success. When I give a lecture,
I might naturally feel it was a success if the audience enthusiastically applauds when
I'm finished. If that, unfortunately, doesn’t occur, but an individual comes up to me
following the lecture and tells me that it was very stimulating, I can choose that as a
signal that the lecture was a “success”.

Formally, consider an activity for which success may be measured in different ways:
x €S, Foryé€s, f. Assume that x is what the agent cares about and that he decides

"The agent would choose the decision that maximizes p? — ¢, p¥ — &, 0.
18 See Morris (1999) for a survey of the evidence that an individual’s mood affects his or her recollection
process, e.g.
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to undertake the activity when p, > c¢. Optimism may arise when the experiences
xy = F's have a positive probability of being recalled when measuring the number of
past successes (that is, the occurrences of past = = S).

6. Discussion

We have identified circumstances in which having correct beliefs is not welfare maxi-
mizing. Hence, to the extent that an agent has some (possibly limited) control over the
way he forms his beliefs, we should not expect correct beliefs to emerge in the long run:
rational agents should learn to bias their beliefs.

This conclusion seems to be at odds with the general view that having correct beliefs
is welfare maximizing, and that rational agents should have correct beliefs. We discuss
below why our model conflicts with these standard views.

6.1. Biased beliefs and welfare.

Our model belongs to a general class of problems in which correct beliefs are not welfare
maximizing. Beliefs are correct when they coincide with the true probability of success,
hence when p = p(p); beliefs are biased when, for example,

p=Ap(p)

with A # 1. The scalar A parametrizes the bias. Let p(\) denote the resulting belief.
We may write the agent’s expected welfare as a function of the bias A:

w()) = / (V) — Agle)de. (6.1)
p(A)>c

Differentiating (6.1), we get:

w'(A) = PWp(@) —p(N)g(p(N) + £ (p(N)G(B(N))]

= P(N[-1- %)]3(/\)9(13(/\)) + 0/ (p(N)G(D(N)]
The two terms on the right hand side have the following interpretation: (i) biased beliefs
(say, A > 1) lead to suboptimal choices, and they are even more suboptimal when A
increases; (ii) increasing A has a positive effect on performance in any event where the
project is undertaken.
When beliefs are correct (that is, when A = 1),

w'(1) = p'(1)p'(p(1))G(p(1)) > 0,

which illustrates why having correct beliefs is not welfare maximizing.
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In standard models, beliefs only affect welfare through the decisions that the agent
makes. In these models, having correct beliefs maximizes welfare. In our model, as in
any other model in which beliefs would directly affect preferences or technology, beliefs
affect welfare in two ways: indirectly through their effect on decisions, directly through
their effect on preferences or technology. Our conclusion holds because (by the envelope
theorem) the welfare loss induced by suboptimal decisions is a second order effect, while
the direct effect on welfare is first order.!?

Our model is not unique in breaking the link between correct beliefs and welfare
maximization. In any model where agents do not have a correct criterion for taking
their decisions, having incorrect beliefs may increase welfare. To illustrate, assume that
in our model, performance is independent of beliefs, but the agent only undertakes the
activity when

p > pe with g > 1. (6.2)

An interpretation might be that the agent lacks the will to undertake the risky activity,
and that he only undertakes it when its expected return exceeds one by a sufficient
amount. This formulation can be viewed as a reduced form of the agent’s decision
problem in Benabou and Tirole (2001) with p corresponding to % and (3 being the
salience for the present.

Given this criterion for making the decision as to whether to undertake the risky
activity, we may write expected welfare as a function of the bias A\. We obtain:

which implies
A Ap
W) =La-2 —
(A) M( M)PQ( . )

Hence w'()\) has the sign of y — A, and it is positive at A\ = 1 (correct beliefs) since
> 1.20.21

19Our insight would also apply to psychological games. In these games, beliefs directly affect prefer-
ences, and individuals would benefit from having biased perceptions, say of their opponent’s behavior.
We may thus question whether in these games, the standard assumption that players hold correct beliefs
is compelling.

20See Samuelson (2001) for another example of a model in which an incorrectly specified decision
criterion leads to welfare enhancing biases.

*!'In a strategic context, recent papers by Fang (2001) and Heifetz and Spiegel (2001) find that biased
beliefs may increase welfare.

At first glance, these two papers do not seem to fall in either of the categories described above:
preferences seemingly do not depend on beliefs, and players choose true best responses, given their
beliefs.

Both papers, however, assume that each player (say player 1) becomes perfectly aware of his op-
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6.2. Biased beliefs and rational agents

Our model conflicts with the standard view that rational agents should have correct
beliefs, or that they should not be able to consistently fool themselves about their
chances of success. In the standard view, it is impossible that rational agents should
not eventually learn true probability distributions, while in our model, the process by
which the agent recollects data is biased, and he ends up with incorrect beliefs.

A skeptic might argue that through introspection, an agent should have some aware-
ness of the fact that the data he recollects is biased. If through introspection, he realizes
that there is a good chance that his sample of past experiences over-represents successes,
he should disregard selectively some of these past successful experiences.

Our basic model can be easily amended to allow for introspection. Formally, we

would now set
v(zo) = Z Lzg-lay,ao

where 1, is a random variable that takes value 1 with probability ¢, , and we would
choose

with the interpretation that (g < 1 because, due to introspection, the agent is aware
that the data he recollects is biased toward success, and consequently, he sometimes
disregards experiences that he recalls as successes.

Belief formation would then be driven by two key parameters: ~y, which captures
the extent to which the agent attributes failures to atypical circumstances; (g which
captures the extent to which he believes his sample is biased toward success. In the
long run, we should expect beliefs to be correct if and only if (g exactly offsets ~.

Our view however is that there is no reason to believe ( g would exactly offset v. First,
we demonstrated above that if introspection were to exactly offset attribution biases, this
would be welfare-detrimental in the types of settings we analyzed, hence, one should
expect evolutionary pressures against such introspection. Second, such introspection
would require that the agent learns the way he biases his perception of past outcomes.
Learning this however would require that he (perfectly) recalls the precise way in which
past experiences have been biased. Yet nothing prevents this recollection process to be
biased as well.

6.3. Belief formation and control

How do agents form beliefs? What control do agents have over the way they form their
beliefs?

ponent’s (player 2’s) belief (for example through “body language”), and of how this belief maps into
actions. So in effect, these papers study a particular type of psychological game, in which, say, player
2’s belief directly affects player 1’s payoff function.
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Throughout the paper, we have held the view (common in psychology) that agents
form beliefs based on simple heuristics or routines. In our formal model for example,
among the many routines and heuristics that may affect belief formation, we chose to
focus on the two following aspects of belief formation:

(i) agents use the availability heuristic;

(ii) attributions affect later recollection of past experiences.

This has permitted us to highlight the role of attribution in biasing beliefs and iden-
tify two types of attribution that have received particular attention in the psychology
literature.

Obviously, there is a rich array of heuristics, psychological routines, associations,
and analogies that agents use to form beliefs. Our main purpose is not to catalog
exhaustively the ways an agent might end up with optimistic beliefs. Our view is that
agents have some (possibly limited) control over the type of attributions they perform,
and more generally, the types of associations and analogies they construct. Given that
they have such control, for the types of environment we have analyzed, agents should
ultimately learn what is best for them and hold optimistic beliefs: for these environments
the welfare that they derive when they are optimistic is greater than when their beliefs
are correct.

In other words, we open the possibility that the agent learns which learning rule is
best, possibly among a limited set of learning rules, and we find that even if the unbiased
learning rule belongs to that set, agents will not use that rule even asymptotically.

6.4. Extensions and further research.

As stressed in the introduction, our main interest is in studying decision making when
psychological state directly affects performance and explain how it departs from classical
decision theory. To do so, we have made various simplifying assumptions. We now
review some of these assumptions and propose extensions of the basic model.

(1) Psychological state.

We chose a particularly simple psychological state, namely, the agent’s perceived
chance of success. There are other obvious candidates that might also serve as founda-
tion for belief-based performance.

(i) Performance could depend on one’s doubt about whether the best decision was
taken (especially when the risky project is undertaken — the other project gives c re-
gardless); performance is then a function of p — c.

(ii) Performance could depend (positively) on the agent’s belief about his own ability
(even if ability is not actually key for good performance). In such settings, attributing
successes to high ability and failures to lack of luck will generate optimistic beliefs about
abilities.
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(iii) Performance may also depend on the agent’s belief about how he compares
with others. If his confidence increases when he believes he fares better than others, we
should expect him to attribute failures of others to permanent causes, and success to
temporary causes: other’s failures are pervasive.

(2) Timing.

We have not distinguished between the time at which the agent decides to undertake
the activity, and the time during which he undertakes the activity. In general, these
two dates need not coincide and therefore the agent’s belief at these two dates need
not coincide. This opens the possibility that an agent has optimistic beliefs while he
undertakes the activity, and yet not so optimistic beliefs when deciding to undertake
the activity. The confirmatory bias, according to which agents would tend to generate
or recollect data that supports their decisions would quite naturally induce such an
outcome: it boosts confidence, without overly impairing decisions.

(3) Direct evidence of success and failure.

We have assumed that the agent could observe whether the activity was a success
or not. In many social interactions, the agent also (or only) gets indirect evidence,
through the feedback that is given to him. The agent’s perception of whether others
have a vested interest in his performance is key, and optimistic beliefs would presumably
arise when the agent underestimates the extent to which others have a vested interest in
his performance, and as a consequence attach “too much” weight to their compliments.
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