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Introductory Overview

The Center for Adaptive Behavior and Cogni-
tion (ABC) investigates reasoning and decision
making under uncertainty, at the levels of both
individuals and social groups. The research
group consists of psychologists, mathema-
ticians, computer scientists, evolutionary biol-
ogists, economists, and researchers from other fields. With
different methodological abilities—such as experimental
methods, computer simulation, and mathematical analysis—
they cooperate on the same problems.

The ABC program combines a strong theoretical focus
with practical applications. The research group works on the
metatheory, on specific models, and on applications. The ap-
plications range from teaching statistical thinking to using
heuristics to invest in the stock market, from improving statis-
tical reasoning by particular representations of numerical in-
formation in AIDS counseling to improving statistical intu-
itions of expert witnesses in law courts.

The theoretical focus can be—albeit artificially—divided
into three aspects.

Truth is ever to be found in
simplicity, and not in the

multiplicity and
confusion of things.

Isaac Newton

In this world
nothing is certain

but death and taxes.
Benjamin Franklin

Bounded rationality Models of
bounded rationality try to answer the
question of how real people with limit-
ed time, knowledge, money, and other
scarce resources make decisions. This
program is an alternative to the domi-
nant optimization paradigm in cognitive
science, economics, and behavioral biol-
ogy that poses the question of how

Laplacean superintelligences and other
heavenly beings would behave. We
study the proximal mechanisms of
bounded rationality, that is, the adap-
tive heuristics that enable decisions un-
der uncertainty quickly and frugally.
This collection of heuristics and their
building blocks is what we call the
adaptive toolbox.
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Ecological rationality Models of
ecological rationality describe the struc-
ture and representation of information
in actual environments and their match
with mental strategies, such as bound-
edly rational heuristics. To the degree
such a match exists, heuristics need not
trade accuracy for being fast and fru-
gal—they can have it both ways. The si-
multaneous focus on the mind and its
environment, past and present, puts re-
search on decision making under uncer-
tainty into an evolutionary and ecologi-
cal framework, a framework that is
missing in most theories of reasoning,
both descriptive and normative. In short,
we study the adaptation of mental and
social strategies to real-world environ-
ments rather than compare strategies to
the laws of logic and probability theory.

Social rationality Social rationality
is a variant of ecological rationality—one
for which the environment is social ra-
ther than physical or technical. Models
of social rationality describe the struc-
ture of social environments and their
match with boundedly rational strate-
gies people use. Social environments in-
crease the variety of goals in decision
making and those of the heuristics. In
addition to the goals that define ecolog-
ical rationality—to make fast, frugal, and
fairly accurate decisions—social rational-
ity is concerned with more specific
goals, such as choosing an option that
one can defend with argument or
morally justify, or that can create a con-
sensus. Unlike the purely cognitive focus
of most research on bounded rationality,
socially adaptive heuristics include emo-
tions and social norms that can act as
heuristic principles for decision making.

These three notions of rationality
converge on the same central issue: to
understand human behavior and cogni-
tion as it is adapted to specific environ-
ments (ecological and social), and to
discover the heuristics that guide adap-
tive behavior. Based on the findings of
evolutionary psychology, researchers can
suggest alternatives to tool-laden theo-
ries that tend to picture the mind as a
computer equipped with the latest soft-
ware. Finally, research on methodologi-
cal, historical, and theoretical questions,
in particular the influence of method-
ological preferences—such as linear
models—on theories of cognition, con-
stitutes a source of ideas that is of cen-
tral importance to modeling visions of
rationality.

O XFORD UNIVERSITY PRESS 2000

These collected papers by Gerd Gigerenzer helped to
build the theoretical and empirical foundations of the
ABC research program. Here, the old view of the mind
as an all-powerful statistician is overthrown, and ra-
tionality is reformulated instead as adaptive thinking:
the way minds cope with their environments, both eco-
logical and social.
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The ABC program is an invitation to
participate in a journey into largely un-
known territory. The journey ventures
into a land of rationality that is differ-
ent from the familiar one we know from
the many stories in cognitive science
and economics—tales in which humans
with unlimited time and knowledge live
in a world where the sun of enlighten-
ment shines down in beams of logic and
probability. The new land of rationality

we set out to explore is, in contrast,
shrouded in a mist of uncertainty. Peo-
ple in this world have only limited time,
knowledge, and computational capaci-
ties with which to make inferences
about what happens in their world. The
notions of bounded, ecological, and so-
cial rationality are our guides to under-
standing how humble humans survive
without following the heavenly rules of
rational choice theory.

Bounded Rationality

Humans and animals do make inferences about un-
known features of their world under constraints of
limited time, knowledge, and computational capaci-
ties. Many models of rational decision making in
cognitive science, economics, biology, and other
fields, in contrast, tend to ignore these constraints. We, however, do
not conceive of bounded rationality as optimization under con-
straints, nor do we think of bounded rationality as the study of how
people fail to meet normative ideals. Rather, bounded rationality is
the key to understanding how actual people make decisions without
utilities and probabilities. Bounded rationality consists of simple
step-by-step rules that function well under the constraints of limited
search, knowledge, and time—whether or not an optimal procedure is
available. Just as a mechanic will pull out specific wrenches, pliers,
and spark-plug gap gauges to maintain an engine rather than just
hit everything with a hammer, different domains of thought require
different specialized tools. The notion of a toolbox full of unique
one-function devices lacks the beauty of Leibniz's dream of a single
all-purpose inferential power tool. Instead, it evokes the abilities of a
craftsman or a used-parts dealer who can provide serviceable solu-
tions to almost any problem with just the things at hand.

Bounded rationality is
what cognitive psy-
chology is all about.

And the study of
bounded rationality is
not the study of opti-
mization in relation to

task environments.
Herbert Simon
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The Adaptive Toolbox
This repertoire of specialized cognitive mechanisms that evolution has
built into humans' minds for specific domains of inference and rea-
soning, including fast and frugal heuristics, is called the "adaptive
toolbox.” We clarify the concept of an adaptive toolbox as follows:
• It refers to a specific group of rules or heuristics rather than to a

general-purpose decision-making algorithm.
• These heuristics are fast, frugal,

and computationally cheap
rather than consistent, coher-
ent, and general.

• These heuristics are adapted to
particular environments, past or
present, physical or social.

• The heuristics in the adaptive
toolbox are orchestrated by
some mechanism reflecting the
importance of conflicting moti-
vations and goals.

Why Fast and Frugal
Heuristics Work
• Fast and frugal heuristics exploit the

structures of information in the envi-
ronment. That means their rationality
is a form of "ecological rationality,”
rather than one of consistency and
coherence (Hertwig & Hoffrage,
2001; Martignon & Hoffrage, 1999).

• Simple strategies are robust com-
pared to models with large numbers
of parameters (Martignon & Schmitt,
1999).

The Multiple Meanings of
“Bounded Rationality”
Some 40 years ago, the economist Her-
bert Simon challenged the models of
rational decision making in cognitive
science, economics, biology, and other
fields that tend to treat the mind as a
supercomputer or as a Laplacean De-

mon equipped with unlimited time, in-
formation, and computational capaci-
ties with his notion of "bounded ration-
ality,” often misinterpreted as optimiza-
tion under constraints or human
irrationality. The conception of bounded
rationality is neither optimization under
constraints (such as limited time or
other limited resources) nor is it the
study of how people fail to meet nor-
mative ideals.

Examples for Fast and Frugal
Heuristics
Fast and frugal heuristics consist of
three building blocks: simple rules for
guiding search (in memory or external
search), for stopping search, and for de-
cision making. To illustrate, we present
a few examples of fast and frugal
heuristics:

Key References

Hertwig, R., &
Hoffrage, U. (2001).
Eingeschränkte und
ökologische Rationalität:
Ein Forschungspro-
gramm. Psychologische
Rundschau, 52, 11–19.

Martignon, L., & Hoff-
rage, U. (1999). Why
does one-reason deci-
sion making work? A
case study in ecological
rationality. In G. Gige-
renzer, P. M. Todd, & the
ABC Research Group,
Simple heuristics that
make us smart (pp.
119–140). New York:
Oxford University Press.

Martignon, L., &
Schmitt, M. (1999). Sim-
plicity and robustness of
fast and frugal heuris-
tics. Minds and Ma-
chines, 9, 565–593.
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Ignorance-based decision making:
The recognition heuristic Which city
has a larger population, San Diego or
San Antonio? If you are not American,
you will probably guess San Diego.
Why? Because you have heard of it, and
chances are that you have never heard
of San Antonio. If you are American,
however, you probably recognize the
names of both cities, and thus, cannot
rely on the recognition heuristic to
make your choice. In a study of Gold-
stein and Gigerenzer (1999) only 62%
of the American students, but 100% of

the German students made correct in-
ferences about population size. The
recognition heuristic can produce the
counter intuitive "less-is-more” effect.
For instance, American students made
more correct inferences about the rela-
tive size of the largest German cities
than about the largest American cities
(they had heard of all
the American cities and
thus could not use the
simple recognition
heuristic).

In the past few years, the theory of rational ( sensible ) h
behavior has broken loose from the illusory and empirically unsup-
ported notion that deciding rationally means maximizing expected
utility. Research has learned to take seriously and study empiric
how real human being actually address the vast complexities of
the world they inhibit.Simple Heuristicsoffers a fascinating in-
troduction to this revolution in cognitive science, striking a

blow for sanity in the approach to human rationality.
Herbert A. Simon, Nobel Laureate in Economics and Professor of
›Computer ›Science and Psychology at Carnegie Mellon Universit

This book is a major contribution to the theory of bounded ratio-
ality. It illustrates that the surprising efficiency of fast an

procedures is due to their fit with the structure of the environm
in which they are used. The emphasis on the ecological rationali
is an advance in a promising and already fruitful new ›directio

research.
Reinhard Selten, Nobel Laureate in Economics and Professor of

Economics at the University of Bonn

Gigerenzer &Todd s volume represents a major advance in our un-
derstanding

of human reasoning, with many genuinely new ideas on how people
think and an impressive body of data to back them up. Simple

Heuristics is indispensable for cognitive psychologists, economis
and anyone else interested in reason and ›rationality

Steven Pinker, Professor of Psychology at MIT and author ofHow
the Mind Worksand Words and Rules

How do people cope in the real, complex world of confusing and
overwhelming information and rapidly approaching deadlines? This
important book starts a new quest for answers. Here, Gigerenzer
Todd, and their lively research group show that simple heuristi
are powerful tools that do surprisingly well. The field of ›dec

A body of results concerning fast and frugal heuristics has appeared in the book Simple Heuristics That Make Us Smart collectively
written by the ABC research group. It mirrors the study of adaptive behavior and cognition within the constraints imposed by limited
time and resources—one of the main goals of our research unit. The book reports the progress we have made in enhancing our under-
standing of how the mind can operate within these limitations.
The individual chapters are all multi-authored, reflecting the interdisciplinary collaboration among the researchers. The book exempli-
fies the fruitful interaction among
• computer scientists, who simulate how effective a heuristic is in real-world environments;
• mathematicians, who prove which environmental structures simple heuristics can exploit

in order to be as accurate as complex "rational” strategies are;
• experimenters, who test whether a heuristic is actually used by people and when.
Most of the new results in this book would not have been obtained without the simultaneous input of and a healthy competition
between these different methodological approaches.

SIMPLE

HEURISTICS

THAT MAKE US

SMART

GERD GIGERENZER, PETER M. TODD,
AND THE ABC RESEARCH GROUP

Recognition heuristic:
If you recognize one object and not the
other, then infer that the recognized object
has the higher value on a criterion. This
heuristic is ecologically rational when
recognition correlates with the criterion.

Key Reference

Goldstein, D. G., &
Gigerenzer, G. (1999).
The recognition heuris-
tic. How ignorance
makes us smart. In G.
Gigerenzer, P. M. Todd, &
the ABC Research Group,
Simple heuristics that
make us smart (pp. 37–-
58). New York: Oxford
University Press.
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Can ignorance beat the stock
market? Will the recognition heuris-
tic also lead to good decisions in a do-
main where the stakes are high, as is
the case in the stock market? Borges,
Goldstein, Ortmann, and Gigerenzer
(1999) constructed investment port-
folios consisting of firms highly recog-
nized by American and German experts
and American and German laypeople.
Six of the eight portfolios beat profes-
sional funds as well as the Dax and the
Dow. The striking returns generated by

recognition-based portfolios substanti-
ate evidence that the recognition
heuristic can make accurate inferences
in real-world domains. In a portfolio
competition organized by Capital, a
popular German magazine, the portfolio
we selected based on recognition values
was ranked in the top 15% out of all
participating portfolios. It is noteworthy
that it substantially outperformed the
portfolio selected by the editor-in-chief
based on his professional expertise.

In 1999, a Dahlem Konferenz organized by Gerd
Gigerenzer and Reinhard Selten focused around
Bounded Rationality. A number of internationaly
well-known social scientists discussed issues such
as the adaptive toolbox , fast and frugal heuristics,
fiction of optimization, self-esteem, risk taking,
Prisoner's Dilemma, social learning, emotions, and
norms. The collected background papers and group
reports, written by all participants, document the
overall goal of the conference: (a) to provide a
framework of bounded rationality in terms of the
metaphor of the adaptive toolbox, (b) to provide an
understanding about why and when the simple
heuristics in the adaptive toolbox work, (c) to ex-
tend the notion of bounded rationality from cogni-
tive tools to emotions, and (d) to extend the notion
of bounded rationality to include social norms, imi-
tation, and other cultural tools.

The Dahlem Konferenzen promote interdiscipli-
nary exchange of scientific ideas and stimulate co-
operation in research among international scien-
tists. Dahlem Konferenzen proved themselves to be
an invaluable tool for communication in science.
Dahlem Konferenzen created a special type of forum
for communication, now internationally recognized
as the Dahlem Workshop Model. These workshops
are the framework in which coherent discussions
between the disciplines take place und are focused
around a topic of high priority interest to the disci-
plines concerned.

Key Reference

Borges, B., Goldstein, D.
G., Ortmann, A., &
Gigerenzer, G. (1999).
Can ignorance beat the
stock market? In G.
Gigerenzer, P. M. Todd,
& the ABC Research
Group, Simple heuristics
that make us smart (pp.
59–72). New York: Ox-
ford University Press.
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The stock market may be a complex
real-world environment in which lack
of recognition is not completely ran-
dom, but rather systematic and inform-
ative. In investments there could be
wisdom in ignorance.

One-reason decision making: Take
The Best If you have to make a
choice between two objects when both
are recognized, recognition heuristics
cannot be applied and you have to re-
trieve information about the objects
from your memory to make an infer-
ence. Take The Best, a simple lexico-
graphic heuristic for pair comparison
tasks, has simple structural features
and "bets” that the environment will fit
them. It is a non-compensatory strategy
that is surprisingly fit when information
is scarce and also when information is
itself non-compensatory (Gigerenzer &
Goldstein, 1996).

Imagine that we have a set of ob-
jects, all Chicago public high schools,
and we want to predict which of two
schools has the higher drop-out rate.
Each school can be characterized by a
number of binary (or dichotomized)
cues, each of which predicts the drop-
out rate to varying degrees, such as av-
erage SAT scores, teachers’ salaries, and
the percentage of non-white students.
In Take The Best, the objects are com-
pared on the most valid cue, the second
most valid cue, and so on until a cue on
which the objects differ is found. All
that Take The Best needs to know is the
rank order of cues by validity. Moreover,
its stopping rule for information search
is very simple: Take The Best cue (i.e.,
the most valid one that discriminates)
and ignore the rest.

Czerlinski, Gigerenzer, and Goldstein
(1999) have shown that Take The Best
is comparable in accuracy to the com-

Take The Best:
If you recognize
more than one ob-
ject, take the one
with the most valid
cue that discrimi-
nates, and ignore
the rest.

Performance Across 20 Data Sets (Czerlinski et al., 1999)

Accuracy (% correct)

Strategy Frugality Fitting Generalization

Minimalist 2.2 69 65
Take The Best 2.4 75 71
Dawes’s rule 7.7 73 69
Multiple Regression 7.7 77 68

Key Reference

Gigerenzer, G., & Gold-
stein, D. G. (1996). Rea-
soning the fast and fru-
gal way: Models of
bounded rationality.
Psychological Review,
103, 650–669.

Performance of the recognition heuristic for the recognition of domestic and foreign stocks. Results are for
the 6 months following the date of the recognition test, December 1996 to June 1997. For comparison, the
performance of unrecognized stocks (0% to 10% recognition rates), market indices (Dow 30 or Dax 30),
mutual funds (Fidelity Growth Fund or Hypobank Equity Fund), and chance portfolios (average returns of
5,000 randomly drawn portfolios) are shown (Borges et al., 1999, p. 65).



Center for Adaptive Behavior and Cognition

32

plex models of classical rationality. It
can outperform multiple regression, the
normative benchmark in the class of
linear models, and even compared to
good Bayesian models, Take The Best is
remarkably accurate (Martignon,
2001a).

As far as the empirical evidence for
people’s use of simple strategies is con-

cerned, Rieskamp and Hoffrage (1999)
showed that under time pressure hu-
mans use heuristics like Take The Best.
Independent research by Bröder (2000)
showed that in situations where search
for information is costly, some two-
thirds of participants’ judgments fol-
lowed Take The Best.

QuickEst The QuickEst heuristic is
a fast and frugal heuristic for numerical
estimation (Hertwig, Hoffrage, & Mar-
tignon, 1999). As does Take The Best, it
has a simple search and stopping rule
and it also has a simple rule for esti-
mating the criterion value based on the
retrieved information. To estimate the
criterion value of a particular object,
QuickEst looks through the cues or fea-
tures that are ordered according to the
average criterion value of the objects
with which they are not associated un-
til it comes to the first one that the ob-
ject does not possess. At this point, it

stops searching for any further infor-
mation. QuickEst then gives the mean
criterion value of all objects that do not
possess this particular feature as its fi-
nal estimate. No cue combination is
necessary, and no adjustment from fur-
ther cues is possible. QuickEst proves to
be fast and frugal, as well as accurate,
in environments characterized by a dis-
tribution of criterion values for which
small values are common and large val-
ues are rare (a so-called J-shaped dis-
tribution). Such distributions character-
ize a variety of naturally occurring phe-
nomena, including many formed by
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Key Reference

Martignon, L. (2001).
Comparing fast and fru-
gal heuristics and opti-
mal models. In G. Gige-
renzer & R. Selten (Eds.),
Bounded rationality: The
adaptive toolbox (pp.
147–171). Cambridge,
MA: MIT Press.

Mean absolute error (i.e., absolute deviation between predicted and actual size) as a function of
size of training set (Hertwig et al., 1999, p. 230).

Key Reference

Hertwig, R., Hoffrage,
U., & Martignon, L.
(1999). Quick estima-
tion: Letting the envi-
ronment do the work. In
G. Gigerenzer, P. M.
Todd, & the ABC Re-
search Group, Simple
heuristics that make us
smart (pp. 209–234).
New York: Oxford Uni-
versity Press.
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accretionary growth. This growth pat-
tern applies to cities, and indeed big
cities are much less common than small
ones, allowing QuickEst to rapidly esti-
mate the small size of most cities.
In particular, when knowledge is scarce
as it typically is the case in natural de-
cision-making settings—QuickEst out-
performs or at least matches the per-
formance of more expensive methods
such as Multiple Regression and a
(Bayesian) Estimation Tree.

Categorization by elimination The
tree building blocks of simple heuris-
tics—fast and frugal search rules, stop-
ping rules, and decision rules—were also
used to specify a fast and frugal heuris-
tic for Categorization. In a categoriza-
tion task, one has to choose the one
category from several possible ones that
a given object falls into, for instance, as
Dr. Seuss (the famous author of chil-
dren’s books) might ask: Is this particu-
lar fish we have caught a black fish,
blue fish, old fish, or new fish? The sim-
ple Categorization by Elimination
heuristic (Berretty, Todd, & Martignon,
1999) makes accurate category judg-
ments by using each successive cue to
whittle away the set of possible cate-
gories to which the object in question
could belong until only a single possible
category remains. Its performance
comes within a few percentage points
of the accuracy and frugality of tradi-
tional categorization algorithms includ-
ing exemplar and neural network mod-

els, and yet it uses only about a quarter
of the information that these other
models employ.

In situations in which categorization
must be performed quickly and search-
ing for cues takes time, this fast and
frugal approach has clear advantages.

Satisficing Satisficing is a method
for making a choice from a set of alter-
natives encountered sequentially when
one does not know much about the
possibilities ahead of time. Here, alter-
natives themselves (as opposed to cue
values) appear sequentially over an ex-
tended period or spatial region. In this
type of choice task, a fast and frugal
decision-maker needs not (only) limit
information search but (also) a stopping
rule for ending the search for alterna-
tives themselves. In such situations
there may be no optimal solution for
when to stop searching for further al-
ternatives. Satisficing takes the shortcut
of setting an adjustable aspiration level
and ending the search for alternatives
as soon as one is encountered that ex-
ceeds the aspiration level.
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Key Reference

Berretty, P. M., Todd, P.
M., & Martignon, L.
(1999). Categorization
by elimination. Using
few cues to choose. In
G. Gigerenzer, P. M.
Todd, & the ABC Re-
search Group, Simple
heuristics that make us
smart (pp. 235–254).
New York: Oxford Uni-
versity Press.
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Recently the work on fast and frugal
heuristics has been extended to model
a well-known phenomena of memory
research, the hindsight bias. Hindsight
bias can occur when people make a
judgment or choice and are later asked
to recall what their judgment had been.
If, in the interim, they are told what the
correct judgment would have been,
their memory of their own judgment
tends to become biased toward the new
information. To explain this phenomena
Hoffrage, Hertwig, and Gigerenzer
(2000) developed RAFT (Reconstruction
After Feedback with Take The Best).

The basic idea of the RAFT model is
that any feedback or correct informa-
tion a person receives after she has giv-
en her initial judgment automatically
updates the knowledge base underlying
the initial judgment. If a person cannot
remember this initial judgment, she will
reconstruct it from what she currently
knows about the situation, and what

she currently knows is the updated ver-
sion of what she used to know. So
while feedback does not directly affect
a person's memory of the original re-
sponse, it does indirectly affect memory
by updating the knowledge used to re-
construct the response. The RAFT model
assumes that the mechanism underlying
the original judgment, as well as the
mechanism of the reconstruction
process, is the same fast and frugal
heuristic: Take The Best.

Hoffrage, Hertwig, and Gigerenzer
(2000) tested the model in two studies
and found that knowledge of cue values
was in fact updated in a way making it
more consistent with the feedback,
whereas this knowledge remained un-
changed when no feedback was given.
Using this (updated) knowledge, the
RAFT model was able to make precise
predictions about when hindsight bias
occurs. Moreover, assisting participants
in recalling the cue values they had

“Did you predict that
the Berlin Wall would
come down and that

one day you could
stroll through the

Brandenburg Gate?
With the benefit of
hindsight you might

have. Drs. Ulrich Hoff-
rage, Ralph Hertwig
and Gerd Gigerenzer

argue that knowledge
updating explains hind-

sight bias.”

The photo and the cap-
tion have been taken

from the APA Monitor,
May 2000, in which

the article by Hoffrage,
Hertwig, and Gigeren-

zer (2000)—on the
photo from left to

right—has been fea-
tured in the Science

Watch column.

Key Reference

Hoffrage, U., Hertwig,
R., & Gigerenzer, G.
(2000). Hindsight bias: A
by-product of knowl-
edge updating? Journal
of Experimental Psychol-
ogy: Learning, Memory,
and Cognition, 26,
566–581.

Hindsight Bias—A Price Worth Paying for Fast and Frugal Memory
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used to make their original decision, fa-
cilitated reconstruction and, as a conse-
quence, reduced the hindsight bias.

Hindsight bias is not seen as a flaw
in human cognition, but as a result of a
cognitive mechanism that allows us to
unclutter our minds by tossing out inac-
curate information and embracing the
right answers. According to the RAFT
model, the hindsight bias is a by-prod-

uct of an adaptive mechanism, that
makes human memory more efficient. It
is a cheap price we have to pay for a
much larger gain: a well-functioning
memory that is able to forget what we
do not need—such as outdated knowl-
edge—and that constantly updates our
knowledge, thereby increasing the accu-
racy of our inferences.

Key Reference

Ketelaar, T., & Todd, P.
M. (in press). Framing
our thoughts: Evolution-
ary psychology’s answer
to the computational
mind’s dilemma. In P. S.
Davies & H. R. Holcomb
III (Eds.), The evolution
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Fast and Frugal Heuristics in Emotional and Cultural Contexts
Fast and frugal heuristics are not re-
stricted to cognition. Emotions such as
disgust or parental love can provide ef-
fective stopping rules for search and
the means for limiting search spaces.
Similarly, in social species, imitation
and social learning can be seen as
mechanisms that enable fast learning
and obviate the need for individual cal-
culations of expected utilities. Social
norms, too, can be seen as fast and fru-

gal behavioral mechanisms that dis-
pense with individual cost-benefit com-
putations and decision making. For in-
stance, culture (as a system of values
and beliefs) can help actual humans di-
minish the problem of combinatorial
explosion as well as the related problem
of how to make an infinite number of
possible decisions in real time, which
torment attempts at building intelligent
machines and robots.
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Ecological Rationality

In the research on bounded rationality we found that
the performance of several fast and frugal heuristics,
by and large, matches that of algorithms that involve
complex computations. Even if humans had the men-
tal computational power to use such complex algo-
rithms, they would not gain much—if anything at all. The astonishing-
ly high accuracy of these heuristics indicates their ecological ration-
ality; fast and frugal heuristics exploit the statistical structure of the
environment and they are adapted to this structure. In a new book
project the group recently started, a follow-up of Simple heuristics
that make us smart, we will focus on this link between bounded and
ecological rationality, that is, on the match between heuristics and
environments.

Perhaps the organism
could be seen as playing
the role of the husband

and the environment
that of the wife, or the
reverse may be argued

as well.
Egon Brunswik

We have pursued the issue of eco-
logical rationality in still another way,
namely, by studying the question of
representation. Representational for-
mats constitute environments for cog-
nition. This research has practical rele-
vance in many domains such as diag-
nostic inference or risk assessment in
legal cases, where the external repre-
sentation of diagnostic information in-
fluences physicians', counselors' and
lawyers' performances.

Information Needs Representation
Consider a situation in which a physi-
cian needs to infer the probability that
an asymptomatic woman has breast
cancer (C) after she received a positive
test result (T+) in a routine screening.
The relevant information (concerning a
population of women aged 40) can be
summarized as follows:

Whereas the Bayesian answer is
7.5%, typically most laypeople (and
doctors as well) estimate this probabili-
ty at about 80%. This result has been
interpreted as "base-rate neglect.”

To evaluate and understand the per-
formance of the human mind, one
needs to look at its environment and, in
particular, at the external representa-
tion of information. Probabilities and
percentages are representations of un-
certainty that were devised only a few
hundred years ago. For most of the time
during which the human mind has
evolved, information was encountered
in the form of natural frequencies, that
is, absolute frequencies as they result
from observing cases that have been
representatively sampled from a popu-
lation. The same information represent-
ed in terms of natural frequencies is:

The probability of breast cancer is 1%; the proba-
bility of a positive test given breast cancer is
80%; and the probability of a positive test given
no breast cancer is 10%.
Question: What is the probability that a woman
who tests positive actually has breast cancer?

Ten of every 1,000 women have breast cancer;
8 of those 10 women with breast cancer will test
positive, and 99 of the 990 women without
breast cancer will also test positive.
Question: How many of those who test positive
actually have breast cancer?

Human rational
behavior (…) is
shaped by a scissors
whose two blades are
the structure of task
environments and
the computational
capabilities of the
actor.
Herbert Simon
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Natural frequencies simplify
Bayesian computations and, as a conse-
quence, help people gain insight into
Bayesian reasoning. This was demon-
strated both with laypeople (Gigerenzer
& Hoffrage, 1995) and recently also in
different fields of professional decision-
making and educational contexts (Hof-
frage, Lindsey, Hertwig, & Gigerenzer,
2000).

Applications in medical diagnostics
Would presenting statistical information
in natural frequencies rather than prob-
abilities be effective with experts who
make diagnostic inferences in daily
practice? Hoffrage and Gigerenzer
(1998) studied 48 physicians with an
average of 14 years of professional ex-
perience. They were tested on four diag-
nostic tasks that the physicians perform
on a regular basis (e.g., the diagnosis of
colorectal cancer given a positive he-
moccult test). In two problems, the in-
formation was presented in probabili-
ties, and in two in natural frequencies.
Results showed that the effect of na-
tural frequencies on physicians was
about as strong as for laypeople. Aver-

aged across the four diagnostic tasks,
the proportion of Bayesian responses in-
creased from 10% to 46%. These results
can be generalized to cases where more
than one piece of information, say
mammography and ultrasound test in
the breast cancer inference task, are
provided. The facilitating effect of na-
tural frequencies persists (Krauss, Mar-
tignon, & Hoffrage, 1999).

Applications in AIDS counseling
Gigerenzer, Hoffrage, and Ebert (1998)
investigated how information is com-
municated, and how good Bayesian rea-
soning is in real counseling sessions
when the stakes are high, as in HIV
testing. One of the authors went to 20
public health centers in Germany to
take 20 HIV tests and use the mandato-
ry pretest counseling sessions to ask the
counselor questions about base rates,
sensitivity, specificity, and his chances
of having HIV were he to test positive.
None of the 20 counselors communicat-
ed the information in natural frequen-
cies; all used probabilities and percent-
ages, and almost all got confused and
were inconsistent. Fifteen of the 20

counselors estimated the chances
that the client has HIV should he
test positive as 99.9% or higher,
three as higher than 90%, and two
refused to answer this question.
Note that a more realistic esti-
mate of this probability is around
50%. Natural frequencies could
have helped these counselors be
both more consistent and more
accurate.

Applications in law Judges,
too, must make decisions based on
probabilities. Does the representa-
tion of numerical information in
natural frequencies foster
Bayesian reasoning in court? Pro-
fessionals and law students in
Germany evaluated two criminal-

Natural frequenciesProbabilities

= .01
= .80
= .10

p(C)
p(T+| C)
p(T+| ¬ C)

8918 992
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1000

990

p (Cancer  |  Test positive)
8

8 + 99=
p (Cancer  |  Test positive)

(.01) (.80)
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court case files involving rape and
forensic evidence of a DNA match. Ex-
pert testimony reported the statistical
information of DNA-profiles and the
rates of technical and human mishaps
leading to false-positive results. This in-
formation was presented in two differ-
ent formats; one stated it as probabili-
ties and the other as natural frequen-
cies. When these statistics were
expressed as probabilities, only 13% of
the professionals and under 1% of the
law students correctly inferred the
probability that the defendant was ac-
tually the source of the trace. But when
the identical statistics were stated as
natural frequencies, 68% and 44% of

these same participants made the cor-
rect inference. Perhaps more signifi-
cantly, the different ways of expressing
the same statistical information altered
the verdicts in each case. When the in-
formation was presented as probabili-
ties, 45% of the professionals and 55%
of the students rendered a verdict of
guilty, but only 32% and 33% did so
when the same statistics were ex-
pressed as natural frequencies (Hoff-
rage, Lindsey, Hertwig, & Gigerenzer,
2000). When verdicts hinge on statisti-
cal evidence, understanding that evi-
dence is crucial, and pursuing such sim-
ple methods of fostering statistical in-
sight could contribute to that goal.

Implicatons for teaching Bayesian
reasoning The beneficial effects of
natural frequencies on statistical rea-
soning in the studies reported above
occurred without training or instruc-
tion. More importantly, systematic
training in the use of natural frequen-
cies can even help people to reason
with probabilities. The key is to teach
representations rather than rules—that
is to teach people how to translate
probabilities into natural frequencies.
Traditionally, however, students are in-
stead taught how to plug probabilities
into mathematical formulae such as
Bayes’s rule. We evaluated both teach-
ing methods using a computerized tu-
torial (Sedlmeier & Gigerenzer, in press)
and in a traditional classroom setting
and found that teaching representa-
tions was more effective. Unlike in the
studies reported earlier, all test prob-
lems were stated in probabilities. When
tested five weeks after training, stu-
dents who were taught how to trans-
late probabilities into natural frequen-

cies could solve 90% of the new prob-
lems, whereas those who were taught
rules could only solve about 20%
(Sedlmeier & Gigerenzer, in press). Most
of them probably had just forgotten the
rules. Teaching representations rather
than rules—and expressing statistical
information in natural frequencies
where appropriate—can help to foster
the statistical reasoning needed to
make sound decisions.

Base-rate neglect is just an example
of so-called biases that can be demon-
strated under conditions different from
people’s daily environments. By chang-
ing the experimental situation so that it
better reflects essential features of this
environment, the reasoning becomes
not only more accurate but also more
consistent with statistical or probability
norms, such as Bayes’s rule. Thus, if
Brunswik’s Mr. Cognition is brought to-
gether (again) with his wife, Mrs.
Environment, they are able to produce
sound reasoning.
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Social Rationality

Some of the most ambitious decisions faced by social
species are those arising from an environment comprised
of the decisions of conspecifics. Social environments are
characterized by the speed with which they can change
and by the need to consider the decisions being made by
others. These two features make social rationality an im-
portant and distinct form of ecological rationality.

Social Cognition
Particular features of social environ-
ments can be exploited by fast and fru-
gal heuristics that make rapid decisions
rather than gathering and processing
information over a long period during
which a fleeter-minded competitor
could leap forward and gain an edge.
We assessed the obvious advantages of
these heuristics in reproduction and
survival tasks with simulation experi-
ments. This is a first step in examining
how the basic building blocks of social
cognition can be studied through a
combination of evolutionary principles,
ecologically representative stimuli, hu-
man experimentation, and computer
simulation.

Intention detection To ascertain
the intentions of other animals (includ-
ing humans) we happen to encounter,
fast heuristics can be advantageous. If
we can decide quickly and with few
cues whether an approaching person or
animal is interested in fighting or play-
ing, we will have more time to prepare
and react accordingly—and perhaps
save our lives. Some of the most obvi-
ous cues of intention that can be as-
sessed at a distance (as opposed to fa-
cial expression, e.g., which requires
closer scrutiny) are contained in an or-
ganism’s motion. Human subjects' mo-
tion trajectories were generated in the

course of their playing computer medi-
ated interaction games for pursuing,
evading, courting, being courted, fight-
ing, and playing. With this information
(or evidence), we succeeded in uncover-
ing a set of motion cues (including ve-
locity, heading, and curvature of path)
people can use along with the Catego-
rization by Elimination heuristic to infer
some major categories of adaptively
important intentions (Blythe, Todd, &
Miller, 1999). Categorization by Elimi-
nation uses only half of these cues and
still correctly predicts two-thirds of the
intentions, which is a better perform-
ance than human observers typically
achieve.

Parental investment More impor-
tant than survival is reproduction. How
can simple heuristics, particularly one-
reason decision making, be employed in
the domain of parental investment.
Specifically: How can a parent decide
which of several offspring it should give
resources to first? Parent birds, for in-
stance, returning to their nest with a
juicy bug, typically face a number of
gaping mouths among which they must
decide. The parent can use the weight,
hunger, age, or fixed position of each
chick in the nest when picking one to
feed. Decision-making approaches
based on traditional notions of ration-
ality would dictate that the parent
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assess and combine all of these cues to
come up with the choice that will lead
to the greatest growth of the nestlings.
But because each of these cues provides
a full ordering of all the chicks (e.g., one
is heaviest, one is next heaviest, and so
on), only one cue is necessary for an
unambiguous decision.

Davis, Todd, and Bullock (1999)
found that one-cue feeding rules are
not only possible, but also advanta-
geous—they perform significantly better
than rules that combine all the avail-
able information in an attempt to look
forward in time and predict the optimal
course of action.

Humans, too, have multiple offspring
to raise simultaneously. The equity
heuristic is a boundedly rational deci-
sion rule specifying that parents should
attempt to split resources equally
among their children. But, whereas an
equity motive produces a fair distribu-
tion at any given point in time, it yields
a cumulative distribution of investments
that is unequal (Hertwig, Davis, &
Sulloway). Which birth rank suffers
most from a resource handicap depends
on which growth period, and thus,
which kind of resource is considered
most important. If the total amount of
resource is crucial, then the equity
heuristic creates a middle-child re-
source handicap. If, however, the first
period is most important, this heuristic
creates a later-born resource handicap.
If one focuses on resources specific to
the last period, then an earlier-born re-
source handicap occurs. Across all
handicaps, middle-born children are
never best off.

Thus, as Hertwig, Davis, and Sul-
loway concluded, the equity heuristic
can provide an explanation of why the
birth-order literature reports notoriously
conflicting results and conclusions.

Mate choice A different strategy
of socially rational heuristics is called

for when alternatives themselves (as
opposed to cue values) take time to
find, appearing sequentially over an ex-
tended period or spatial region. In this
type of choice task, a fast and frugal
reasoner needs not (only) limit informa-
tion search, but (also) must have a
stopping rule for ending the search for
alternatives themselves. One instance of
this type of problem is the challenge
that faces individuals searching for a
mate from a stream of potential candi-
dates met at different points in time.
Todd and Miller (1999) began their
study of satisficing heuristics for mate
search by simulating their performance
in different mating environments, fo-
cusing on simple methods for setting
the aspiration level. The goal was to
find satisficing heuristics that would
limit both the time needed to determine
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a good aspiration level and the average
number of potential mates who had to
be considered before one exceeding the
aspiration level was found. They have
identified a class of simple learning
heuristics that do indeed determine
such adaptive aspiration levels, while
still coming close to the criterion-selec-
tion performance of more optimal (and
much slower) search rules.

Social Networks
How is the human mind influenced by
individuals' involvement in interactions
and relationships with peers? It is as-
sumed that processes of coordinating
diverging expectations and intentions
are shaped by structural and qualitative
differences in interactions and relation-
ships.

Friendships in primary schools In-
terviews with primary school children in
Berlin revealed that most children have
a network of several "best friends"
rather than just a unique best friend. In
their reciprocal perceptions, Brendgen,
Little, and Krappmann (2000) found sur-
prisingly little agreement among chil-
dren in the assessment of many aspects

of their friendships. Although children
establish their friendships relatively in-
dependently of parental control, some
features of their relationship networks
are shaped by qualities of their parents'
social relationships (Krappmann & Uh-
lendorff, 1999), by educational attitudes
of their parents (Uhlendorff, 2000) and
by the sociocultural context in which
the family is living (Little, Brendgen,
Wanner, & Krappmann, 1999).

Contradicting orientations in
children's interactions Classroom ob-
servations in the 1980s and 1990s dem-
onstrate that children are affected by
contradicting orientations when they try
to coordinate differing expectations and
intentions in their social interactions.
On the one hand, they claim to respect
each other as equals who must find ac-
ceptable solutions to conflicts. On the
other hand, they use power and prestige
in order to influence negotiation
processes to their advantage.

Emergence of inequality In this
project, funded by the German Research
Foundation (DFG), Krappmann, Gürtler,
and Schrenk in collaboration with Os-
wald (University of Potsdam) are testing
the hypothesis that conceptions of in-
equality and competencies for dealing
with inequality are acquired in interac-
tions in which children long for the op-
posite, namely for mutual respect of
each other's expectations and interac-
tions and for egalitarian contributions
to the process and the outcome of their
interactions.

Overall, peer relationships present
new challenges to children with regard
to the reciprocal nature of relationships
and the content of interactions. This is
the place where the life of the au-
tonomous as well as the socially re-
sponsible individual actually begins.
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Social Contracts
Another important feature of human's
social life and the constitution of its
culture are moral norms. How do chil-
dren, adolescents, and young adults
from different Western and Asian cul-
tures reason about morally relevant
conflict situations in familiy and close
friendship?

Intercultural differences in moral
reasoning In their longitudinal cross-
cultural studies Keller, Edelstein, Krette-
nauer, Fang, and Fang (2000) found in-
teresting interaction effects among in-
dividual development, ecology, and
culture. In moral reasoning about a par-
ent-child dilemma intra-society differ-
ences in adolescents were greater than
inter-society differences: Rural Icelandic
subjects achieved an equally high level
of sociomoral reasoning as Chinese ur-
ban subjects. Similarly, in moral decision
making, the Chinese and rural Icelandic
subjects were oriented towards parental
authority, while Icelandic urban subjects
were oriented towards autonomy and
peer-solidarity.

Moral rules and emotions Our
studies followed up on the so-called
"happy victimizer" phenomenon accord-
ing to which young children attribute
positive feelings to a person violating a
moral rule while older children attribute
negative (guilt) feelings to such a per-
son. Previous studies had produced in-
consistent findings concerning this at-
tributional shift. Our studies supported
the happy victimizer phenomenon in
young Chinese children. Older children,
however, revealed a self-other differen-
tiation in emotion attribution. They at-
tributed positive feelings to a hypothet-
ical rule violator and guilt feelings to
themselves as violator. This effect was
replicated with German and Portuguese
children. The self-other differentiation
may be an explanation for inconsistent
previous research findings.

Contracts, perspectives, and emo-
tions Two studies interconnect evolu-
tionary cognitive psychology of deontic
reasoning with theory of mind and
moral development research. Keller,
Lindsey, and Wang (2000), assessed

Contract between friends
irrelevant

contract violations

If you help me in the garden, you may use my bike: Which pictures show a contract

violation? (Keller et al., 2000)

p/¬q

p/q ¬p/¬ q

¬p/q

How do young
children under-
stand contract
violation when

relevant informa-
tion is presented

in pictures?
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children's understanding of a bilateral
contract between a mother and her
child and between two friends (see fig-
ure p. 43). All children attributed nega-
tive feelings to the victim of the con-
tract violation. However, emotions at-
tributed to a violator depend on age
and perspective. In the peer relation-
ship, older children attributed guilt feel-
ings from both perspectives of violators.
In the parent-child relationship, guilt
feelings were attributed only to the

mother as violator. The child as violator
felt good about receiving a benefit
without having paid the cost. As far as
cheating detection from different per-
spectives goes, the results revealed
clear-cut developmental trends.

Social-moral reasoning about choic-
es and consequences of contracts and
its violation is influenced by individual
development, ecological conditions, and
cultural processes like modernization.

The ABC Research Group 2001

Left to right: (front row) H. Clark Barrett, Stephanie Kurzenhäuser, Laura Martignon, Monika Keller, Masanori Takezawa, Stefan Krauss;
(middle row) Philipp Otto, Peter M. Todd, Szymon Wichary, Christian Gröschner, Barnaby Marsh, Ralph Hertwig, Gerd Gigerenzer, Thomas
Dudey, Marianne Müller-Brettel, Jörg Rieskamp, Laurence Fiddick, Andreas Wilke; (back row) Oliver Vitouch, Ulrich Hoffrage, Carola
Fanselow, Silke Atmaca; not pictured: Lothar Krappmann.
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Evolutionary psychology is the search
for the evolved “mental adaptations”
that fill our behavioral repertoire. These
psychological mechanisms were shaped
over millennia of natural and sexual se-
lection to solve the survival and repro-
duction problems that faced our
hunter-gatherer hominid ancestors in
Pleistocene Africa, and they continue to
guide our decisions and preferences to-
day. This does not mean that everything
an individual does has been selected
for, or even that those traits that have
been selected for will necessarily confer
some advantage on an individual ex-
pressing it in a modern environment.
What it does mean is that the behaviors
expressed by modern individuals are ex-
pected to be a result of the interaction
between their evolved psychology and
the environment in which they live.

Through the influence of cognitive
science, mental adaptations are typical-
ly viewed as software modules designed

by evolution, specialized to process nat-
urally occurring information about bio-
logically important situations in ways
that guide adaptive behavior. Thus, evo-
lutionary psychologists tend to analyze
adaptive problems such as mate choice,
foraging, habitat selection, and the like
in terms of the structure of the envi-
ronment outside the decision maker,
and the types of perception, computa-
tion, inference, strategies, and signals
that the decision maker uses. Again, be-
cause of cognitive science (and particu-
larly the influence of computer models),
analyzing the environment often gets
short shrift, while the computations as-
sumed to be going on inside a person’s
head are typically intricate and in-
volved.

But individuals in challenging situa-
tions must often make up their minds—
make inferences, choices, and deci-
sions—rapidly and efficiently, using only
the information currently available and

Evolutionary Psychology

Evolutionary psychology lies at the heart of many of the re-
search projects undertaken by the ABC research group, pro-
viding a motivation for bounded rationality, supporting the
significance of the environment in ecological rationality,
and emphasizing the importance of the social interactions
that lead to evolutionary change in social rationality. At the
same time, evolutionary psychology is grounded in ecologi-
cal rationality (Todd, Fiddick, & Krauss, 2000): It assumes
that our minds were designed by natural selection to solve
practical problems in an efficient and effective manner.
However, evolutionary psychology focuses specifically on
ancestral environments and practical problems with fitness
consequences, while ecological rationality additionally en-
compasses decision making in present environments without
privileging problems with fitness consequences.
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not spending much time deliberating. If
they do not, they may lose their dinner
to a competitor, their mate to a rival, or
their life to a predator. Decision making
had better be quick and easy in such
situations (Todd, 2001), and evolution
has acted to ensure that this is the
case: Those organisms that had a rather
difficult time of making up their minds
would have been left behind, genetically
speaking, by their more fleet-witted
conspecifics.

Simple fast and frugal heuristics can
help individuals make decisions quickly
both by limiting the amount of infor-
mation they use to select a course of
action or choose an available option
(Todd, 2000), and by focusing attention
on just that information that will be
most useful in making the choice. Thus,
these simple evolved inference mecha-
nisms can help organisms overcome one
form of the classic frame problem
plaguing any information-processing
decision maker: How to avoid having to
consider the infinite number of possible
real-world options and their unlimited
future consequences when choosing a
course of action. Ketelaar and Todd (in
press) demonstrate how simple satis-
ficing mechanisms that stop search us-
ing an aspiration level can limit the

number of choices considered, and how
emotions can focus information gather-
ing on just those cues that will be most
useful to the decision maker.

One of the most evolutionarily im-
portant decisions facing sexually repro-
ducing animals, including humans, is
mate choice. By definition, sexual repro-
duction entails combining one’s own
genes with another individual’s genes to
produce offspring. Through mate choice,
individuals can influence the quality of
the genes passed on to their offspring
from their sexual partner, and the quali-
ty of the parental care those offspring
will receive. Miller and Todd (1998) de-
scribe how evolutionary psychology has
revolutionized research on human mate
choice and sexual attraction in recent
years, combining a rigorous Darwinian
framework based on sexual selection
theory with a loosely cognitivist orien-
tation to task analysis and mechanism
modeling. This approach has revealed
the adaptive logic behind physical
beauty, demonstrating that many sexual
cues computed from face and body
shape are not arbitrary but functioned
in the past as reliable indicators of re-
productive success.

A striking example of cues sent ac-
tively from one individual to another

are the melodies of songbirds. Some
male songbirds attract female mates
through the variety and length of songs
that they produce. The same may be
true in humans: Cultural displays, in-
cluding musical ability, may serve to at-
tract members of the opposite sex. Todd
(1999) describes ways that such signals
for mate attraction can evolve, while
Bullock (1998) and Noble (in press)
studies the evolution of signalling and
communication more generally, and all
three explore how computer simula-
tions can be used to study the evolu-
tionary processes involved (see also

Bullock & Noble, 2000).
In all of these domains, we have

sought evidence for heuristics that can
be used to make rapid choices in chal-
lenging situations. But jumping to a de-
cision quickly does not do an individual
much good if it is the wrong choice.
Simplicity is well and good, but won’t
taking more information into account
and doing more sophisticated analysis
of it yield better decisions? If so, won’t
evolution balance the need for speed
against the requirements of accuracy
(i.e., the importance of ensuring adap-
tive choices such as consuming edible
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fruits rather than poisonous ones) and
end up building brains of some interme-
diate reasoning complexity? We have
found intriguing hints that this trade-
off often does not exist. Some com-
plexity and structure in decision-making
mechanisms can certainly be beneficial,
in terms of increasing the inferential
accuracy of those mechanisms. How-
ever, that structure need not lie entirely
within the decision maker. Instead, evo-
lution can rely on the structure inherent
in the decision environment itself and
build organisms whose very psychologi-
cal simplicity takes advantage of that
structure. Just what structure is present

in the environment will have profound
effects on the kind (and accuracy) of
decision making an individual can per-
form in that environment (see Barrett &
Fiddick, 2000, and Fiddick, Cosmides, &
Tooby, 2000, for examples of the range
of issues involved in considering envi-
ronment structure). Hence, one of the
most important aspects of the perspec-
tive of evolutionary psychology is that it
serves to remind us of the psychological
impact of the environment in which we
live and act.

Methods, Metaphors, and Theory Construction

In spite of the fact that most scientists search for
universal truths, scientific "truths” are contingent in
important ways on the statistical and experimental
tools used to discover and test them. From different
starting points and based on different case studies,
we converge on the same general issue in this project
area, namely, the detection and understanding of the
limitations and powers of scientists’ tools.

Experimentation in psychology and
economics The core method in psy-
chological research is experimentation.
Ortmann and Hertwig (1998) observed,
that the experimental practices in psy-
chology and experimental economics
differ. In particular, a frequently used
methodological tool in psychological
experiments, the deception of partici-
pants, is generally taboo in experimen-
tal economics. Further investigations
revealed that, in contrast to psycholo-
gists, economists bring a precisely de-

fined "script” to experiments and ask
participants to enact it using repeated
experimental trials, allow participants
to learn in the task environment, and
generally pay participants on the basis
of clearly defined performance criteria
(Hertwig & Ortmann, in press). Do these
methodological differences matter?
Based on a review of empirical evi-
dence, Hertwig and Ortmann argue that
the practices in experimental psycholo-
gy of not providing a precisely defined
script for participants to enact, not re-

… if the history of
human achievement
in knowledge proves
anything, it is that

the all-decisive dis-
covery is that of an

effective and fruitful
method.

John Dewey
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peating experimental trials, and paying
participants either a flat fee or nothing
leaves the social situation "experiment”
open to a variety of interpretations. The
fact that psychologists are (in)famous
for deceiving participants is likely only
to magnify participants’ uncertainty and
second-guessing. The typical experimen-
tal practices in psychology increase
rather than decrease the background of
variation against which effects are ap-
praised and thus reduce the replicability
of results.

Hertwig and Ortmann conclude that
by improving research designs (e.g., rep-
etition of trials, performance-based
payment), psychologists can increase
their control of these sources of varia-
tion, thus increasing effect sizes and
the power of statistical tests.

Adversarial collaboration A fa-
mous example that has often been used
to illustrate human irrationality is the
conjunction fallacy, that is, violations of
the conjunction rule (if A includes B
then the probability of B cannot exceed
the probability of A). To debate contro-
versial interpretations of the conjunc-
tion fallacy, a new approach called ad-
versarial collaboration was adopted. It
requires both parties to agree on a pro-
cedure for resolving a dispute and, with
the help of an arbiter, conduct empirical
tests.

Mellers, Hertwig, and Kahneman (in
press) began their collaboration with
Hertwig's claims that frequencies elimi-
nate conjunction effects and that Kah-
neman and Tversky’s (1996) results with
frequencies were an artifact of some
participants interpreting ’and‘ as a
union operator. Hertwig proposed two
conjunction phrases that were less am-
biguous, and Kahneman predicted that
conjunction effects would occur with
one of them. Mellers served as arbiter.
Frequencies by themselves did not elim-
inate conjunction effects, but, with filler
items present, a comparative context is
created in which the understanding of
the item set and the choice of filler
items are likely to determine whether
conjunction effects occur. Although
theoretical disagreements remain, the
joint experiments have yielded theoreti-
cal progress and advanced the under-
standing of conjunction effects that
would not have been achieved by work-
ing separately.

Tools-to-theories Where do new
ideas come from? In his earlier work
Gigerenzer (1991) spoke of scientific
discovery in terms of heuristics of dis-
covery and proposed that scientists of-
ten employ a tools-to-theories heuristic.
This thesis predicted that new scientific
tools, once entrenched in a scientist’s
daily practice, suggest new theoretical

Linda Problem
Linda is 31 years old, single, outspoken, and very bright. She majored in
philosophy. As a student, she was deeply concerned with issues of dis-
crimination and social justice and also participated in antinuclear dem-
onstrations.
Rank the following statements by their probability:
Linda is a bank teller. (T)
Linda is active in the feminist movement. (F)
Linda is a bank teller and is active in the feminist movement. (T&F)
The typical result is that 80% to 90% of participants judged T&F to be
more probable than T, a judgment inconsistent with the conjunction
rule.
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metaphors and concepts. It also pre-
dicted that once proposed by an indi-
vidual scientist (or a group), the new
theoretical metaphors and concepts are
more likely to be accepted by the scien-
tific community if the members of the
community are also users of the new
tools.

The employment of the tools-to-
theories heuristic was applied to Re-
gression Analysis, a statistical tool that
is widely used in psychological research.
Kurz and Martignon (in press) argue
that owing to the institutionalization of
regression analysis in the mid-twentieth
century within and beyond psychology,
the outcome of the computational pro-
cedure, that is, the regression equation,
has been emphasized at the expense of
the "performative components” of linear
modeling, that is, weighting and sum-
ming. Analysis in light of the tools-to-
theories heuristic can also be used to
detect new lines of development in cur-
rent cognitive theories. Thus, recent
challenges to the two performance
components of linear modeling, weight-
ing and summing, have led to new
models of human judgment. According
to their analysis, Robyn Dawes chal-
lenged the weighting component of re-
gression analysis by demonstrating that
unit weighting (rather than calculating
weights that minimize the error in the
"least-squares” sense) yielded models
that correlate highly with linear regres-
sion models. This finding can be used to
model judgment and decision making in
terms of a strategy like Dawes’s rule,
that simply adds up the number of posi-
tive cues and the number of negative
cues and then subtracts the latter from
the former. This strategy is fast (i.e.,
does not involve much computation)
but not frugal (i.e., looks up all informa-
tion).

Null-hypothesis testing In a dis-
cussion of the limitations of (some) sta-

tistical tools, Gigerenzer (1998) predict-
ed that future historians of psychology
will be puzzled by an odd ritual: null-
hypothesis testing. Although this ritual
is camouflaged as the sine qua non of
scientific method, Gigerenzer argued
that it undermines theoretical progress
in psychology by giving researchers no
incentive to specify their hypotheses
and by replacing statistical thinking
with the application of a mindless sta-
tistical procedure.

Statistical rituals have been a char-
acteristic of scientific methodology not
only in psychology, but also in biology,
and especially in the field of neuro-
biology. Synchronization of neural acti-
vation, postulated as the neural realiza-
tion of feature binding in the brain,
cannot be established by rejecting the
null hypothesis of independence be-
tween neurons. Rejecting the null hy-
pothesis of "chance” can lead to serious
mistakes. The work of Martignon, Deco,
Laskey, Diamond, Freiwald, and Vaadia
(2000) proved how serious these mis-
takes can be and proposed efficient sta-
tistical methods for a parameterization
of synchronization in terms of log-linear
models.

Understanding and choosing among
scientific tools requires thoughtful anal-
ysis, not methodological rituals.

16th Meeting of the Brunswik Society
20—22 July 2000

Max Planck Institute for Human Development,
Berlin, Germany

Ulrich Hoffrage, Ralph Hertwig, Gerd Gigerenzer

The Brunswik Society is an informal association of researchers concerned
with understanding and improving human judgment and decision making.
The Millenium Meeting of this Society was the first meeting held outside
the U.S. In the pleasant setting at our institute, the 50 participants heard
and discussed 20 research papers, including keynote addresses by Mitchell
Ash, Gerd Gigerenzer, and Klaus Fiedler.
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Schloeßmann Seminar

The study of scientific practice impli-
cates accounts of the larger histori-
cal and societal context. The same
holds for the study of expertise. “The
expert in modern societies: Historical
and contemporary perspectives” was
the topic of the Schloeßmann Semi-
nar held in Berlin in November 1998.
Papers presented by the invited
young scientists (up to 40 years old)
concerned the institutionalization
and legitimation of experts, exter
advisers in political contexts, and ex-
perts and science in the courtroom,
as well as cognitive aspects of ex-
pertise. Kurz and Gigerenzer are cur-
rently working on the edition of a
selected set of these papers.

The Schloeßmann Seminar was a collaboration among 8 Max Planck Institutes.
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