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INTRODUCTION

One of the most fundamental questions in philoso-
phy concerns the nature of rationality: what condi-
tions must be met for an inference or a decision to
be rational? Disagreements over this issue have
been a perennial theme in philosophy, but they
also underlie many of the disputes about rationality
in contemporary cognitive science. Another issue
with a long philosophical history concerns the
extent to which humans are rational. Aristotle fam-
ously held that rationality is an essential property of
human beings, but other theorists have been less
sanguine. Starting in the 1960s, a number of investi-
gators have conducted experiments designed to ex-
plore how well the reasoning and decision-making
abilities of ordinary human subjects accord with
what the investigators take to be appropriate nor-
mative standards. The results in some of these ex-
periments have been interpreted as showing that,
on many sorts of problems, people exploit simple
heuristics that violate normative principles and
sometimes lead to solutions that are quite irrational.
Moreover, some authors have gone on to suggest
the rather pessimistic hypothesis that people use
these heuristics because they have nothing better
available. Because this work focuses on the use of
heuristics that can lead to mistaken or biased results,
it is often described as being in the ‘heuristics and
biases’ tradition. In the next section, we sketch some
of the more important experimental findings that
have emerged from this tradition.

The heuristics and biases program, with its
associated view of human rationality, has had a
profound impact on cognitive science and related
fields. It has, however, been challenged on both

empirical and philosophical grounds. We will out-
line two important empirical challenges to the pes-
simistic view that, on many sorts of problems,
people lack the cognitive competence to reason
and decide rationally. One of these challenges
comes from investigators influenced by evolution-
ary psychology; the other comes from investigators
who have been looking at individual differences in
performance on reasoning tasks.

While much of the contemporary debate over
human rationality turns on empirical questions
about the sorts of reasoning strategies that people
possess, philosophical issues about the nature of
rationality and the norms we ought to adopt in
evaluating cognition, have also played an import-
antrole. These are the issues on which we will focus
in the final section. One prominent view in this area
is what Edward Stein has called the Standard Picture:

According to this picture, to be rational is to reason in
accordance with principles of reasoning that are based
on rules of logic, probability theory and so forth. If the
standard picture of reasoning is right, principles of
reasoning that are based on such rules are normative
principles of reasoning, namely they are the prin-
ciples we ought to reason in accordance with. (Stein,
1996, p. 4)

Although the Standard Picture is widely accepted,
we will see that it is far from clear how to apply it
to specific cases. We will also review some of the
considerations that have recently led a number of
writers to challenge the Standard Picture’s account
of rationality.

EMPIRICAL EVIDENCE ON HUMAN
RATIONALITY
The Selection Task

In 1966, Peter Wason published a highly influential
study of a cluster of reasoning problems that
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became known as the selection task. Figure 1
illustrates a typical example of a selection task
problem.

Wason found that subjects typically perform
very poorly on questions like this. Most subjects
respond correctly that the E card must be turned
over, but many also judge that the 5 card must be
turned over, despite the fact that the 5 card could
not falsify the claim no matter what is on the other
side. Also, a majority of subjects judge that the 4
card need not be turned over, though without
doing so there is no way of knowing whether it
has a vowel on the other side. It is not the case
that subjects do poorly on all selection task prob-
lems, however. A wide range of variations on the
basic pattern has been tried, and on some versions a
much larger percentage of subjects answer cor-
rectly. Figure 2 is an example from Griggs and
Cox (1982): These results form a bewildering pat-
tern, since there is no obvious feature or cluster of
features that separates versions on which subjects
do well from those on which they do poorly.

The Conjunction Fallacy

Much of the experimental literature on reasoning
has focused on problems that require probabilistic
judgment. Among the best-known experiments of
this kind are those that involve so-called conjunc-
tion problems. In one quite famous experiment,
Tversky and Kahneman (1982) presented subjects
with the following task.

Linda is 31 years old, single, outspoken, and very
bright. She majored in philosophy. As a student, she
was deeply concerned with issues of discrimination

and social justice, and also participated in anti-nuclear
demonstrations.

Please rank the following statements by their probabil-
ity, using 1 for the most probable and 8 for the least
probable.

(a) Linda is a teacher in elementary school.

(b) Linda works in a bookstore and takes Yoga classes.

(¢) Linda is active in the feminist movement.

(d) Linda is a psychiatric social worker.

(e) Linda is a member of the League of Women Voters.

(f) Linda is a bank teller.

(g) Linda is an insurance sales person.

(h) Linda is a bank teller and is active in the feminist
movement.

In a group of naive subjects with no background in
probability and statistics, 89 per cent judged that
statement (h) was more probable than statement (f)
despite the fact that one cannot be a feminist bank
teller unless one is a bank teller. When the same
question was presented to sophisticated subjects —
graduate students in the decision science program
of the Stanford Business School — 85 per cent gave
the same answer! Results of this sort, in which
subjects judge that a compound event or state of
affairs is more probable than one of the compon-
ents of the compound, have been found repeatedly
since Kahneman and Tversky’s pioneering studies.
This pattern of reasoning has been labeled the con-
junction fallacy.

Base Rate Neglect

Another well-known group of studies explores the
way in which people use base-rate information —

and two with the number side up.

Here are four cards. Each of them has a letter on one side and a number
on the other side. Two of these cards are shown with the letter side up,

E C

35 4

whether the following claim is true:

on the other side.

Indicate which of these cards you have to turn over in order to determine

If a card has a vowel on one side, then it has an odd number

Figure 1.
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law:

old.’

these people are breaking the law.

In its crackdown against drunk drivers, Massachusetts law enforcement
officials are revoking liquor licenses left and right. You are a bouncer in
a Boston bar, and you’ll lose your job unless you enforce the following

‘If a person is drinking beer, then he must be over 20 years

The cards below have information about four people sitting at a table in
your bar. Each card represents one person. One side of a card tells what a
person is drinking and the other side of the card tells that person’s age.
Indicate only those card(s) you definitely need to turn over to see if any of

drinking
beer

drinking
coke

25 years 16 years
old old

Figure 2.

roughly, background information about the
proportion of a population that have a given
characteristic — in making probabilistic judgments.
According to the familiar Bayesian account, the
probability of a hypothesis on a given body of
evidence depends, in part, on the prior probability
of the hypothesis. However, in a series of influen-
tial experiments, Kahneman and Tversky (1973)
showed that subjects often seriously undervalue
the importance of prior probabilities. One of these
experiments presented half the subjects with the
following ‘cover story’.

A panel of psychologists have interviewed and admin-
istered personality tests to 30 engineers and 70
lawyers, all successful in their respective fields. On
the basis of this information, thumbnail descriptions
of the 30 engineers and 70 lawyers have been written.
You will find on your forms five descriptions, chosen
at random from the 100 available descriptions. For
each description, please indicate your probability that
the person described is an engineer, on a scale from
0 to 100.

The other half of the subjects were presented with
the same text, except the ‘base rates” were reversed.
They were told that the personality tests had been
administered to 70 engineers and 30 lawyers. Some
of the descriptions that were provided were
designed to be compatible with the subjects” stereo-
types of engineers, though not with their
stereotypes of lawyers. Others were designed to
fit the lawyer stereotype, but not the engineer
stereotype. And one was intended to be quite neu-
tral, giving subjects no information at all that

would be of use in making their decision. Here
are two examples, the first intended to sound like
an engineer, the second intended to sound neutral:

Jack is a 45-year-old man. He is married and has four
children. He is generally conservative, careful and am-
bitious. He shows no interest in political and social
issues and spends most of his free time on his many
hobbies which include home carpentry, sailing, and
mathematical puzzles.

Dick is a 30-year-old man. He is married with no chil-
dren. A man of high ability and high motivation, he
promises to be quite successful in his field. He is well
liked by his colleagues.

As expected, subjects in both groups thought that
the probability that Jack is an engineer is quite high.
Moreover, in what seems to be a clear violation of
Bayesian principles, the difference in cover stories
between the two groups of subjects had almost no
effect at all. The neglect of base-rate information
was even more striking in the case of Dick. That
description was constructed to be totally unin-
formative with regard to Dick’s profession. Thus,
the only useful information that subjects had was
the base-rate information that the test was adminis-
tered to 30 engineers and 70 lawyers. But that
information was entirely ignored. The median
probability estimate in both groups of subjects
was 50 per cent.

One further example of base rate neglect will
illustrate the way in which the phenomenon
might well have serious practical consequences.
Here is a problem that was presented to a group
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of faculty, staff, and fourth-year students at Har-
vard Medical School.

If a test to detect a disease whose prevalence is 1/1000
has a false positive rate of 5%, what is the chance that a
person found to have a positive result actually has the
disease, assuming that you know nothing about the
person’s symptoms or signs? ___ %

Under the most plausible interpretation of the
problem, the correct Bayesian answer is 2 per
cent. But only 18 per cent of the Harvard audience
gave an answer close to 2 per cent. Forty-five per
cent of this distinguished group completely ig-
nored the base-rate information and said that the
answer was 95 per cent.

Framing

In a study that is widely interpreted as illustrating
a deeply irrational feature of human decision-
making, Tversky and Kahneman (1981) presented
a group of subjects with the following problem:

Imagine that the U.S. is preparing for the outbreak of
an unusual Asian disease, which is expected to kill 600
people. Two alternative programs to combat the dis-
ease have been proposed. Assume that the exact scien-
tific estimate of the consequences of the programs are
as follows:

If Program A is adopted, 200 people will be saved.

If Program B is adopted, there is a 1/3 probability that
600 people will be saved, and a 2/3 probability that no
people will be saved.

A second group of subjects was given an identical
problem, except that the programs were described
as follows:

If Program C is adopted, 400 people will die.

If Program D is adopted, there is a 1/3 probability that
nobody will die and a 2/3 probability that 600 people
will die.

On the first version of the problem most subjects
chose Program A. But on the second version most
chose Program D, despite the fact that the outcome
described in A is identical to the one described in C.
The disconcerting implication of this study is that
the decisions we make are strongly influenced by
the manner in which the options are described or
framed.

A Pessimistic View of the Experimental
Results

The results we’ve sketched are a small sample of
the enormous literature on human reasoning and

decision-making in the heuristics and biases trad-
ition. (For detailed surveys see Nisbett and Ross,
1980; Kahneman et al., 1982; Piattelli-Palmarini,
1994; Baron, 2001.) What conclusions about
human rationality should we draw from these find-
ings? Though opinions are sharply divided, a clus-
ter of claims often associated with the heuristics
and biases tradition suggest a pessimistic view
about the extent of human rationality. In one
often-quoted comment, for example, two leading
investigators claimed that the experimental results
have ‘bleak implications’ for the rationality of or-
dinary people (Nisbett and Borgida, 1975). Other
researchers have concluded that individuals are
generally affected by ’‘systematic deviations from
rationality’ (Bazerman and Neale, 1986). And still
others have suggested that the fault may be in our
genes, or at least in our evolutionary history:
‘people lack the correct programs for many import-
ant judgmental tasks...[because we]...have not
had the opportunity to evolve an intellect capable
of dealing conceptually with uncertainty” (Slovic
et al., 1976). But many other theorists have argued,
on both empirical and philosophical grounds, that
conclusions like these are unwarranted. In the
remaining sections of this article, we consider
briefly a number of such challenges. (For a more
extensive review of the debate see Samuels et al.,
2002a.)

EMPIRICAL CHALLENGES TO THE
PESSIMISTIC VIEW OF HUMAN
RATIONALITY

A Challenge from Evolutionary
Psychology

One very influential challenge to the pessimistic
interpretation of the heuristics and biases experi-
ments has come from evolutionary psychologists
who maintain that the human mind contains a
number of specialized reasoning mechanisms that
function in a normatively appropriate manner
when presented with the sorts of problems that
confronted our evolutionary forebears. Some of
these theorists propose that the human mind con-
tains a specialized reasoning mechanism designed
by natural selection to solve problems in which
probabilistic information is explicitly represented
as frequencies. The ability to use probabilistic in-
formation effectively, they argue, would have
been highly advantageous to our hominid fore-
bears, and thus it would be surprising if we had
not evolved mental mechanisms capable of using
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this information rationally. But we should expect
this capacity to manifest itself most clearly when
probabilistic information is presented in a format
that would have been common in ancestral envir-
onments. In those environments, probabilistic in-
formation would almost invariably have been
presented in the form of information about fre-
quencies, as opposed to single events. Thus we
should expect people to do much better on prob-
abilistic reasoning tasks if the problems are pre-
sented in a frequency format. And it appears that
they do. In the ‘feminist bank teller’ problem, for
example, if the description of Linda is followed by a
question like this one:

There are 100 people who fit the description above.
How many of them are:

(f) bank tellers?

(h) bank tellers and active in the feminist movement?

the number of subjects who commit the conjunction
fallacy drops from over 90 per cent to only about 10
per cent.

Further evidence comes from Cosmides and Too-
by’s (1996) systematic exploration of the ‘Harvard
Medical School problem’, in which they showed
that subjects find it much easier to use base-rate
information rationally on ‘frequentist’ versions of
the problem, like the one that follows.

1 out of every 1000 Americans has disease X. A test has
been developed to detect when a person has disease X.
Every time the test is given to a person who has the
disease, the test comes out positive. But sometimes the
test also comes out positive when it is given to a person
who is completely healthy. Specifically, out of every
1000 people who are perfectly healthy, 50 of them test
positive for the disease.

Imagine that we have assembled a random sample
of 1000 Americans. They were selected by lottery.
Those who conducted the lottery had no information
about the health status of any of these people.

Given the information above:
on average,

How many people who test positive for the disease
will actually have the disease? out of

On this version of the problem, 76 per cent of sub-
jects gave the correct Bayesian answer. Although
these results are impressive, the hypothesis that we
have evolved mental mechanisms designed to
reason rationally about probability when problems
are presented in a frequency format remains highly
controversial and a number of competing hypo-
theses exist (Kahneman and Tversky, 1996).

Evolutionary psychologists have also argued
that it would have been important for our forebears
to have evolved cognitive mechanisms capable of
subserving reciprocal exchanges, and that stable
reciprocal exchange relationships require the ca-
pacity to detect cheaters — people who accept the
benefits without paying the associated costs. A
number of researchers have gone on to argue that
the puzzling pattern of successes and failures in
selection task problems can be explained by the
hypothesis that the problems on which subjects
do well are just the ones in which these reciprocal
exchange and cheater detection capacities are
deployed (Cosmides and Tooby, 1992; Gigerenzer
and Hug, 1992). This hypothesis remains very con-
troversial, however, and other authors have offered
a variety of alternative explanations (Cheng and
Holyoak, 1985; Oaksford and Chater, 1994;
Manktelow and Over, 1995; Sperber et al., 1995).

A Challenge from the Study of
Individual Differences

A different sort of challenge to the pessimistic
interpretation of the heuristics and biases
experiments comes from the study of individual
differences. Stanovich and his colleagues (Stano-
vich, 1999) have shown that while the average per-
formance on many heuristics and biases problems
is quite poor, some subjects give the answer that the
Standard Picture suggests is normatively correct on
many of these problems. Moreover, subjects who
are successful on these problems also get better
scores on widely used measures of cognitive ability
such as the Scholastic Aptitude Test (SAT). These
researchers have also found significant correlations
between success on reasoning tasks and various
measures of ‘cognitive style’ and ‘epistemic self
regulation” which aim at assessing such things as
how open-minded people are, how reflective they
are, and how willing they are to consider evidence
that contradicts their beliefs.

In light of these findings, a number of researchers
have proposed dual processing theories which main-
tain that reasoning and decision-making are sub-
served by two quite different sorts of systems. One
system is fast, holistic, automatic, largely uncon-
scious, and requires relatively little cognitive
capacity. The other is relatively slow, rule-based,
more readily controlled, and requires significantly
more cognitive capacity. Stanovich speculates that
the former system is largely innate and that, as
evolutionary psychologists suggest, it has been
shaped by natural selection to do a good job on
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problems like those that would have been import-
ant to our hominid forebears. The latter system, by
contrast, is more heavily influenced by culture and
formal education, and is more adept at dealing
with many of the problems posed by a modern,
technologically advanced, and highly bureaucrat-
ized society. Stanovich also argues that much of the
individual variation seen in heuristics and biases
tasks can be explained by differences in cognitive
capacity (more of which is required for the second
system), and by differences in cognitive style which
lead to different levels of inclination to use the
second system.

If Stanovich and the evolutionary psychologists
are right, then the more pessimistic interpretations
of the heuristics and biases experiments, according
to which people typically do not have the correct
‘programs’ for many important reasoning tasks, are
unwarranted, since everyone has the capacity to
deal rationally with those reasoning problems that
were important in the environment in which we
evolved, and some of us also have considerable
capacity to deal with a much wider range of prob-
lems. The extent to which education can improve
the capacity to handle the kinds of problems that
are important in a technological society, is, how-
ever, very much an open question.

PHILOSOPHICAL AND CONCEPTUAL
ISSUES

On the Application and Interpretation of
Standard Picture Norms

Though many investigators accept the Standard
Picture account of rationality, a number of writers
have challenged the way it has been applied to
problems like those used in heuristics and biases
experiments. So, for example, Gigerenzer (2000)
and others have argued that in order to conclude
that people are violating Bayesian normative prin-
ciples, and thus being irrational, in the base rate
neglect experiments, one must assume that the
prior probability assignments which subjects
make are identical to the base rates specified by
the experimenters. But as Koehler (1996) observes:
‘this assumption may not be reasonable in either
the laboratory or the real world. Because they refer
to subjective states of belief, prior probabilities may
be influenced by base rates and any other in-
formation available to the decision-maker prior to
the presentation of additional evidence. Thus, prior
probabilities may be informed by base rates, but
they need not be the same.” If this is right, and
we think it is, then it is a genuine empirical

possibility that some subjects are not violating
Bayes’ rule in these experiments but are merely
assigning different prior probabilities from those
that the experimenters expect.

In a more radical vein, Gigerenzer has noted that
according to the influential ‘frequentist’ interpret-
ation of probability theory, probabilistic statements
make no sense unless they are relativized to a spe-
cific reference class, and thus claims about the
probability of a single event are literally meaning-
less. Since many of the questions posed in heuris-
tics and biases experiments ask subjects to judge
the probabilities of single events (such as the prob-
ability that Linda is a bank teller), for a frequentist,
no answer could possibly violate probability
theory. Frequentism is a hotly contested view, but
even if we grant that frequentism is correct, this
argument is subject to serious objections. If state-
ments about the probabilities of single events really
are meaningless and hence do not violate the prob-
ability calculus, subjects are still guilty of making
some sort of error in many heuristics and biases
experiments. For if the questions are meaning]less,
then surely the correct response to a problem about
the probability of a single event is not some numer-
ical value or rank ordering, but rather: ‘Huh?’ or
‘That’s utter nonsense!” or “‘What on earth are you
talking about?” (For a more extended discussion of
this point, see Samuels ef al., 2002a.)

Objections to the Standard Picture

According to the Standard Picture, what it is to be
rational — what is constitutive of good reasoning — is
to reason in accord with rules or principles derived
from formal theories, and where we fail to reason in
this manner our cognitive processes are, at least to
that extent, irrational. This view of rationality is
sometimes called a deontological account. However,
some philosophers have argued that a sharp dis-
tinction needs to be drawn between the principles
governing reasoning and the formal principles of
logic and probability theory. Harman (1986), for
example, suggests that logic and probability theory
are not directly relevant to reasoning at all.
Deontology is not the only conception of ration-
ality that one might endorse. Another prominent
view, called consequentialism, maintains that what it
is to reason correctly is to reason in such a way that
you are likely to attain certain goals or outcomes.
Though the application of rules of reasoning may
be a means to the attainment of certain ends, what is
constitutive of being a rational reasoning process, on
this view, is being an effective means of achieving
some goal or range of goals. According to one
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well-known form of consequentialism — reliabilism —
a good reasoning process is one that tends to lead to
true beliefs and the avoidance of false ones. An-
other form of consequentialism — sometimes called
pragmatism — maintains that what it is for a
reasoning process to be a good one is for it to be
an efficient means of attaining the pragmatic object-
ive of satisfying one’s personal goals and desires.
One reason for adopting a consequentialist rather
than a deontological account of rationality is that it
explains why it is worth worrying about rationality
— why reasoning in a normatively correct fashion
matters. If the deontological conception of rational-
ity is rejected, however, then it is far from clear
whether any of the experimental results in the heur-
istics and biases tradition really have ‘bleak impli-
cations’ for human rationality, since it is not clear
which responses are rational on the consequential-
ist interpretation of rationality.

Another consideration that has led some to reject
the Standard Picture is the principle that ‘ought
implies can’. This principle maintains that, just as
in ethical matters where our obligations are con-
strained by what we can do, so too in the domain of
reasoning and decision-making we are not obliged
to satisfy standards that are beyond our capacities.
But the Standard Picture requires us to perform
reasoning tasks that are far beyond our abilities.
For instance, it seems to be a principle of the Stand-
ard Picture that we ought to preserve the truth-
functional consistency of our beliefs. Yet as
Cherniak (1986) and others have argued, given
even a conservative estimate of the number of
beliefs we possess, this is a computationally intract-
able task — one that we cannot perform. Similar
arguments have been developed against the claim,
often associated with the Standard Picture, that we
ought to revise our beliefs in such a way as to
ensure probabilistic coherence. Here too consider-
ations of computational complexity strongly sug-
gest that we cannot satisfy this standard. And if we
cannot satisfy the norms of the Standard Picture,
then given that ought implies can, it follows that
the Standard Picture is not the correct account of
the norms of rationality.
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Statistical properties of RT

Model testing

Reaction time is, along with accuracy, the most
important dependent variable employed in experi-
mental cognitive psychology and perhaps in all of
experimental psychology.

INTRODUCTION

Reaction time (RT) — also called response time —
refers to the time taken by a person (called a ‘sub-
ject’” or ‘participant’) to perform some task in an
experiment. The experimental psychologist must
manipulate aspects of the experiment in order
to discover important characteristics of behavior
and psychological processes, and to test theories
or models of performance. Variables in the experi-
ment that are manipulated by the experimenter are
called ‘independent variables’. Examples include
the various aspects of the stimulus (something
presented to the participant), the details of the
task requirements, and even environmental vari-
ables such as the illumination in the experimental
chamber.

Reaction time is, in contrast, a dependent vari-
able, because it (like the accuracy of the response) is
recorded by the experimenter and used to draw
conclusions of psychological interest. Reaction
time is used, for instance, to study the characteris-
tics of the psychological system within the par-
ticipant that is performing various kinds of
perceptual, mental and motor tasks. Professional
RT analyses depend on an understanding of statis-
tics, experimental design, and often mathematical
modeling. This article will attempt only to give a
feel for the topic. This entails some sacrifice of
detail and precision.

STATISTICAL PROPERTIES OF RT

One of the very first problems that a psychologist
must face is that human behavior is virtually
always probabilistic, or statistical; that is, it varies
according to the laws of chance. This chance,
probabilistic, or equivalently, statistical, aspect is



