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Bounded rationality
Models of bounded rationality at-
tempt to answer the question of
how people with limited time,
knowledge, money, and other scarce
resources make decisions. This pro-
gram is an alternative to the domi-
nant optimization paradigm in
cognitive science, economics, and
behavioral biology that poses the
question of how Laplacean superin-
telligences and other ominicient
beings would behave. We study the
proximal mechanisms of bounded
rationality, that is, the adaptive
heuristics that enable quick and fru-
gal decisions under uncertainty. This
collection of heuristics and their
building blocks is what we call the
adaptive toolbox.

Ecological rationality
Models of ecological rationality de-
scribe the structure and representa-
tion of information in actual envi-
ronments and their match with
mental strategies, such as boundedly
rational heuristics. To the degree

that such a match exists, heuristics
need not trade accuracy for speed
and frugality. The simultaneous
focus on the mind and its environ-
ment, past and present, puts re-
search on decision making under
uncertainty into an evolutionary and
ecological framework, a framework
that is missing in most theories of
reasoning, both descriptive and nor-
mative. In short, we study the adap-
tation of mental and social strate-
gies to real-world environments
rather than compare strategies to
the laws of logic and probability
theory.

Social rationality
Social rationality is a variant of eco-
logical rationality, one for which the
environment is social rather than
physical or technical. Models of so-
cial rationality describe the struc-
ture of social environments and
their match with boundedly rational
strategies people use. There is a va-
riety of goals and heuristics unique
to social environments. That is, in
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Introductory Overview

The Center for Adaptive Behavior and Cognition (ABC) investigates reason-
ing and decision making under uncertainty at the levels of both individuals
and social groups. The research group consists of psychologists, mathe-
maticians, computer scientists, evolutionary biologists, economists, and re-
searchers from other fields. With different methodological abilities—such as
experimental methods, computer simulation, and mathematical analysis—
they cooperate in solving the same problems.
The ABC program combines a strong theoretical focus with practical appli-
cations, that is, the research group both develops specific models and
explores their applications. Those applications range from using heuristics
for stock market investment to teaching statistical thinking and improving
statistical reasoning—for instance, of expert witnesses in law courts—by
particular representations of numerical information about risks.
The theoretical focus is on rationality and can be, albeit artificially, divided
into three aspects: bounded, ecological, and social rationality.

Truth is ever to be
found in simplicity,
and not in the
multiplicity and
confusion of
things.
Isaac Newton

In this world noth-
ing is certain but
death and taxes.
Benjamin Franklin
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addition to the goals that define
ecological rationality—to make fast,
frugal, and fairly accurate deci-
sions—social rationality is concerned
with goals, such as choosing an op-
tion that one can defend with argu-
ment or moral justification, or that

can create a consensus. To a much
higher degree than for the purely
cognitive focus of most research on
bounded rationality, socially adap-
tive heuristics include emotions and
social norms that can act as heuris-
tic principles for decision making.

Key Reference

Gigerenzer, G. (2000).
Adaptive thinking: Ration-
ality in the real world. New
York: Oxford University
Press (344 p.).
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These three notions of rationality (according to which the present text is
largely structured) converge on the same central issue: to understand
human behavior and cognition as adaptations to specific environments,
ecological and social, and to discover the heuristics that guide adaptive
behavior. In a fourth section we report on work that directly relates to
evolutionary psychology, which, as a meta-theoretical framework, lies
behind the “adaptive“ in our center’s name. The research reported in the
last section relates to methodological, historical, and theoretical ques-
tions, in particular the influence of methodological preferences—such as
linear models—on theories of cognition. Our reflections on methodologies
constitute a source of ideas that is of central importance to modeling
visions of rationality.
The ABC program is an invitation to take a journey into an exciting terri-
tory. The journey ventures into a land of rationality that is different to 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 enlightenment 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. People in this world have
only limited time, knowledge, and computational capacities with which
to make inferences about what happens in their world. The notions of
bounded, ecological, and social rationality are our guides to understand-
ing how humble humans survive without following the heavenly rules of
rational choice theory.



The Adaptive Toolbox
This repertoire of specialized cogni-
tive mechanisms, which include fast
and frugal heuristics, were shaped
by evolution for specific domains of
inference and reasoning. We call
this collection of mechanisms built
into the human mind
the “adaptive tool-
box.” 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, coherent, 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 impor-
tance of conflicting motivations
and goals.

Fast and Frugal Heuristics
Fast and frugal heuristics generally
consist of three building blocks: sim-
ple rules for guiding search (in mem-
ory or external search), for stopping
search, and for decision making.
They are effective when they can
exploit the structures of information
in the environment. That is, their
rationality is a form of “ecological
rationality,” rather than one of con-
sistency and coherence (Hertwig &
Hoffrage, 2001b). During the last
two years we have continued to
study fast and frugal heuristics, in-
troduced in the last annual report,
for pair comparisons (e.g., Take The
Best or the recognition heuristic;
Goldstein & Gigerenzer, 2002) and
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Bounded Rationality

Humans and animals do make inferences about unknown features of their
world under constraints of limited time, knowledge, and computational
capacities. Many models of rational decision making in cognitive science,
economics, biology, and other fields, in contrast, tend to ignore these con-
straints. We, however, do not conceive bounded rationality as optimization
under constraints, 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 people make decisions without utilities and prob-
abilities. Bounded rationality consists of simple step-by-step rules that
function well under the constraints of limited search, knowledge, and time—
whether an optimal procedure is available or not. 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 single-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, who can provide serviceable solutions to almost any problem
with just what is at hand.

Key References

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

Gigerenzer, G., Todd, P.
M., & the ABC Research
Group (1999). Simple
heuristics that make us
smart. New York: Oxford
University Press (416 p.).

Gigerenzer, G. & Selten, R.
(Eds.). (2001a). Bounded
rationality: The adaptive
toolbox. Cambridge, MA:
MIT Press (377 p.).

Hertwig, R., & Hoffrage,
U. (2001b). Empirische
Evidenz für einfache
Heuristiken. Eine Antwort
auf Bröder. Psychologische
Rundschau, 52, 162–165.

Goldstein, D. G. &
Gigerenzer, G. (2002).
(2002). Models of ecologi-
cal rationality: The recog-
nition heuristic. Psycho-
logical Review, 109, 75–90.

SIMPLE

HEURISTICS

THAT MAKE US

SMART

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

Bounded rationali-
ty is what cogni-
tive psychology is
all about. And the
study of bounded
rationality is not
the study of opti-
mization in relation
to task environ-
ments.
Herbert Simon
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for numerical estimation (e.g., Quick-
Est). In the following we will selec-
tively report on some other heuris-
tics and new areas of applications.

Take The First
Experimental decision-making re-
search often uses tasks in which
participants are presented with
alternatives from which they must
choose. Although tasks of this type
may be useful in determining meas-
ures (e.g., preference) related to
explicitly stated alternatives, they
neglect an important aspect of
many real-world decision-making
environments, namely, the option-
generation process. Johnson and
Raab (in press) extend previous liter-
ature that fills this void by present-
ing a model that attempts to de-
scribe the link between the use of
different strategies and the subse-
quent option-generation process, as
well as the resulting choice charac-
teristics. Specifically, they examine
the relationship between strategy
use, number and order of generated

options, and choice quality. They
propose Take The First as a heuristic
that operates in ill-defined tasks,
and conducted an experiment (in-
volving a realistic sports situation
presented to athletes) to test the
predictions of the model. Initial
results support the model’s key pre-
dictions: Strategies producing fewer
generated options result in better
and more consistent decisions.

Fast and Frugal Heuristics in
Legal Decision Making
Many legal decisions, such as the
decision to bail upon adjourning a
case, have major consequences for
both defendants and society. In the
English legal system, magistrates,
most of whom are lay people, are
afforded considerable discretion and
must work under constraints such
as time pressure. Dhami and Ayton
(2001) conducted a judgment analy-
sis of the bail decision-making
policies of 81 magistrates from 44
courts throughout England and
Wales and found intra- and inter-

In 1999, a Dahlem Konferenz organized by
Gerd Gigerenzer and Reinhard Selten focused
around Bounded Rationality. A number of in-
ternationaly well-known social scientists dis-
cussed issues such as the adaptive toolbox ,
fast and frugal heuristics, fiction of optimiza-
tion, self-esteem, risk taking, Prisoner's Dilem-
ma, social learning, emotions, and norms. The
collected background papers and group reports,
written by all participants, document the over-
all 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 extend the notion of bounded ra-
tionality from cognitive tools to emotions, and
(d) to extend the notion of bounded rationality
to include social norms, imitation, and other
cultural tools.



magistrate inconsistency in bail de-
cisions, discrepancies between stat-
ed and elicited cue use, and high
levels of post-decisional confidence.
Furthermore, magistrates’ policies
were better described and predicted
by a fast and frugal model charac-
terized by noncompensatory cue use
than by either of two compensatory
integration models. In such compen-
satory models, the most important
cue could in principle be compen-
sated for by other cues such that
the decision suggested by that cue
could be changed after considering
other and less important cues.

Fast and Frugal Heuristics in
Medical Decision Making
Following Brunswik, social judgment
theorists have long relied on regres-
sion models to describe both an in-
dividual’s judgments and the envi-
ronment on which such judgments
are made. However, the social judg-
ment theory is not synonymous with
these compensatory, static, structur-
al models. Dhami and Harries (2001)
compared the characterizations of
physicians’ judgments using a re-
gression model with that of a fast
and frugal, noncompensatory process
model. They found that both models
fit the data equally well. Both mod-
els suggest that physicians use few
cues, that they disagree amongst
themselves, and that their stated cue
use is discrepant with the models’
stated cue use. However, the fast
and frugal model is easier to convey
to physicians and is also more psy-
chologically plausible. Therefore,
such models of bounded rationality
offer an attractive alternative for so-
cial judgment theorists to conceptu-
alize the process of vicarious func-

tioning (i.e., adaptively taking differ-
ent pieces of evidence into account).
Modeling the Hindsight Bias With
Fast and Frugal Heuristics
Some years ago, the work on fast
and frugal heuristics was extended
to model a well-known phenomenon
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 cor-
rect judgment would have been,
their memory of their own judgment
tends to become biased toward the
new information. To explain this
phenomenon, Hoffrage, Hertwig, and
Gigerenzer (2000) developed the
RAFT model (Reconstruction After
Feedback with Take The Best). The
core assumption of the model is
that new information updates the
knowledge base, which, in turn, will
be used to reconstruct the initial
response.
Recently, Hertwig, Fanselow, and
Hoffrage (in press) put this model to
a further test. Although typically
considered to be a robust phenome-
non, the hindsight bias is subject to
moderating circumstances. A well-
known meta-analysis of the phe-
nomenon has revealed that the
more experience people have with
the task under consideration, the
smaller the resulting hindsight bias
is. This observation is one bench-
mark against which the explanatory
power of the process models of
hindsight bias can be measured. Can
the RAFT model account for this
“expertise effect?” Yes. Specifically,
using computer simulations of the
RAFT model, Hertwig, Fanselow, and
Hoffrage observed that the more
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Key References

Dhami, M. K., & Harries,
C. (2001). Fast and frugal
versus regression models
of human judgement.
Thinking & Reasoning, 7,
5–27.

Hertwig, R., Fanselow, C.,
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Hindsight bias: How
knowledge and heuristics
affect our reconstruction
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comprehensive people’s knowledge
is in foresight, the smaller their
hindsight bias is. In addition, they
made two counterintuitive observa-
tions: First, the relation between
foresight knowledge and hindsight
bias appears to be independent of
how knowledge is processed. Sec-
ond, even if foresight knowledge is
false, it can reduce hindsight bias.
This work will be included in a
special issue on the hindsight bias,
to appear in Memory, with Ulrich
Hoffrage and Rüdiger Pohl as guest
editors.

Fast and Frugal Heuristics in
Emotional and Cultural Contexts
Fast and frugal heuristics alone do
not fully characterize the function-
ing of our cognitive architecture.
Emotions, such as fear or parental
love, provide a powerful and effec-
tive stopping rule by restricting
the range of options contemplated
and evaluated and by focusing the
agent’s attention on specific para-
meters or aspects of the information
(Hanoch, 2002). Similarly, in social
species, imitation and social learning
serve as mechanisms that enable
fast learning and obviate the need
for individual calculations of expect-
ed utilities. Social norms can also be
seen as fast and frugal algorithms
that dispense with individual cost-
benefit computations and decision
making. For instance, culture (as a
system of values and beliefs) con-
strains the number of options we
consider when facing real-world
decisions.

Satisficing
The adaptive pressures facing hu-
mans and other animals to make

decisions quickly can be met both by
increasing the internal information-
processing speed and by minimizing
the amount of information to be
used. Dudey and Todd (2001) fo-
cused on the latter effect and asked
how agents can make good deci-
sions with a minimum of informa-
tion using two specific tasks as
examples. When a choice must be
made between simultaneously avail-
able options, a minimum of infor-
mation in the form of binary recog-
nition (whether or not each item is
recognized) can be used by the
recognition heuristic to choose ef-
fectively. When options are encoun-
tered sequentially one at a time, a
minimum of information (whether
or not each option is the best
encountered so far) is sufficient to
guide agents using a simple search-
cutoff rule to high performance
along several choice criteria. This
simple cutoff rule is even robust to
changes in the environment. Both
examples have important economic
as well as biological applications,
and show the power of simple fast
and frugal heuristics to produce
good decisions with little informa-
tion.

The Benefits of Cognitive Limits
The premise that human informa-
tion-processing capacity is limited is
usually accompanied by another as-
sumption, namely, that these limita-
tions pose a liability: They constrain
our cognitive potential. These limi-
tations bar us from performing feats
such as reciting an epic poem from
memory. Even more sinister, though,
is that these cognitive limits are
also suspected of being the culprit
behind lapses of reasoning. The link

Key Reference

Dudey, T., & Todd, P. M.
(2001). Making good deci-
sions with minimal infor-
mation: Simultaneous and
sequential choice. Journal
of Bioeconomics, 3,
195–215.



between cognitive limitations and
reasoning errors, more generally, and
human irrationality can be found in
such disparate research programs as
Piaget’s theory of the cognitive
development of children, Johnson-
Laird’s mental model theory, and
Kahneman and Tversky’s heuristics-
and-biases program. By bringing to-
gether ideas on cognitive limits from
a variety of fields, Hertwig and Todd
(in press) challenge the seemingly
obligatory link between cognitive
limitations and human irrationality.
While not doubting that limits can
exact a price, they question their
exclusively negative status. Firstly,
the thesis is put forth that decision-
making strategies that take limita-
tions into account need not be less
accurate than strategies with little

regard for those limitations; in fact,
in psychologically important con-
texts, simple strategies can actually
outperform “unbounded” strategies.
Secondly, it is argued that limita-
tions in processing capacity can ac-
tually enable rather than disable im-
portant adaptive functions. Thirdly,
it is suggested that some of the
reasoning errors produced by the
mind’s cognitive limits fulfill impor-
tant adaptive functions. Finally, the
assumption is challenged that sim-
ple decision-making strategies have
evolved in response to the cognitive
limitations of the human mind. The
reverse causality is suggested and
the thesis is submitted that capacity
constraints may, in fact, be a by-
product of the evolution of simple
strategies.
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Perhaps the organ-
ism 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

Human rational
behavior (…) is
shaped by a scis-
sors whose two
blades are the
structure of task
environments and
the computational
capabilities of the
actor.
Herbert Simon

Information Representation
Consider a situation in which a phy-
sician needs to infer the probability
that an asymptomatic man has col-
orectal cancer (C) after he received a
positive hemoccult test result (pos)
in a routine screening. In terms of
probabilities, the relevant informa-
tion (concerning a population of men
aged 50) is a base rate for colorectal
cancer p(C) = 0.3%, a sensitivity
p(pos|C) = 50%, and a false positive
rate p(pos|¬C) = 3% (see Fig. 1).
Whereas the Bayesian answer is
4.7%, typically most lay people (and
also doctors) estimate this probabili-
ty at approximately 50% or higher.
This result has been interpreted as
the “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
representation of the information.
Probabilities and percentages are
representations of uncertainty that
were devised only a few hundred
years ago. For most of the time dur-
ing which the human mind 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 population. The same information
represented in terms of natural
frequencies is: “Thirty out of every
10,000 people have colorectal
cancer. Of these 30 people with col-
orectal cancer, 15 will have a posi-
tive hemoccult test. Of the remain-
ing 9,970 people without colorectal
cancer, 300 will still have a positive
hemoccult test.”
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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 mental compu-
tational power to use such complex algorithms, they would not gain much,
if anything at all by using them. The astonishingly high accuracy of these
heuristics indicates their ecological rationality; fast and frugal heuristics ex-
ploit the statistical structure of the environment and they are adapted to
this structure (Martignon & Hoffrage, 2002). Our upcoming group book, the
follow-up to Simple Heuristics That Make Us Smart, will focus on ecological
rationality by exploring the ways that simple decision mechanisms fit with
particular information structures in their environment. The book will cover
heuristic building blocks and decision trees, social and nonsocial environ-
ments, as well as how people structure their own environments for easier
cognition, and it will feature decision domains ranging from medical diag-
nosis to choosing a parking space to children’s games of chance.
We have pursued the issue of ecological rationality in yet another way,
namely, by studying the question of representation. Representational for-
mats constitute environments for cognition. This research has practical rele-
vance in many domains, such as diagnostic inference or risk assessment in
legal cases, where the external representation of diagnostic information in-
fluences physicians,’ counselors,’ and lawyers’ performances.

Key Reference

Martignon, L., &
Hoffrage, U. (2002). Fast,
frugal, and fit: Simple
heuristics for paired
comparison. Theory and
Decision, 52, 29–71.



Natural frequencies simplify
Bayesian computations and, as a
consequence, help people gain in-
sight into Bayesian reasoning. This
was demonstrated both with lay
people (Gigerenzer & Hoffrage,
1995) and recently also in different
fields of professional decision mak-
ing (Hoffrage, Lindsey, Hertwig, &
Gigerenzer, 2000).

Representations of Risk Reduction
Natural frequencies are also benefi-
cial for a related problem, namely, to
understand the benefit of a therapy
or of participation in a screening
program. Women are generally in-
formed that mammography screen-
ing reduces the risk of dying from
breast cancer by 25%. Does that
mean that from 100 women who
participate in the screening, 25 lives
will be saved? Although many peo-

ple believe this to be the case, the
conclusion is not justified. This per-
centage, in fact, means that from
1,000 women who participate in the
screening, 3 will die from breast
cancer within ten years, whereas
from 1,000 women who do not par-
ticipate, 4 will die. The difference
between 4 and 3 is the 25% “rela-
tive risk reduction.” Expressed as an
“absolute risk reduction,” however,
this means that the absolute benefit
is 1 in 1,000, that is, 0.1%. Cancer
organizations and health depart-
ments typically inform women of
the relative risk reduction, which
gives a higher number—25% as
compared to 0.1%—and makes the
benefit of screening appear larger
than if it were represented in ab-
solute risks.
Matter-Walstra and Hoffrage (2001)
showed that women’s willingness
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Natural frequenciesProbabilities

= .003
= .50
= .03

p(C)
p(pos | C)
p(pos | ¬C)

p(C | pos)

15
15 + 300

=

positive negative
test

9,67015 30015

30

10,000

9,970

No colorectal
cancer

Colorectal
cancer

test
positive negative

(.003) (.50)
(.003) (.50) + (.997) (.03)

=p(C | pos)

==

C&pos
C&pos + ¬C&pos

p(C) p(pos | C)
p(C) p(pos | C) + p(¬C) p (pos | ¬C)

= .047 = .047

Figure 1. Why natural fre-
quencies facilitate the
computation of the proba-
bility p(C|pos) of cancer
given a positive test. The
symbols C and ¬C stand
for colorectal cancer and
no colorectal cancer,
respectively, and pos and
neg stand for a positive
and negative test result,
respectively. One can see
that Bayes’s rule for prob-
abilities (left side) involves
more calculation than for
natural frequencies (right
side).

Key References

Gigerenzer, G., &
Hoffrage, U. (1995). How
to improve Bayesian rea-
soning without instruc-
tion: Frequency formats.
Psychological Review, 102,
684–704.

Hoffrage, U., Lindsey, S.,
Hertwig, R., & Gigerenzer,
G. (2000). Communicating
statistical information.
Science, 290, 2261–2262.



to participate in a mammography-
screening program was considerably
lower after both the benefits and
the disadvantages of the procedure
were explained in terms of natural
frequencies. By using natural fre-
quencies that referred to the same
reference population, the number of
women who gained from screening
could be easily compared to those
who were harmed. Kurzenhäuser
(2003) analyzed 27 brochures that
informed women about mammogra-
phy screening. The main result was
that the relevant statistical informa-
tion about risks and benefits are,
for the most part, poorly explained.
Even when information is provided,
it is frequently given in terms of
vague verbal descriptions rather
than in precise numbers.

Applications in Law
Judges also must make decisions
based on probabilities. Does the
representation of numerical infor-
mation in natural frequencies foster
Bayesian reasoning in court? Profes-
sionals and law students in Germany
evaluated two criminal court case
files involving rape and forensic
evidence of a DNA match. Expert
testimony reported the statistical
information of DNA profiles and
the rates of technical and human
mishaps leading to false-positive re-
sults. This information was present-
ed in two different formats, one
stated as probabilities and the other
as natural frequencies. When these
statistics were expressed as proba-
bilities, only 13% of the profession-
als and less than 1% of the law
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Calculated Risks / Reckoning with Risk / Das Einmaleins der Skepsis
At the beginning of the 21st century, most children have learned to read and write, but many adults
still do not know how to reason about uncertainties and risk. As this book repeatedly demonstrates,
physicians or legal experts often do not understand the risks either. This problem has been called
innumeracy and this book offers a remedy.
The book provides experts and lay people with mind tools for understanding risks and communicating
these effectively to others. These tools are easy to learn and can turn innumeracy into insight. They
can help reduce the widespread uninformed consent in medical, legal, and everyday situations, from
mammography screening to understanding the meaning of a DNA match in a legal trial.
The book was published by Penguin in the UK and Simon & Schuster in the US (under the title Reck-
oning with Risk: Learning to Live with Uncertainty). The German translation (Das Einmaleins der Skep-
sis: Über den richtigen Umgang mit Zahlen und Risiken) has been selected the Most Informative Book
of the Year by Bild der Wissenschaft, a major German science magazine. A Japanese translation is
underway.



students correctly inferred the prob-
ability that the defendant was actu-
ally the source of the trace. But
when the identical statistics were
stated as natural frequencies, 68%
and 44% of these same participants
made the correct inference. Perhaps
more significantly, the different
ways of expressing the same statis-
tical information altered the verdicts
in each case. When the information
was presented as probabilities, 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 expressed
as natural frequencies (Hertwig &
Hoffrage, 2002; Lindsey, Hertwig, &
Gigerenzer, in press). When verdicts
hinge on statistical evidence, under-
standing that evidence is crucial,
and pursuing such simple methods
of fostering statistical insight could
contribute to that goal.

Implications for Teaching Bayesian
Reasoning
The beneficial effects of natural fre-
quencies on statistical reasoning in
the studies reported above occurred
without training or instruction.
More importantly, systematic train-

ing in the use of natural frequencies
can even help people to reason with
probabilities. The solution is to teach
people how to translate probabilities
into natural frequency, representa-
tions. Traditionally, however, stu-
dents are taught routinized proce-
dures how to plug probabilities
into mathematical formulae such
as Bayes’s rule. We evaluated
both teaching methods using a
computerized tutorial (Sedlmeier &
Gigerenzer, 2001) as well as a tradi-
tional classroom setting (Kurzen-
häuser & Hoffrage, 2002). Note that
unlike in the studies reported earlier,
all test problems were stated in
probabilities. In both settings we
found that teaching representations
was more effective. For instance,
when tested five weeks after train-
ing, students who were taught how
to translate probabilities into natu-
ral frequencies could solve 90%
of the new problems, whereas those
who were taught rules could only
solve approximately 20% (Sedlmeier
& Gigerenzer, 2001). Most of the
students had probably only forgot-
ten the rules. Teaching representa-
tions rather than rules—and express-
ing statistical information in natural
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frequencies where appropriate—can
help to foster the statistical reason-
ing needed to make sound decisions.

ABC Goes to School: Classroom
Statistics for Everyday Life
Our findings are also relevant for
teaching statistics at schools.
German school students consider
probability theory an extremely
appealing branch of mathematics
(Wassner, Martignon, & Sedlmeier,
2002). Nonetheless, they find it
difficult to understand probability
problems and to solve them. Al-
though realistic probability problems
are concrete and numerical, they are
often presented to students in an
abstract and formalized language.
We put the hypothesis that humans
should be better in understanding
probability problems with natural
frequencies rather than with proba-
bility formats to another test in lab-
studies with German school students
aged 14 to 19 years, whom we di-
vided into two groups with compa-
rable mathematical abilities.
One group was working with a new
training software (developed by
Sedlmeier & Köhlers) based on tree-
representations and natural fre-
quencies, the other group used a
conventional training software with
probabilities. The evolutionary
adapted training with frequencies

increased the performance of
students dramatically and enabled
them to solve Bayesian problems
with ease. Depending on the age
and pre-skills, the effect of frequen-
cy-training was 1.6 to twice as large
as with probability-training.

How to Solve the Monty Hall
Problem
Base-rate neglect is an example of a
so-called bias, typically revealed un-
der conditions that differ from peo-
ple’s natural environments. By repre-
senting (statistical) information in
a way that better fits the natural
environment in which our cognitive
system evolved, reasoning becomes
not only more accurate, but also
more consistent with statistical or
probability norms, such as Bayes’s
rule. Here is another example: Sup-
pose you are on a game show and
you are given the choice between
three doors. Behind one door is a
car; behind the others are goats. You
pick, for example, door number 1,
and the host, who knows what is
behind the doors, opens a different
door, say, door number 3, to reveal a
goat. He then asks you, “Do you
want to switch to door number 2?”
Is it to your advantage to switch
your choice? What contestants
should do in this situation (known
as the Monty Hall problem or the
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three-door problem) sparked a heat-
ed public debate. Although it is to
the advantage of the contestant to
switch, until now, all experimental
studies on the Monty Hall problem
led to similar results: The vast ma-
jority of participants believes that
switching and staying are equally
good alternatives.
Piattelli-Palmarini singled out the
Monty Hall problem as the most ex-
pressive example of the “cognitive
illusions” or “mental tunnels” in
which “even the finest and best-
trained minds get trapped.” Relating
this problem to others, he concluded
that “no other statistical puzzle
comes so close to fooling all the
people all the time. (...) The phenom-
enon is particularly interesting pre-
cisely because of its specificity, its
reproducibility, and its immunity to
higher education.” He went on to
state “even Nobel physicists system-

atically give the wrong answer, and
(...) insist on it, and are ready to
berate in print those who propose
the right answer.”
Krauss and Wang (2003) were able
to shed light into this “mental tun-
nel” by formulating the problem in
an ecologically appropriate manner:
By asking “In how many of the pos-
sible arrangements would the con-
testant win by switching and in how
many would she win by staying?”
they allowed their participants to
reason in a frequentistic manner
(see Fig. 2).
By implementing further manipula-
tions into the problem’s wording
(e.g., a perspective change from the
perspective of the contestant to the
perspective of the game show host),
they could bring a substantial por-
tion of the participants to a full
understanding of the brain teasers’
underlying mathematical structure.
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Figure 2. Explanation of
the solution to the Monty
Hall problem: In two out
of three possible car-goat
arrangements the contest-
ant would win by switch-
ing; therefore she should
switch.



Social Heuristics for Cooperation
A framework that has frequently
been used to investigate cooperation
is game theory. Following this tradi-
tion, Rieskamp (2001) studied
people’s social heuristics in the in-
definitely repeated investment
game, which is a two-person se-
quential bargaining game that has
been used to study trust and reci-
procity. Two players, A and B, receive
an endowment, e.g. $10. Player A
can invest any amount of the
endowment, which is then tripled,
producing some surplus before it is
delivered to Player B. Player B then
decides how much of the tripled
amount she wishes to return to
player A.
The social heuristics developed to
predict participants’ decisions were
more successful than alternative
models, including a learning model.
The best heuristic for player A, Mod-

erately grim (see Fig. 3), predicted
on average 65% of the decisions for
a cross-validation sample. The
heuristic starts by investing the
whole endowment, and if player B
reciprocates the trusting investment
with a substantial return, the
heuristic continues to invest as long
as player B makes a substantial
return. However, if player B exploits
player A with a low return in the
first period, or if player B repeatedly
exploits player A during the game,
Moderately grim advances to the
third state, in which it will make no
investment in all following periods.
The best heuristics for player B,
Reactive (see Fig. 3), predicted on
average 52% of the decisions.
Depending on player A’s decision in
the first period, Reactive either re-
turns nothing when a low invest-
ment was made or makes a return
that leads to equal payoffs for both
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Social Rationality

Some of the most ambitious decisions faced by social species are those aris-
ing 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 important and distinct form of ecological
rationality.
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Figure 3. The best heuris-
tics developed to predict
behavior in the indefinitely
repeated investment game.
R: Reciprocal returns,
E: Exploitive returns,
T: Trust expressed by sub-
stantial investments, and
D: Distrust expressed with
low or no investments.



players when a substantial invest-
ment was made. The combination of
these two simple social heuristics
demonstrates how people can make
cooperative decisions in asymmetric
interactions with a minimum of
memory and computation.

The Roles of Cognition and
Emotion in Cooperation
The details of what cues and algo-
rithms are involved in altruism,
friendship, and general good will, as
well as the potential functions of
emotional states in these algorithms,
have been the subject of a good
amount of speculation and research.
For a recent Dahlem Conference vol-
ume, McElreath et al. (in press)
reviewed of the empirical evidence
and theory about the cognitive
nature of heuristics for cooperation,
and the role of emotion and affect
in regulating such behaviors. This lit-
erature has important implications
for interpreting natural history (for
animals ranging from bats to her-
maphrodite fish) and for predicting
the effects of institutional design on
patterns of human cooperation.

Honor and the Regulation of
Conflict
In many societies, people value their
public standing or “honor,” and oth-
er individuals recognize this stand-
ing as predictive of how others will
behave when threatened or exploit-
ed. Such cultures of honor have
existed in many places and times,
seem to arise quickly, and have en-
during properties. Yet the logic of
honorable strategies is poorly under-
stood. Social strategies of this type
are impossible for individuals to de-
cide upon rationally: When individu-

als pay attention to the behavior of
others, the distributed effects of in-
dividual actions are very complex.
A good amount of speculation and
induction from historical and ethno-
graphic cases exists, but deductive
analysis of these arguments has
been lacking. Thus the function and
value of the attitudes that generate
cultures of honor are unclear.
McElreath (in press) analyzed a for-
mal model of conflict management
strategies that track and value per-
sonal honor to explore the material
incentives and community structures
that might lead to and maintain
them. The analyses indicate that,
unlike models of public standing for
regulating cooperation, simple
honor-attentive strategies perform
well even when information about
the standing of others is poor. The
results may also explain the persist-
ence of cultures of honor in situa-
tions where the material incentives
that may have lead to the values
arising are no longer present.

Adaptive Foundations of an
Egalitarian Social Norm
One of the important problems of
social rationality is to explain how a
social norm will emerge from the
interactions among socially rational
agents who adopt their behaviors
and cognitions in response to cur-
rent social environments. As an il-
lustration, we focused on the emer-
gence of an egalitarian distributive
norm widely observed in primordial
societies. It has been argued that
communal sharing has emerged be-
cause it is a social device reducing
uncertainty that is inherent in re-
source acquisition, but this cannot
explain how the so-called free-rider

Center for Adaptive Behavior and Cognition 41

Key Reference

McElreath, R. (in press).
Community structure, mo-
bility and the strength of
norms in an African socie-
ty, the Sangu of Tanzania.
In J. Henrich et al. (Eds.),
Foundations of human so-
ciality: Ethnography and
experiments in 15 small-
scale societies. Oxford:
Oxford University Press.



problem is solved. Through a series
of evolutionary computer simula-
tions, it was shown that communal
sharing norms can emerge and are
sustained when there is asynchro-
nous uncertainty on food acquisition
(Kameda, Takezawa, & Hastie, 2003).
We further extended the results and
hypothesized that this environment
structure may work as a cue to
induce a sharing behavior: When a
resource acquisition is framed as
uncertain, people may tend to share
such a resource with the others. This
hypothesis was confirmed in differ-
ent cultures under different settings
(vignette and laboratory experiments
in Japan and the U.S.; Kameda,
Takezawa, Tindale, & Smith, 2001).
In a new project by Keller, Takezawa,
and Gummerum, the sharing of
resources is studied with children in
the context of cooperative games.

Moral Decision-Making and Moral
Emotions in a Cross-Cultural
Perspective
Over the last two years, we have
further explored the question of
how children and adolescents from
different Western and Asian cultures
reason about morally relevant con-
flict situations in the family and in
close friendship. Concerning the
developmental levels of socio-moral
reasoning in Icelandic and Chinese
children and adolescents, the results
revealed developmental differences
in younger children—Chinese chil-
dren are more advanced in socio-
moral reasoning, for instance. In
adolescents, however, such differ-
ences were not observed. Further-
more, in decision making and rea-
soning about the authority dilemma,
a complex interaction of ecology

and development can be obtained,
which was not the case for friend-
ship (Keller, in press-a). The relation-
ship between structure and content
of friendship reasoning in different
cultures—including different
Western and Eastern cultures—was
explored by Gummerum (2002).
We have started to analyze the tran-
sition from adolescence into young
adulthood in friendship reasoning in
a cross-cultural perspective (Keller,
in press-b). A system for categorizing
friendship reasoning was developed
based on the integration of cogni-
tive-developmental theories, that is,
theories on self, ego, and socio-
moral development. The analyses
support a transition from adolescent
reasoning of close identification with
friends into reasoning of young
adulthood, which is characterized by
individuality and autonomy. While
young Chinese adults emphasize the
self as part of the societal system,
they nevertheless reveal individuality
and autonomy.

Development of Moral Emotions in
a Cross-Cultural Perspective
Moral feelings in the case of rule
violation indicate moral sensitivity.
Younger children have been defined
as “happy victimizers” because they
attribute positive feelings to moral
rule violators, while older children
tend to attribute moral (guilt) feel-
ings to such a moral violator. How-
ever, findings have been inconsistent
with regard to the attributional shift
in older children. Based on the find-
ings from Chinese children, we test-
ed whether a self-other differentia-
tion may be an explanation for these
inconsistent findings. In a cross-
cultural study we compared 6- and
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9-year-old German and Portuguese
children’s reasoning about the emo-
tions attributed to a rule violator,
both in the role of self and hypo-
thetical other (Keller, Lourenco,
Malti, & Saalbach, in press). Younger
and older children attributed moral
feelings more frequently to them-
selves as violator than to the hypo-
thetical other. But the findings also
revealed a developmental shift in
both roles. Thus, a self-other differ-
entiation only partly accounts for in-
consistent results in the attribution
of emotions to others. Two other
studies have been performed to fol-
low up on the phenomenon of moral
emotions in different contexts.

Social Support
The submission of the report to the
German Parliament on the “Condi-
tions of Growing-up in Germany“
(1998), prepared by an expert com-
mittee headed by Lothar Krapp-
mann, was followed by a number of
activities by which results of re-
search in development and social-
ization were disseminated to groups
and organizations that are active in
promoting children’s and adoles-
cents’ development and education.
A special feature of children’s social
world are their peer networks. Chil-
dren differ in social standing and in-
fluence, although they offen claim
to be equals and do not accept uni-
lateral determination by a peer. The
project “Inequality Among Children“
investigates how children’s social-
ization is shaped by the conflicting
experiences of functional leadership,
disrespectful exertion of power,
and mutual negotiation. Analyses of
questionnaire and interview data
collected from 9- to 11-year-old

children show that children are
aware of a hierarchy of influence
and that they have conceptions of
how influence is exerted by them-
selves and other.

Parental Investment
A special form of social behavior is
behavior among family members.
How can simple heuristics, particu-
larly one-reason decision making, be
employed in the domain of parental
investment? Specifically: How can
a parent decide which of several
offspring he or she should give re-
sources to first? The equity heuristic
is a boundedly rational decision
rule specifying that parents should
attempt to split resources equally
among their children. But, whereas
an equity motive produces a fair
distribution at any given point in
time, it yields a cumulative distribu-
tion of investments that is unequal
(Hertwig, Davis, & Sulloway, 2002).
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 equi-
ty heuristic creates a middle-child
resource handicap. If, however, the
first period is most important, this
heuristic creates a later-born re-
source handicap. If one focuses on
resources specific to the last period,
then an earlier-born resource handi-
cap occurs. Across all handicaps,
middle-born children are never best
off. Thus, as Hertwig, Davis, and Sul-
loway concluded, the equity heuris-
tic can provide an explanation of
why the birth-order literature re-
ports notoriously conflicting results
and conclusions.
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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 mil-
lennia of natural and sexual selec-
tion to solve the survival and repro-
duction problems our ancestors
faced, and they continue to guide
our decisions and preferences today.
This does not mean that everything
an individual does has been selected
for, or even that those traits that
have been selected for will neces-
sarily confer some advantage on an
individual expressing them in a
modern environment. What this
does mean is that the behaviors ex-
pressed by modern individuals are
expected to be a result of the inter-
action between their evolved psy-

chology and the environment in
which they live.
Through the influence of cognitive
science, mental adaptations are typ-
ically viewed as software modules
designed by evolution, specialized to
process naturally occurring informa-
tion about biologically important
situations in ways that guide adap-
tive behavior. Thus, evolutionary
psychologists tend to analyze adap-
tive problems, such as mate choice,
foraging, habitat selection, etc., in
terms of the structure of the deci-
sion maker’s environment, and the
types of perception, computation,
inference, strategies, and signals
that the decision maker uses. Again,
because of cognitive science (and
particularly the influence of com-
puter models), analyzing the en-
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Evolutionary Psychology

Evolutionary psychology lies at the heart of many research projects under-
taken by the ABC research group, providing 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, evolu-
tionary psychology is grounded in ecological rationality: It assumes that our
minds were designed by natural selection to solve practical problems in
an efficient and effective manner. While evolutionary psychology focuses
specifically on ancestral environments and practical problems with fitness
consequences, ecological rationality additionally encompasses decision mak-
ing in present environments without privileging problems with fitness con-
sequences. Recently, Hoffrage and Vitouch (2002) wrote a chapter on these
and other issues involved in the evolutionary psychology of thinking and
problem solving for a textbook on general psychology, which is notable for
being—to the best of our knowledge—the first account of this topic in such
a German textbook. Thus, ABC members are leading the growing interest in
Germany toward this relatively new field, also organizing symposia and giv-
ing keynote lectures on the subject at major German conferences. In these
efforts, we are also taking the opportunity to introduce the discussion of
ecological rationality and the “adaptive toolbox” into the realm of evolu-
tionary psychology, adding a new theoretical dimension to this area.

The tabula of hu-
man nature was
never rasa and it is
now being read.
William Hamilton
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vironment often gets short shrift,
while the computations assumed to
be occurring inside a person’s head
are typically intricate and involved.
However, ABC’s focus on ecological
rationality argues that evolution
would have produced simple heuris-
tics for decision making in many
contexts, mechanisms that enable
individuals to make decisions rapidly
and efficiently when it is important
to do so.

Evolved Mechanism as a Solution
to the Frame Problem
Simple fast and frugal heuristics can
help individuals make decisions
quickly, both by limiting the amount
of information they use to choose a
course of action and by focusing at-
tention on only the information that
will be most useful in making the
choice. Thus, these simple evolved
inference mechanisms can help
organisms overcome one form of
the classic frame problem plaguing
any information-processing decision
maker: How to avoid considering
the infinite number of possible real-
world options and their unlimited
future consequences when choosing
a course of action. Ketelaar and
Todd (2001) demonstrate how sim-
ple satisficing mechanisms that stop
search, using an aspiration level, can
limit the number of choices consid-
ered, and how emotions can focus
information gathering on only those
cues that will be most useful to the
decision maker.

Mate Choice
One of the most evolutionarily im-
portant decisions facing sexually
reproducing animals, including hu-
mans, is mate choice. By definition,

sexual reproduction entails combin-
ing one’s own genes with another
individual’s genes to produce off-
spring. Through mate choice, indi-
viduals can influence the quality of
the genes passed on to their
offspring, and the quality of the
parental care their offspring will
receive. For many species, including
humans, potential mates are not
encountered simultaneously, but
rather sequentially. When individuals
find a potential mate they must
decide whether the prospect is good
enough to have offspring with. This
sequential search problem can be
addressed through the use of simple
satisficing heuristics, which estab-
lish a threshold aspiration level that
enables the straightforward judg-
ment of the acceptability of a given
potential mate. Simão and Todd (in
press) have explored ways in which
this aspiration level can be set based
on the experience of the individual
searching for a mate, finding that
simple threshold-adjustment mech-
anisms can outperform complex
optimizing methods in this domain,
as in others.
The decision mechanisms that may
have evolved to help us solve adap-
tive problems such as mate choice
rely on the structure of the environ-
ment to make appropriate choices,
and they will not work as well when
the environment is different from
what they expect (i.e., constantly
being confronted with images of
beautiful people through mass me-
dia may skew our mate preferences
in ways that lead to poorer individ-
ual choices). But these mechanisms
not only exploit environment struc-
ture, they also initially help to cre-
ate it. As an example, mate-choice
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mechanisms affect the population of
available mates for others to choose
from, which in turn can be seen in
population-level measures of mating
success, such as the age at which
individuals mate. In the human case,
demographers have studied patterns
of the age at which people first get
married, and found that the pattern,
a right-skewed bell shape relating
percentage of the population get-
ting married against the age at
which marriage occurs, is remark-
ably constant in shape across cul-
tures and historical periods. Could
this pattern be the consequence of
the individual mate-search strate-
gies that people are using? Todd and

Billari (in press) explored this ques-
tion by constructing a simulated
population of individuals all looking
for marriage partners using simple
search rules and found that, with
appropriate settings, these rules, op-
erating at the individual level, could
indeed account for the aggregate
population-level outcome commonly
observed. Studies such as this (see
also Todd & Kirby, 2001) close the
loop from environment structure to
evolved behavioral mechanisms back
to behaviorally influenced environ-
ment structure, further strengthen-
ing the connection that evolutionary
psychology focuses on between the
mind and the world.
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Experimentation in Psychology
and Economics
The core method in psychological
research is experimentation. Hertwig
and Ortmann (2003) observed that
the experimental practices in psy-
chology and experimental economics
differ. In particular, a frequently
used methodological tool in psycho-
logical experiments, the deception
of participants, is generally taboo in
experimental economics. Recently,
however, it has been argued that the
evidence in social science research
suggests that deceiving subjects in
an experiment does not lead to a
significant loss of experimental
control. Based on this assessment,
experimental economists have been
counseled to lift their de facto pro-
hibition against deception to cap-
ture its potential benefits. Ortmann
and Hertwig (2002), argue that this
recommendation draws on a selec-
tive sample of the available evi-
dence. Building on a systematic re-
view of relevant research in psychol-
ogy, they present two major results:
First, the evidence suggests that the
experience of having been deceived
generates suspicion, which, in turn,
is likely to affect the judgment and
decision making of a nonnegligible
number of participants. Second, they
find little evidence for reputational
spillover effects that have been hy-
pothesized by a number of authors

in psychology and economics. They
conclude that experimental econo-
mists’ prohibition of deception is a
sensible convention that economists
should not abandon.
The use of deception, however, is
not the only striking difference in
the experimental practices of econo-
mists and psychologists. Hertwig
and Ortmann’s (2001a) investiga-
tions revealed that, in contrast to
psychologists (here they mean
researchers in behavioral decision
making and related areas in social
and cognitive psychology such as
social cognition, problem solving
and reasoning), economists bring a
precisely defined script to experi-
ments and ask participants to enact
it, using repeated experimental tri-
als. This allows participants to learn
in the task environment, and to be
paid on the basis of clearly defined
performance criteria. Do these
methodological differences matter?
Based on a review of empirical evi-
dence, Hertwig and Ortmann argue
that the practices in experimental
psychology of not providing a pre-
cisely defined script for participants
to enact, not repeating experimental
trials, and paying participants either
a flat fee or nothing leaves the so-
cial situation “experiment” open to a
variety of interpretations. The fact
that psychologists are (in)famous for
deceiving participants’ is likely only
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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 experimen-
tal 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.

… if the history of
human achieve-
ment in knowledge
proves anything, it
is that the all-
decisive discovery
is that of an
effective and fruit-
ful method.
John Dewey
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to magnify participants uncertainty
and second-guessing. The typical ex-
perimental practices in psychology
increase rather than decrease the
background of variation against
which effects are appraised and thus
reduce the replicability of results.
Hertwig and Ortmann (2001a) con-
cluded that by improving research
designs (e.g., repetition of trials,
performance-based payment) psy-
chologists can increase their control
of these sources of variation, thus
increasing effect sizes and the pow-
er of statistical tests. Hertwig and
Ortmann (2001b) responded to the
comments of 34 psychologists and
economists, who discussed their
analysis of the different experimen-
tal culture in these two neighboring
fields. Specifically, they argued that
the impact of key methodological
variables should not be taken for
granted, but experimental practices
themselves should be based in em-
pirical evidence. To this end, they
proposed that if no evidence about
the impact of design variables is
available, then the decision about
design and implementation ought to
be subjected to systematic experi-
mentation. In brief, they argued
against empirically blind conven-
tions and against methodological
choices based on beliefs, habits, or
rituals.

Adversarial Collaboration
A famous example that has often
been used to illustrate human irra-
tionality is the conjunction fallacy,
that is, violations of the conjunction
rule (if A includes B, then the proba-
bility of B cannot exceed the pro-
bability of A). The classic problem
designed to demonstrate violations

of the conjunction rule is the Linda
problem, introduced by Tversky and
Kahneman:

The typical result was that 80% to
90% of participants judged T & F to
be more probable than T, a judgment
inconsistent with the conjunction
rule. With Tversky and Kahneman’s
norm for rational reasoning, the
content of the Linda problem is ir-
relevant; one does not even need
to read the description of Linda.
As Hertwig and Gigerenzer (1999)
argued, all that counts are the terms
“probability” and “and,” which
Tversky and Kahneman assume must
be interpreted as the mathematical
probability and logical AND, respec-
tively. However, as the Oxford
English Dictionary shows both words
have multiple legitimate meanings
in natural language; only few of
them correspond to the mathe-
matical probability and logical AND,
and therefore need not obey the
conjunction rule. Hertwig and
Gigerenzer showed that when the
polysemy of the English term “prob-
ability” is eliminated—for instance,
by replacing “probability” with “fre-
quency”—the conjunction fallacy
disappears. Kahneman and Tversky
(1996), however, devised a frequency
version of the Linda problem in
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Linda is 31 years old, single, outspoken, and
very bright. She majored in philosophy. As a
student, she was deeply concerned with issues
of discrimination and social justice, and also
participated in anti-nuclear demonstrations.
Rank the following statements by their proba-
bility:
Linda is a bank teller (T)
Linda is active in the feminist movement (F)
Linda is a bank teller and is active in the femi-
nist movement (T & F)



which the conjunction fallacy reap-
peared.
To debate controversial interpreta-
tions of the conjunction fallacy, a
new approach called adversarial col-
laboration was then adopted. It
requires both parties to agree on a
procedure for resolving a dispute
and, with the help of an arbiter,
conduct empirical tests. Mellers,
Hertwig, and Kahneman (2001)
began their collaboration with
Hertwig’s claims that frequencies
eliminate conjunction effects and
that Kahneman and Tversky’s results
with frequencies were an artifact of
some participants interpreting “and”
as an “or.” Hertwig proposed two
conjunction phrases that avoided
this interpretation. Kahneman pre-
dicted that conjunction effects
would still occur with one of them.
Mellers served as arbiter. Frequen-
cies by themselves did not eliminate
conjunction effects with any of the
phrases, but when filler items were
removed, conjunction effects disap-
pear with Hertwig’s phrases. Al-
though theoretical disagreements
remain, Hertwig and Kahneman
agree that joint experiments have
yielded theoretical progress and
advanced the understanding of
conjunction effects that would not
have been achieved by working sep-
arately.

Tools-to-Theories
Where do new ideas come from? In
his earlier work, Gigerenzer (1991)
wrote about scientific discovery in
terms of heuristics of discovery and
proposed that scientists often em-
ploy a tools-to-theories heuristic.
This thesis predicted that new scien-
tific tools, once entrenched in a sci-

entist’s daily practice, suggested
new theoretical metaphors and con-
cepts. It also predicted that once
proposed by an individual scientist
(or a group), the new theoretical
metaphors and concepts are more
likely to be accepted by the scientif-
ic community if the members of
the community are also users of the
new tools.
A prominent researcher who used
the tools-to-theories heuristic was
Brunswik. Gigerenzer and Kurz
(2001) showed that after Brunswik
switched to correlations as his new
tool, his concept of the mind also
changed. He began to regard the
mind as an “intuitive statistician,”
and he suggested that the intuitive
statistician would use the same new
tools: correlation and regression.
In particular, vicarious functioning,
which Brunswik considered the most
fundamental principle of the science
of perception and behavior, began to
be modeled by multiple regression.
Gigerenzer and Kurz proposed a rad-
ically different way to model vicari-
ous functioning: the framework of
fast and frugal heuristics. Simple
heuristics are psychologically plausi-
ble alternatives to multiple regres-
sion and, in addition, are consistent
with Brunswik’s own ideas. The
adaptive value of vicarious function-
ing is not only in making accurate
judgments, but also in being able to
make judgments quickly and with
limited knowledge. Gigerenzer and
Kurz proposed to fill Brunswik’s lens
model (which provides a language
for describing the environment and
the cognitive system using the same
terms) with fast and frugal heuris-
tics and reported a counterintuitive
result: When making inferences
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about real-world criteria, such a fast
and frugal lens is not only as accu-
rat as, but is even more accurate
than the computationally complex
multiple regression model.

Null-Hypothesis Testing
In a discussion of the limitations of
(some) statistical tools, Gigerenzer
(1998) predicted that future histori-
ans of psychology would be puzzled
by an odd ritual: null-hypothesis
testing. Although this ritual is cam-
ouflaged as the sine qua non of sci-
entific methods, Gigerenzer argued
that it undermines the theoretical
progress in psychology by giving
researchers no incentive to specify
their hypotheses and by replacing
statistical thinking with the appli-
cation of a mindless statistical pro-
cedure. Such a mechanized routine
invites diverse misinterpretations.
By using a questionnaire developed
by Oakes in the year 1986, Haller
and Krauss (2002) found typical
misinterpretations of a significant
test result in 100% of the partici-
pating German psychology students.
Astonishingly, even among the
participating methodology instruc-
tors (university teachers who teach
psychological methods to psycholo-
gy students), 80% showed miscon-
ceptions about the meaning of a
significant test result. Of course, the
teaching of null-hypothesis testing
can only be justified if students,
and their teachers, are able to grasp
the meaning of what they are
doing. In Gigerenzer, Krauss, and
Vitouch (in press), a curious stu-
dent, who wanted to understand
rather than perform the ritual, had
the courage to ask questions that
seemed naive at first glance and

that others did not care or dare to
ask.
Krauss and Wassner (2001, 2002)
focused on the educational aspect.
They provided a pedagogical concept
of how to eliminate typical miscon-
ceptions when teaching inference
statistics. The main aim of their di-
dactical proposal is to foster insight
by contrasting different statistical
inference paradigms (null-hypothe-
sis testing according to Fisher, alter-
native hypothesis testing according
to Neyman and Pearson, and
Bayesian statistics) and to illustrate
what can be obtained by each of
these paradigms and what cannot.
Because the interpretation of the
results from all these paradigms is
based on the idea of conditional
probability, a sound understanding
of this core idea is required as a
basis for understanding inference
statistics (which can be obtained
with the “natural frequency” con-
cept, see above). Finally, Gigerenzer
and Krauss (2001) focused on the
history of significance tests and the
development of the various prob-
lems and misinterpretations. They
illustrated the relevance of eliminat-
ing these misinterpretations at an
early stage in a student’s schooling.

Confusing Predictors and Criterion
In cases in which a criterion is diffi-
cult to measure, a proxy may be
substituted. For instance, because
scientific achievement is hard to as-
sess, the Institute of Scientific Infor-
mation (ISI) citation rates are often
used instead. As a result, citation
rates (the frequency of citations in a
set of journals) are in danger of be-
coming an objective measure of sci-
entific quality. Müller-Brettel (2001)
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argued that citation analysis will
only be a useful tool for measuring
scientific relevance as long as there
is a consensus in the scientific com-
munity that publications in journals
with high citation rates are honest
indicators of scientific quality. An-
other example is using self-reports
to predict behavior in extreme situa-
tions. How reliable are these re-
ports? In a historical analysis of psy-
chological research on war and
peace, Müller-Brettel (in press) as-
sessed the failure of militarism/paci-
fism scales to predict behavior in
wartime situations. Among the ma-

jority of citizens, pacifistic attitudes
predict pacifistic behavior only in
times of peace, while in a concrete
conflict situation social influences
and attachments are better predic-
tors of behavior than moral values.
As these two examples show, one
should be careful to distinguish pre-
dictors and criteria: A citation rate
refers to scientific achievement, but
it is not an objective measure for
scientific quality, and a particular
value on an attitude scale refers to
a mental disposition, but may not be
a reliable predictor for behavior.
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Summer Institutes 2001 and 2002
The Summer Institute intends to put forth a view of decision making that is anchored in the psycho-
logical possibilities of humans rather than in the fictional construct of homo oeconomicus. The spe-
cial focus in 2002 was to explore the idea of social rationality in combination with bounded rational-
ity and to integrate research on emotions into bounded rationality. Our emotional systems enable us
to make choices “fast and frugally”—that is, by reacting to our immediate emotional responses as
opposed to engaging in costly deliberation. Because of their precise formulation, fast and frugal
heuristics provide a fruitful framework for studying when and how emotions come into play.
35 participants from eight European countries, the US, Israel, and China were selected from about
200 applicants. They had backgrounds in psychology, economics, philosophy, anthropology, biology,
management, and finance, resulting in an international and interdisciplinary blend of young re-
searchers. They discovered a common interest in bounded rationality and benefitted from learning
about perspectives taken in other research fields. We are very encouraged that the Summer Institute
worked out as a technique to cross the borders between different disciplines.

Bounded

Summer Institute on Bounded Rationality 
in Psychology and Economics
Special Focus:
Emotions as Foundations of Bounded Rationality
August 13-21, 2002 - Berlin, Germany

Aim

Summer Institute Directors

Venue

Homepage

The widespread conflict between the psychological and the rational is, in
our view, an unnecessary fiction. Our aim is to encourage a view of human
rationality that is anchored in the cognitive and emotional possibilities of
humans rather than in the fictional construct of Homo economicus. Further-
more, we want to foster understanding of how decision making using
various heuristics is adapted to specific environments. As a special focus this
year, we consider how our emotional systems allow us to make fast and fru-
gal decisions.

Gerd Gigerenzer, Max Planck Institute for Human Development,
Berlin, Germany
Robin Hogarth, Pompeu Fabra University, Barcelona, Spain
Chris Starmer, University of Nottingham, Nottingham, Great Britain

Max Planck Institute for Human Development, Berlin, Germany
Center for Adaptive Behavior and Cognition
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financial support:

Future Directions
One of the major goals for the near future is to finish our new book on
the match between heuristics and environments, thereby promoting and
interconnecting research on bounded rationality and ecological rationali-
ty. Another major goal is to explore the legal dimensions of (the use of)
heuristics and the way information is communicated. To this end, we will
(1) extend the existing collaboration with the Max Planck Project Group
"Common Goods: Law, Politics and Economics," (2) a Dahlem conference
on Heuristics and the Law which will be held in June 2004 (organizers
Gerd Gigerenzer and Christoph Engel), and (3) the third Summer Institute
on Bounded Rationality (to be held 2003), for which we were able to get
funding from the VW Stiftung, will focus on applications in the law (the
last one focused on emotions, see box).
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