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traveling salesman problem (Michalewrcz &. Fogel, 2000). The same uncertainty holds
for less well-structured problems, such as which job offer to accept, what stocks to invest
in, and whom to marry. Vhen optimal solutions are out of reach, we are not paralyzed
to inaction or doomed to failure. Ve can use heuristics to discover eood solutions.

What is a Heuristic?

Imagine you want to build a robot that can catch balls - fly balls, as in baseball and
cricket. (It 's a thought experiment - no such robots exist yet.) For the sake of simpliciry,
consider situations where a ball is already high up in the air andwill land in front of or J, '  ,,,.1'
behind the player. How would you build such a robot? One vision is omniscience: you .r.,! i( i
aim at giving your robot a complete representarion of its environment and the most 'r

sophisticated computational machinery. First, you might feed your robot the family of
parabolas, because, in theory, balls have parabolic trajectories. In order to select the right
parabola, the robot needs to be equipped with instruments that can measure the ball's
initial distance, initial velociry, and projection angle. Yet in the real world, balls do not
fly in parabolas, due to air resistance, wind, and spin. Thus, the robot would need fur-
ther instruments that can measure the speed and direction of the wind at each point of
the ball's flight, in order to compute the resulting path and the point where the ball will
land, and to then run there. All this would have to be completed within a few seconds
- the time a ball is in the air.

An alternative vision exists, which does not aim at complete representation and informa-
tion. It poses the question: Is there a smart heuristic that can solve the problem? One way
to discover heuristics is to study experienced players. Experimental studies have shown
that players actually use several heuristics. One of these is the gaze heuristic. When a fly
ball approaches, the player fixates the ball and starts running. The heuristic is to adjust
the running speed so that the angle of gaze remains constant (or within a certain range;
see Mcleod & Dienes, 1996). The angle of gaze is the angle berween the eye and the
ball, relative to the ground. In our thought experiment, a robot that uses this heuristic
does not need to measure wind, air resistance, spin, or the other causal variables. It can
get away with ignoring every piece of causal information. All the relevant information is
contained in one variable: the angle of gaze. Note that a player or robot using the gaze
heuristic is not able to compute the point at which the ball will land. But the player will
be there where the ball lands.

The gaze heuristic is a fast and frugal heuristic. It is fast because it can solve the
problem within a few seconds, and it is frugal because it requires little information, just
the angle of gaze. In general, a heuristic is a rule, such as "6xate the ball, start running,
and adjust your running speed so that the angle of gaze remains constanr." Bur a rule is
not necessarily a heuristic, unless it embodies three qualities:

Heuristics exploit euolued capacities. A heuristrc rs simple relative to the evolved or
learned capacities of an organism. For example, it is easy for humans ro track a
moving object against a noisy background; two-month-old babies can already hold
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What is Bounded Rationaliw?

In models of unbounded rationaliry, all relevant information is assumed to be freely
available to everyone. In this framework the question is, if humans had perfect information
and all eternity at their disposal, how would they behave? Models of bounded rationality
put us back into our human skin and try to answer the question, how do humans who
have little time and knowledge behave? However, Simon's (1955, 1956) term bounded
rationalifl itself has become associated with three disparate programs: the study of opti-
mization under constraints, the study of cognitive illusions, and the study of fast and
frugal heuristics.

The term bounded can refer to constraints in the environment, such as information
costs, and to constraints in the mind, such as l imited memory (Todd,2001). Adding
one or more constraints to the program of as-if optimization results in optimization
under constraints (Conlisk , 1996). For instance, the idea of measuring all causal variables
that determine the trajectory of a ball's flight, subject to some constraint such as rime,
i l lustrates this program of as-i f  optimization. In personal conversation, Herb Simon once
remarked with a mixture of humor and anger that he had considered suing authors who
misused his concept of bounded rat ional iry to construct even more unreal ist ic models of
the human mind.

The study of cognit ive i l lusions evolved in opposit ion to optimization, but also l inked
itself  to the study of bounded rat ional iry (e.g., Camerer, 1998; Kahneman, Slovic, &
Tversky, 1982, p. xi i) .  I ts primary aim is to show that optimization is descript ively
invalid, that is, to demonstrate that people's judgments do not actually follow the laws
of probabil i ry or the maximization of expected ut i l i ry. The result is a l ist of deviat ions
from norms, which are interpreted as cognitive fallacies, emphasizing irrationality rather
than rationality. The assumption is that these deviations can reveal the underlying
cognit ive processes (see Chapter 5, this volume).

How would this program approach the problem of how players catch a ball? Let us
continue the thought experiment. One might try to demonstrate that players actually
make systematic errors when computing the point where the ball will land. A player
rnight be positioned on a fixed point in the field, a fly ball is thrown, and the player is
asked to predict where the ball will hit the ground. If players cannot predict very well,
such as underestimating their distance to the point where the ball will land, this error
would be attributed to people's limited cognitive abilities. It might be labeled the opti-
mistic bias in baseball, because underestimation suggesrs that players think they might
catch the ball even when they can't. A debiasing training might be offered to players. In
this thought experiment, the cognitive illusions program would correctly conclude that
the optimizing model is descriptively disproved, but the optimistic bias would not lead
to the discovery of the gaze heuristic or other heuristics that players use. Just like the
optimization model, the cognitive illusions program would overlook that the actual goal
of the player is not to predict where the ball will land, but to be there where the ball
lands. The rationaliry of heuristics is not simply a means to a given end; the heuristic
itself can define what the end is.
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Simon's vision of bounded rationaliry was neither optimization under constraints nor

cognitive illusions (Gigerenzer,2004). His notion of rationaliry was an ecological one:

the match berween mind and environment. This is best illustrated in an analogy he

offered: "Human rational behavior is shaped by a scissors whose blades are the structure

of task environments and the computational capabil i t ies of the actor" (Simon, 1990,

p.7).I f  looking only at one blade, one cannot ful ly understand how the human mind

works, just as one cannot understand how scissors cut.

For instance, as Table 4.1 illustrates, as soon as researchers began to study the struc-

ture of information in the environment, what looked like a dull cognitive illusion often

turned out to be a sharp pair of scissors. In a series of experiments, for example, par-

ticipants answered general-knowledge questions. The rypical finding was that when

participants were 100 percent confident of giving a correct answer, the average number

correct was lower, such as B0 percent. This phenomenon was labeled ouerconfdence bias

or miscalibration and interpreted as a cognitive illusion. A glance at the environmental

structure, however, reveals a large unsystematic error, which in the absence of any cognitiue

bias leads to regression towards the mean, that is, the average number correct is always

lower than a high confidence level. When one plots the data the other way round, the

unsystematic error produces a pattern that looks llke underconfdence: When participants

answered 100 percent correctly, their mean confidence was lower, such as B0 percent.

Rather than being a cognitive illusion, the phenomenon seems largely a consequence of

environments with substantial unsystematic error (Erev, \Tallsten, & Budescu, 1994;

but see Chapter 9, this volume, for a different view).

Models of Heuristics

A model of a heuristic specifies: (1) a process rule; (2) the capacities that the rule exploits

to be simple; and (3) the kinds of problems the heuristic can solve, that is, the structures

of environments in which it is successful. The latter fwo are Simon's blades. Models of
heuristics need to be distinguished from mere labels. For instance, terms such as repres-

entatiueness and auailabili4t are common-sense labels without specification of a process

and the conditions under which a heuristic succeeds and fails. These need to be developed
into testable models; otherwise they can post hoc account for almost everything (see

Gigerenzer, 1996,2000; Gigerenzer & Murray, \987, Chapter 5; Gigerenzer &. Regier,

1995; Kahneman & Tversky, 1996).

There do already exist a number of testable models for heuristics, such as satisficing
(Sel ten,200l ;S imon,  1982) ,  e l iminat ion by aspect  (Tversky,1972) ,  and var ious heur-

ist ics for mult iattr ibute choice discussed in Payne, Bettman, 6c Johnson (1993), and

Chapter 6, this volume. Much of this earlier work addressed heuristics for preferences, 
a:tnot for inferences, that is, for problems where no external criterion of success exists. \

Criteria for the accuracy of heuristics were typically internal, such as whether they used
all of the information or how closely they mimicked the gold standard of a weighted

additive model. Because there were no external criteria for accuracy, the true power of
heuristics could not be demonstrated. Some concluded that heuristics generally lead to
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different from that for recall. For instance, one may recognize a face but nor recall

anything about who that person is (Craik & McDowd, 1987).

Ecological rationality: The recognition heuristic is successful when ignorance is systematic
rather than random, that is, when recognirion is strongly correlated with the criterion.

' fhe 
direct ion of the correlat ion berween recognit ion and the cri terion can be learned

from experience, or i t  can be genetical ly coded. Substantial correlat ions exist in com-

petitive situations, such as between name recognition and the excellence of colleges, rhe

value of the products of companies, and the quali ty of sports teams. Consider forecasting

the outcomes of rhe 32 English FA Cup third-round soccer matches, such as Manchester

United versus Shrewsbury Town. Ayton and Onkal (1997) tested 50 l'urkish students

and 54 British students. The Turkish participants had very little knowledge about (or

interest in) English soccer teams, while the Brit ish part icipants knew quite a bit .  Never-

theless, the Turkish forecasters were nearly as accurate as the English ones (63 percenr
versus 66 percent correct). Their predictions were consistent with the recognition heuristic

in 627 out of 662 cases (95 percent). Experimental studies by Goldstein and Gigerenzer
(2002) indicate that in situations where the recognition heuristic is ecologically rational,

people rely on it in about 90 percent of all cases.

One way to measure the degree of ecological rationaliry of the recognition heuristic
(the correlation between recognition and criterion) is the recognition ualidi4t a, which is

the proportion of times a recognized object has a higher criterion value than an un-
recognized object in a re{brence class, such as cit ies, companies, or sports teams:

u - R l ( R + W )

where R is the number of correct (right) inferences the recognition heuristic would
achieve, computed across all pairs in which one object is recognized and the other is not,

and W is the number of incorrect (wrong) inferences under the same circumstances.

The recognition heuristic should not be confused with labels such as auailability
(Tversky 6r Kahneman, 1974) or familiari4t (Griggs & Cox, 1982). Availabiliry refers to
ease of recal l ,  not recognit ion. The recognit ion heurist ic implies several counterintuit ive

phenomena that cannot be deduced from any other theory I am aware of. For instance,

recognition information tends to dominate further knowledge, in rats as well as in

people, even i f  there is confict ing evidence (Goldstein & Gigerenzer,2002). Next, I  wi l l
deduce a counterintuitive phenomenon, the less-is-more ffict, and the conditions under
which i t  wi l l  occur.

The less-is-more effect

Equation 4.2 specifies the proportion of correct answers r on an exhaustive test of all pairs
of l/objects (such as cities, soccer teams) for a person that recognizes z of these ob.iects:

(4 . r )

(4.2)
2n( IV  -n )  ( l /  -  n ) ( IV  -n - r ) r

l/(l/ - 1) l/(N - 1) 2
*  

n ( n - l )  
O

l/(l/ - 1)'
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,t knowledge beyond mere recognition, for F = 0.6. The left dot represenrs a person
.'r ho has not heard of any objects, while the dot on the right represenrs someone who has
:eard of all objects and has recall knowledge that does better than chance. The middle
Jot represents a person who recognizes less objects Dur gers more correct inferences. In
ieneral, assuming that a and B are constant, the following result can be proven (Goldstein
s Cigerenzer,2002):

Less-is-more ffict: The recognition heuristic will yield a less-is-more effect if a > B.

\ less-is-more effect can emerge in at least three different situations. First, it can occur
renveen fwo groups of people, when a more knowledgeable group makes worse infer-
inces than a less knowledgeable group in a given domain. An example is the perform-
-ince of the American and German students on the quesrion of whether San Diego or
San Antonio is larger. Second, a less-is-more effect can occur berween domains, that is,
',i 'hen the same group of people achieve higher accuracy in a domain in which they know
,itr le than in a domain in which they know a lot.  For instance, when American students
rvc're tested on the 22largest American cities (such as New York versus Chicago) and on
rhe 22 largest German cities (such as Cologne versus Frankfurt), they scored a median
-1.0 

percent (mean 71.7 percent) correcr on their own cit ies but sl ightly higher on the
iess famil iar German cit ies, with a median of 73.0 percenr correcr (mean 71.4 percent),
This effect was obtained despite a handicap: Many Americans already knew the three
largest US cities in order, and did not have to make any inferences (Goldstein &
Gigerenzer, 2002). A similar less-is-more effect was demonstrated with Austrian stu-
dents, whose scores for correct answers were slightly higher for the 75 largest American
cit ies than for theT5largest German cit ies (Hoffrage,1995; see also Gigerenzer, 1993).
Third, a less-is-more effect can occur during knowledge acquisition, that is, when an
individual's performance curve first increases but then decreases again.

Less-is-more in groups

Consider now group decision making. Three people sit in front of a compurer screen on
which questions such as "\fhich ciry has more inhabitants: San Diego or San Antonio?"
are displayed. The task of the group is to find the correct answer through discussion, and
they are free to use whatever means. In this task, the correcr solution is difficult ro "prove"

by an individual group member; thus, one might expecr that the majority determines the
group decision (the majority rule; see Gigone & Hastie, 1997). Consider now rhe follow-
ing conflict. Two group members have heard of both cities and each concluded inde-
pendently that ciry A is larger. But the third group member has not heard of A, only of
B, and concludes that B is larger (relying on rhe recognition heuristic). After the three
members finished their negotiation, what will their consensus be? Given that two mem-
bers have at least some knowledge about both cities, one might expecr that the consensus
is always ,4, which is also what the majoriry rule predicts. In fact, in more than half of all
cases (59 percent), the group voted for B (Reimer & Katsikopoulos, 2003). This number
rose to 76 percent when nvo members relied on mere recognition.
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are often presented as as-if models, whose task is to predict the ourcome rather than the
process of decision making, although it has been suggested that the calculations might be
performed unconsciously using the common curren cy of neural activation.

The second vision of search is that people use heuristics - either social heuristics or
reason-based heuristics - that exploit some evolved capacities. Social heuristics exploit
the capaciry of humans for social learning and imitation (imitation need not ,erult in
learning), which is unmatched among the animal species. For instance, rhe fol lowing
heurist ic generares social faci l i tat ion (Laland, 2001):

Do-what-the-majority-do heuristic: If you see the majoriry of your peers display a behavior,
engage in the same behavior.

For the marriage problem, this heuristic makes a man start thinking of marriage at a
time when most other men in one's social group do, say, around age 30. It is a -ori frugal
heuristic, for one does not even have to think of pros and cons. Do-what-the-majoriry-
do tends to be ecologically rational when (1) the observer and the demonstrators of the
behavior are exposed to similar environmenrs that (2) are stable rather than changing,
and (3) noisy, that is, where it is hard to see what the immediate consequence of or.t,
ac t ion is  (Boyd & Richerson,  1985;  Goldste in ,  Gigerenzer ,  Hogar th ,  e t  a I . ,2001) .

Darwin, however, seems to have based his decision on reasons. I will describe two
classes of heuristics that search for reasons. Unlike optimizing models, they do not both
weight and add cues. One class of heuristics dispenses with adding, and searches cues in
order (a simple form of weighing). I will refer to this class as one-relson decision mahing.
The second class dispenses with weighing, and adds up cues until a threshold is mei.
I will refer to the second class as tallying heuristics. Each of the heuristics consists of
three building blocks: a rule for search, stopping, and decision making. I will specif,
some of the conditions under which each class of heuristics will be successFul. and in
order to do this, I will turn to inference rather than preference.

Take The Best and tallying

Consider the task of predicting which alternative, a or b, has the higher value on a
criterion, where a and b are elements of a set of l/ alternatives (which can be acrions,
objects, events). The predict ion can be based on M binary cues (1 , 2, .  .  . ,  i ,  .  .  . ,  M),
where the cue values 1 and 0 indicate higher and lower criterion values, respecrively. To
illustrate, consider an experiment by Newell, \(/eston, & Shanks (2003). ihe particip-
ants were presented with a series of choices berween the shares of two fictional companies.
In each trial, two companies were presented on a compurer screen, and the partiiipants
were asked to infer which share would prove to be more profitable. To help find the
more profitable share, participants could acquire information concerning six cues, such
as: "Does the companv invest in new projects?" and "Does the company have financial
reserves?" The cost of information about each cue was lp (penny). After participants had
bought as many cues as they desired, they made their choice, and feedback was given
whether the answer was correct. When the answer was correct, the participants rec.i.red
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During the test phase, 75 percent of the participants followed the search rule of T'ake
The Best. When there were only fwo cues, this number increased to 92 percent. Thus,
the great majoriry of participants did not search randomly, but in order of validiry.

Sropping rule. The logical possibilities for stopping search are fewer than those for
search. There are six possibi l i t ies, after the f irst,  second, .  .  . ,  sixth cue (not counting rhe
possibi l i ry that people would not search but simply guess). Tal lying postulates that
part icipants add up more than one cue, but leaves open how many ( i .e.,  the number zz
rntlst be independently estimated). In contrast, Take The Best postulates that search is
stopped immediately after the first discriminating cue is found, not beforehand and
not later. Note that each stopping rule can be valid independent of the results for the
search rule. For instance, people can search in one of the 719 orders not consistent with
: but stop after the first discriminating cue is found, or search can follow validity but is
onlv stopped after all cues have been looked up. Thus, the empirical result {ror the search
rule does not constrain the stopping behavior. Newell ,  \( /esron, and Shanks (2003)
reported that in 80 percent of all cases (where participants bought any information at
r l l ) ,  part icipants did not continue beyond a single discriminating cue, and this number
increased to 89 percent when there were only two cues. This means that the great major-
in' stopped search immediately after they found the first cue that made a difference.

Decision rule. ln theory, participants can use infinite ways to combine the informa-
tion concerning six cues. This includes linear models, weighted or unweighted. If a person
tollows the one-reason stopping rule, this constrains the ways to arrive at a decision
n'hereas, as mentioned before, the search rules impose no constraints on the stopping

-rnd decision rules). I f  only one piece of discriminating information is obtained, i t  seems
rhat the only reasonable decision rules left are forms of one-reason decision making. The
rnult iple-reason stopping rule, in contrast, would nor consrrain possible decision rules.
\ervell, \(/eston, and Shanks (2003) report that the decision rule of Take The Best was
tollowed by their participants in 89 percenr of trials, both for six and fwo cues.

There are now a substantial number of experiments that have analyzed under what
;ondit ions people use Take The Best (e.g., Broder, 2000, 2003; Newell  & Shanks ,2003;
\ewell, \7eston, and Shanks, 2003) and where Take The Best was compared with other
heuristics or optimizing models in the same task (Broder, 2000, 2002; Broder & Schiffer,
1003a, 2003b; Lee & Cummins, in press; Newell, Rakow, \(/esron, & Shanks, in press;
Rieskamp & Hoffrage,7999; Rieskamp & Otto, 2004; Todorov, 2002). Comparatively
iittle experimental work has examined tallying (Broder, 2000; Rieskamp & Hoffrage,
\999).One-reason decision making has been observed in high-stake decisions. Bri t ish
rnagistrates tend to make bail decisions on the basis of one good reason only (Dhami,
1003; Dhami & Ayton, 2001), and so do British general practitioners when they prescribe
lipid-lowering drugs (Dhami & Harries ,2001). Many parenrs rely on one reason to decide
ii'hich doctor to drive to in the night when their child becomes seriously ill (Scott, 2002).

Take The Best and tallying have been proposed and tested as components of a number
of judgmental processes, such as in probabilistic mental models theory (Gigerenzer,
F{offrage, & Keinbolt ing, 1991; Slegers, Brake, & Doherry,2000) and RAFT, the f irst

Process model for the hindsight bias (Hoffrage, Herrwig, & Gigerenzer, 2000). We
know from many studies that hindsight bias somerimes occurs and sometimes does not.
The process model can predict for each participant and question whether hindsight bias
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Noncompensatory
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TallTing
Compensatory

1 2 3 4 5  1 2 3 4 5

Cue Cue

Iigule 4.3 Ecological rationality of Take The Best and tallying
' f l . re 

environment on the le Ft sicle has pcrfect ly nonconrpcnsarory infcrrmarion (the wcighrs of f ive binary cucs
clccrease exponcntial lv);  the onc on the r ight sicle has perf icr ly compensarory infbrmation (al l  weights are equal).
Take 

' l 'he 
Best (but not tal lving) can exploit  nonconpensarorv informarion, and tal lying (bur not Take 

' l 'he

Best) can exploit  compensarory infornration.

.\ource'.  Mart isnon & Hoffrrree (1999)

Figure 4.3 (right), where all cues have the same weights, one can see rhar a tallying heuristic
that tallies all cues (* = M) will lead to the same accuracy as any linear model.

There are further structures that these rwo heuristics can exploit (Forster, Martignon,
Vitouch, & Gigerenzer,2003; Mart ignon & Hoffrage,7999,2002). For instance, when
information is scarce, that is, the data points are few compared ro the number of cues,
then Take The Best and other simple heuristics will generally be of advantage compared to
multiple regression and other statistical models that need large learning samples (Gigerenzer
et al. ,  1999; Chater, Oaksford, Nakisa, & Redington, 2003).

How Do People Know Sfhich Heuristic to Use?

Research suggests that people hardly ever make conscious decisions about which heur-
istic to use, but that they quickly and unconsciously tend to adapt heuristics to changing
environments, provided there is feedback (Payne et al. ,  1993).This adaptive process is
i l lustrated by an experiment by Rieskamp and Otto (2004). Part icipants took on the role
of bank consultants with the task of evaluating which of rwo companies applying for a
loan was more credirworthy on the basis of six cues, such as qualification of .-ploy..,
and profitabiliry (similar to the experiment by Newell et al., 2003, excepr that rhere were
no costs for looking up cue values). For the frrx.24 pairs of companies, no feedback was
provided as to the correctness of the participant's inference. Participanrs followecl Take
The Best in only about 30 percent of the cases, which is not unusual for si tuations where
information is free. In the following trials, feedback was given. For one group of particip-
ants, the environment was noncompensatory (see Figure 4.3), that is, the company rhar
was more creditworthy was determined by the cue with the highest validiry (on which

. U

r 2 3 4 5
Cue
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(H Take The Best
EI€ Tallying

H Multiple regression
O--O Minimalist

Fit t ing Prediction

ligurc 4.5 Simpliciry can lead to higher predictive accuracy

The predict ive power of three heurist ics is compared to that of mult iple regression in 20 problems. Two of the
heuristics (Take The Best and minimalist) are from rhe one-reason decision-making family; the third is from
the tal lying family (unit  weight l inear model).  The 20 predict ion problems include psychological,  economic,
environmental, biological, and health problems. Most were taken lrrom statistical textbooks, where they sened as
good examples for the application of mult iple regression. The number of cues varied berween 3 and 19, ancl
these were binary or dichotomized at the median. For each of the 20 problems and each of the four srrategies,
the 95 Percent confidence intervals were ( 0.42 percentage points. Although multiple regression has the best fit,
rwo of the heuristics have higher predictive accuracy.
Source: Czerl inski et al.  (1999)

data. An excellent fit can mean little more than ouetftting (Mitchell, 1997; Roberts &
Pashler, 2000). To define overfitting, we need to distinguish berween a learning sample
from which a model estimated its paramerers and the test sample on which it i, t.rt.d.
Both samples are randomly drawn from the same population.

Defnition: A model O ouerfts the learning sample if there exists an alternative model O'
such that O has a smaller error than O' in the learning sample but a larger error in the test
sample. In this case, O' is called the more robust model.

Consider Figure 4.5, which shows the accuracy of three heuristics compared to multiple
regression, averaged across 20 real-world problems (Czerlinski, Gigerenzer, & Goldsrein,
1999). In each problem, the task was to predict which of two objects scores higher on a
criterion. For instance, one problem was to predict which Chicago public high school
has the higher dropout rate. The cues included the arrendance rates of the st'.,Jerrtr, th.
socioeconomic and ethnic compositions of the student bodies, the sizes of the classes,
and the scores of the students on various standardized tests. Other problems involved

20 prediction problems

t  f f r  .  r . e * .
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Fast and Frugal Heuristics B I

The Building Bloclis of Heuristics

One way to think of the relation berween heuristics and their building blocks is the
periodic table in chemistry, where there are many elements but only few particles. Just as
the same particles combine to new chemical elements, the same builJing blocks can
construct new heuristics to deal with new tasks. Consider the following p-bl.-.

A man is rushed to the hospital with serious chest pains. The doctors suspecr acure
ischemic heart disease (myocardial infarction) and need to make a decision, 

"rd 
th.y

need to make it quickly: Should the patient be assigned to the coron ̂ry care unit or
to a regular nursing bed with ECG telemetry? In a Michigan hospital, doctors sent
90 percent of their patients to the coronary care unit. This defensive decision making led,
to overcrowding, decreased the qualiry of care provided, and became a health ,isk fo.
patients who should not have been in the unit. An experr system with some 50 prob-
abilities and a logistic regression did better than the physicians, but physicians do .,o,
like to use these systems because they are nor transparent, that is, they don't understand
them. To find a solution, researchers at the Universiq, of Michigan Hospital (Green &
Mehr, 1997) used the building blocks of Take The Best to design a classification heuristic
in the form of a fast and frugal tree (Figure 4.6).If a parient h"r a certain anomaly in his
electrocardiogram (the so-called ST segment), he is immediately admitted to the coronarv

unit decisions

ligute 4.6 A heuristic

Source: Based on Green

for coronary care unit allocation

& Mehr (1997)

Fast andfrugal tree: coronary care
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include aspiration levels (as in mate choice; see Todd 6c Miller, 1999), social notions of
equity (as in parental investment; see Hertwig, Davis, & Sulloway,2002), social norms
(as in conformism; see Boyd & Richerson,2001), and emotional processes, whose func-
tion can be analog to that of cognitive building blocks, yer srronger and longer lasting
(see the chapters in Gigerenzer &, Selten,2001). For insrance, fall ing in love can be seen
as a powerful stopping rule that ends search for a parrner and fosters commirmenr.
Disgust can limit the choice set, and social norms can free us from having to think about
how to make decisions all the time.

The Adaptive Toolbox

The study of smart heuristics is concerned with identiS'ing (l) the building blocks of
heuristics, and (2) the structures of environmenrs rhar a given heuristic can exploit, that
is, the kind of problems it can solve. In other words, its first objective is the study of the
adaptive toolbox, and the second that of ecological rationaliry, with aims that are both
descriptive and prescriptive. The study of the adaptive toolbox aims at description,
including individual difference.s in the use of heuristics, and the change in the adaptive
toolbox over the life course (Gigerenzer,2003). Models of heuristics allow for qualitative
predictions, such as whether players will catch a ball while running or the conditions in
which hindsight bias will and will not occur. They also allow for quantitative predictions,
such as the proportion of correct answers when using the recognition heuristic. Consistent
with Bayesian model testing (MacKay, 1992), the strongest resrs can be obtained from:
(1) counterintuitive predictions, such as the less-is-more effect in individual and group
decision making, and (2) models with zero adjustable paramerers, such as the search,
stopping, and decision rules of Take The Best.

The study of ecological rationaliry, in contrast, is descriptive and prescriptive. Its
results concerning the match beween heuristics and structures of environments can be
used to derive hypotheses about people's adaptive use of heuristics. These results also
carry prescriptive force. For instance, when the available information is noncompensarory,
we can recommend a fast and frugal tree for classification, or Take The Best for paired
comparison, because these heuristics will predict as well as any linear model, yet faster,
more frugally, and more transparently. If in addition the available information is scarce,
we expect that the heuristics will be more accurate, because they tend to be robust. Most
problems that worry our minds and hearts are computationally intractable - no machine
or mind can find the optimal solution. The systematic study of fast and frugal heuristics
can provide normative recommendations on an empirical basis, even when we can never
know the best solution.

In this chapter, I invited you to a journey into a land of rationaliry that is different
from the familiar one we know where the sun of enlightenmenr shines down in beams
of logic and probability. The new land of rationality we set out ro explore is shrouded in
a dim mist of uncertainry, populated with people who have limited time and know-
ledge, but with smart heuristics at their disposal. tilTelcome, and I hope you feel at home
in this world.
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