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ECOLOGICA L RATIONALITY

According to a possibly apocryphal story, an eminent philosopher of science once encountered a noted
decision theorist in a hallway at their university. Thedecision theorist was pacing up and down,
muttering QVhat shall | do? What shall | do?0

What®@the matter, Howard?Oasked the philosopher.

Replied thedecision theorist: @t@ horrible, Ernest - | ®egot an offer from Harvard and | don®know
whether to accept it. O

GVhy Howard, Oreacted the philosopher, you®e one of the world® great experts on decision making. Why
don®you just work out the decision tree, calculatethe probabilities and expected outcomes, and
determine which choice maximizes your expected utility?0

With annoyance, theother replied: @Comeon, Ernest. Thisis serious.O

-(Thagard & Millgram, 1997)

1. VISIONS OF RATIONALITY (TOUT COURT)

visions of rationality

.-"'..

demons

bounded rationality

rz" \ . y r LY
unbounded optimization satisficing  fast and {rugal
rationality  under constraints heuristics

Figure 1 - (from Todd & Gigerenzer, 2001)
n.b: “demons” refer to hyperrational, omniscient agents.
2. VISIONS OF BOUNDED RATIONALITY

From Ockham® razor to Simon® scissors

Human rational behavior (...) is shaped by a scissors whose two blades are the structure of task
environments and the computational capabilities of the actor. (Simon, 1990, p. 7)
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These two blades Bthe two sources of bounds on our rationality Dmust fit together closely for rationality

tocut.(Todd & Gigerenzer, 2003, p. 144)
The half-empt yOperspective:

1) optimization under constraints

2) human irrationality (Tversky-Kahneman)

= “people lack the correct programs for many important judgmental tasks” (Slovic et al.,

1976, p. 174)

The half-fullOperspective:

3) ecological rationality: the mutual fit of minds and environments

The principle of @cological rationalitytholds that cognitive mechanisms are best understood as fitting
the demands and structure of particular environmental niches, as opposed to the classical view of
cognition approximating a (@aplacean superintelligenced for achieving @eneral purpose, optimal
performance in any situationO(Bullock & Todd, 1999, p. 3). An implication of ecological rationality is
that cognitive mechanisms operating outside of their proper niche may deliver irrational
behaviour, in much the same way that a fish out of water is disadvantaged with respect to breathing -

(Seth, 2002)

= Ecological rationality: mind-environment fit
= Social rationality: mind-society (norms, social emotions, rules, custom, etc.).
= Evolutionary rationality: adapted mind-EEA (Environment of Evolutionary

Adapatation)

Adaptive Behavior and Cognition (ABC) research group: (Chase et al., 1998; Gigerenzer,
2000; Gigerenzer, 2002, 2007; Gigerenzer & Engel, 2006; Gigerenzer & Selten, 2001;
Gigerenzer et al., 1999; Kurz-Milcke & Gigerenzer, 2004; Smith, 2003)

The beginning of Ecological Rationality : frequencies vs. subjective probabilities

Chase et al. 1998: When problems are presented in (B) frequentist format (how many?),
results are better than when problems are presented in (A) subjectivist format (what is the
probability that?). Frequencies are more ecological.

(A) The probability of breast cancer is 1% for a
woman at age 40 who participates in routine
screening. If a woman has breast cancer, the
probability is 80% that she will have a positive
mammography. If a woman does not have breast
cancer, the probability is 9.6% that she will also
have a positive mammography. A woman in this
age group had a positive mammography in a
routine screening. What is the probability that
she actually has breast cancer?

(Answer: ___ %)

(B) Ten out of every 1000 women at age 40 who
participate in routine screening have breast
cancer. Eight out of these ten women with breast
cancer will get a positive mammography. Of the
990 women without breast cancer, 95 will also
get a positive mammography. Here is a new
representative sample of women at age 40 who
got a positive mammography in routine
screening. How many of these women do you
expect actually to have breast cancer?

(Answer: out of )
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Figure 2 from Chase et al. 1998: Subjectivist vs Frequentist probabilities

3. VISIONS OF ECOLOGICAL RATIONALITY

In thisworld, nothing is certain but death and taxes
- Benjamin Franklin, 1789

Example (from Todd & Gigerenzer, 2001)

A man is rushed to a hospital in the throes of a
heart attack. Two ways of deciding if he is high-
risk or low-risk:

A)look at the results of each of the many
measurements that are taken when a heart
attack patient 1s admitted, rank them
according to their importance, and combine
them somehow into a final conclusion

B) Simple decision tree in (Brieman et al., 1993)
to classify heart attack patients according to
risk using only a maximum of three variables
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over the initial 24 hour period = 917

r =
/ y
\\
g no
yes N,
/ b
/ rd
SN
Is age = 62.57 |,hjgh risk |
N
5 < —
~
/
ves / T3}
! ~
Y
/ \\\
\/" ‘\._
Is sinus tachyeardia present? | lew rjsk_,l
™, ‘H“-—-'/
/ M,
yes/ o
/ %
o P
7 N ~
I . . 1 \
\high risk | |\ low risk/
A R

Figure 3 (from Todd & Gigerenzer, 2001)

B is fast, frugal (3 yes-no questions) and effective (“more accurate in classifying heart attack
patients according to risk status than are some rather complex statistical classification

methods”.
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Assumptions

Ecologically rational = “making good decisions with mental mechanisms whose
internal structure can exploit the external information structures available in the
environment” (Todd & Gigerenzer, 2003, p. 144)

Mechanistic approach: algorithmic procedures

Cognitive mechanisms tailored for environment

Beyond the “limited” view: external bounds (cost) + internal bounds (computational

limits)

- Ideal Rational Agent may not be a good approximation

- Irrationality may come from a maladaptive environment

- New normative project: evaluation of effectiveness of procedures

- “Situated rationality”: the norms are not abstract, a priori, rules, but “fast and frugal
heuristics” that work well in certain environments. Environment may be loaded with

cues

Building blocks :

made of

what F&F heuristics are

Search — stop — decision

Search:

gather

problem and its solution(s)

Stop: information gathering must stop in
order to be effective (Simon’s aspiration

levels)

Decision: simple decision strategies

Adaptive toolbox: “specialized cognitive
mechanisms that evolution and learning has

information about the

Set possible cat.s
S to categories
corresponding to
prev. cue C's value

|

‘#I Get next cue C* |

Y
Set possible cat.s
5* to categories
corresponding to
current cue C*'s value

h 4

built into the human mind” (149) Set §
if § contains intersection of if §is
more than 1 cat. Sand §* empty

Mechanistic explanation

Building blocks — Heuristics = Adaptive toolbox

¥ egory
STOP

if § contains

Figure 4 - CBE (Categorization By Elimination,

(Berretty et al., 1997)
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4, 4 CLASSES OF HEURISTICS
1) Ignorance-based decision-maki ng

Recognition heuristics Of one of two objects is recognized
and the other is not, then infer that the recognized objec
has the highe value with respect to the
crit erio nO(Goldstein & Gigerenzer, 2002, p. 76)”

Ex: which one is larger: Munich or Dortmund? San Diego
or San Antonio?

The size of a city is correlated with its exposition in media
(Goldstein & Gigerenzer 2002). Thus guessing that the
know is larger than the unkow is ecologically rational.

2) One-reason decision-making

TakeTheBest decision is based on the first criterion that
discriminates between the alternatives. =

see market experiments (Borges et al., 1999):
http://www.sciencenews.org/pages/sn_arc99/5 29 99/bob2
.htm

In 1996-1997, « the simple ignorance-driven recognition
heuristic beat highly trained fund managers using all the
information available to them »

3) Elimination heuristics

Narrowing down the possibilities with cues (see CBE)

4) Satisficing heuristics

Fix an aspiration level, and stop when you reach it

5. F&F HEURISTICS AGAINST LOGIC AND
PROBABILITY

= Multiple coherencecriteria vs multiple

Mediator

Criterion Recognition

Figure 4 - From Goldstein & Gigerenzer,
2000

Start

- Choose the
alternative
known? to which the
cue points
[ Choose the |
best cue
_ No Yes

Fig. 1 Flow diagram of a fast and frugal heuristic: Take The
Best. (©1996, American Psychological Association; modified,
with permission, from Ref. 49.)

Figure 4 - from Chase et al. 1998

corre spondence criteria (real-world decision performance): the models are empirically ,

not formally tested.

» F&F algorithms have been tested on data sets and either outperforms standard

algorithms or equals them.

» “less-is-more”: limited working memory capacity forces people to rely on small
samples of information drawn from real-world environments or long-term memory.
advantage: they can increase the chance of detecting a correlation in population;
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constraints of the developing brain are a necessary hindrance for a first language to

be learned fluently.

* Thus bounded rationality may have evolve not as a by-product of limited cognitive
capacities, but as an adaptive strategy.

Other examples : (Gigerenzer, 2004)

Is ilPhEIlUI]’IBT]UIl Lllll-l toa hld.&l-‘d I]'Ii]']d o

. or to an environmental structure plus an unbiased mind?

Overconfidence bias {defined as miscalibration)

Overconfidence bias {defined as mean
confidence minus proportion correct}

IIard—ﬁas}f effect

Overestimation of low risks and underestimation

of }Jigh risks

C[mtingﬂuc_y ilhasion {based on prior beliefs or
prejudices)

Most drivers say tlu-:}-' drive more safel}-‘ than
average

A\-‘ujlahﬂjf:}' bias (letter “R” stud}']

Preference reversals

thubilit}' I Lat::h]'.ug

chJri1JI1ctichJ fallun:_'}'

l*"..llh'&ﬁ COTISETLSELS BffEDL'f

Violations of lugjcul TEAsOning

Normative pr oject

“Misealibration” can be deduced from a unbiased mind in an environment with
substantial |1115}'ht9m.1t1{, eITOL, Ld.ll‘\lI]B rvmh\mn toward the mean
{Dawes & Mulford 1996; Erev et al. 1994)

“Overconfidence bias” can be deduced from an unbiased mind in an environ-
ment with unrepresentative s:impljng of questions; this djsuppr::urs |argt-:1y
with random 5umpling l:_]usliu et al. 2000)

"lIurd—eu:s)—' effect” can be deduced from an unbiased mind in an environment
with unsystemnatic error, causing regression toward the mean { ]1]51En et al.
2000)

This classical p!lr::uu:m—:nml can be deduced from an unbiased mind in an envi-
ronment with un:sysu-:matjc ©ITOr, :::iusing rt—:gn—:ssiun toward the mean
(Gigerenzer & Fiedler 2003)

“G[]Ilﬁl]gttlll_'}-' illusion” can be deduced from an unbiased mind perﬂ:rming sig-
nificance tests on 5umples with ulL&:quul sizes, such as minorities and majori-
ties (FMiedler et al. 1959)

The distribution of the actual numbers of accidents is highl_}' skewed, which re-
sults in the fact that most drdvers (in one *stud}, 809%) have less accidents than
the average num ber of accidents {Gigerenzer 2002; Lopes 1982}

J‘L\-r'a[l.ihll[tv bias” |a.rt_|t-‘1v d.[\app[u.rs wlu—*n the stirmuli lFtterh, dre representa-
tively :w.l]llph’:!d rather than selected (Sedlmeier et al. 1998)

Consistent social values (e.p., don't take the largest slice; don't be the first to
CTOsS 4 picke,t line) can ereate what look like }_:un-:ﬂ-:n—:nct—: reversals (Sen 1993;
2002)

Social environments with N > 1 individuals competng over resources can make
pru[uh]l]t} matdnnb a more successful strategy than maximizing, whereas
this would not be the case for an individual studied in isolation "C.j]l]std
1990)

“G[mjunr:tj[:-n fullacy" can be deduced from the human a[:jlit}-' for pragmatic in-
ference about the meaning r of natural Lint’uay:* sentences — an ahilit}-' o
unnputr:*r program has so far (1 lertwig & Cigerenzer 1999}

This “ egocentric bias" can be deduced from Bayes's rule for I]l‘[}l]lt’lllb of which
4 person is ignorant, that is, where a person }].-.l.‘; jals} knuwledl__y, about prior
probabilities (Dawes & Mulford 1996}

A number of apparent "|ugit:u] fallacies™ can be deduced from Ba}'t—:si:in statis-
ties for environments in which the distribution of events '\'&:.g.: P Q, and their
negations) is highly skewed {McKenzie & Amin 2002; Oaksford & Chater
1994), and from the logic of social contracts (Cosmides & Tooby 1992;
Gigerenzer & Hug 1992}

» Changing the presentation of medical/legal/others statistics in order to avoid confusion
* Changing the environment instead of making people better at following traditional

norms

» Ex: (Gigerenzer & Edwards, 2003)
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TYPE OF

INFORMATION EXAMPLES How TO FOSTER INSIGHT
Use frequency statements: "Three
Single event out of every 10 patients have a side
probabilities "You have a 30% chance of a side effect from this drug" effect from this drug"
The probability of a positive test result if the patient has the
disease (sensitivity)
Use natural frequencies, alone or
Conditional The probability of a negative test result if the patient does||te9ether with conditional probabilities
probabilities not have the disease (specificity)

The probability of the disease if the patient has a positive
test result (positive predictive value)

Relative risks

If four out of every 1000 women (age. 40 or older) who do
not undergo mammography screening die of breast cancer,
compared with three out of every 1000 who are screened,

Use absolute risks, alone or together
with relative risks: "In every 1000
women who undergo screening one
will be saved from dying of breast

the benefit is often presented as a relative risk:|cancer."

" H o/ "
Mammography reduces breast cancer mortality by 25%. Use the number needed to treat or

harm: "To prevent one death from
breast cancer, 1000 women need to
undergo screening for 10 years."

Criticisms of ecological rationality

(Boyd, 2001; Newell, 2005; Stanovich, 2003; Stanovich & West, 2003)

*= Boyd: Replication of the market experiments: unconclusive

= Newell: no indication of the degree of empirical deviation permissible from the
deterministic search, stopping and decision rules. No solid proofs of F&F superiority

= Stanovich & West:

O

a slippery concept (confusion between EEA and modern world, between
fitness and utility, inconsisten use)

Ecological rationally may be highly suboptimal (not comparing prices)

The portfolio experiment is a “pure artifact of an extraordinary short period in
the 1990s when large capitalization stocks outperformed small capitalization
stocks”

A dual process model (system 1- system 2) is a better account of human
performance.

Life is getting like the lab: in the contemporary world, we need to be able to
apply normative theories

“Smarter people” (higher on the SAT test) are more rational (in the classical
sense)
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The Rationality war: Heuristics and biases vs ecological rationality:

1

5

6

L

- (Gigerenzer, 1991) argue that (biasesare not biasesOand neuri stics are meant to explain
what does not existO(102). Errors of judgments can be Gnade to disappearOby two simple
manipulations: asking questions in terms of frequencies rather than in terms of
probabil ities and emphasizing the role of random sampling.

- (Kahneman & Tversky, 1996) replied that Gigerenzer Onisrepresents the authors'
theoretical position and ignores critical evidence (E) judgments of frequencyN not only
subjective probabilit iesN are susceptibl e to large and systematic biases.O

- (Gigerenzer, 1996) O'he issue is not whether or not, or how often, cognitive il lusions
disappear. The focus should be rather the construction of detailed models of cognitive
processes that explain when and why they disappear. O

Postscript in (Kahneman & Tversky, 1996): GBigerenzer rejects our approach for not fully
spedfying the conditions under which different heuristics control judgment. Much good
psychology would fail this crit erion (E )We believe that progressis more li kely to come by
buil ding on the notions of representativeness, availa bili ty, and anchori ng than by denying
their reality.O

Postcript in (Gigerenzer, 1996): O’ wenty-five years ago (...) Kahneman and Tversky opened
up a fertile field. Now it is time to plant theaie sO

According to (Samuels et al., 2002), the dispute is more apparent than real: (...) contrary
to appearances, there is no substantial disagreanent between [both]. (...) neither research
program denies the core claims of the other and, in many cases, it is clear that they should
and do endorse each other's core claims. (...) there is also a surpri sing degreeof consensus.
Moreover, and this has been our central theme, they do not really have any dee
disagreement over the extent of human rationali ty.

inks

http://www.mpib-berlin.mpg.de/en/forschung/abc ABC site
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