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1OO RATIONALIry FOR MORTALS

internal versus external sampling (e.g., memory versus the Internet), and the
unit size of the objects of sampling. In contrast, I will focus on the evolution
of the ideas of sampling-from the statistical toolbox to theories of mind.

I argue that the sampling tools that have been proposed and accepted as

descriptions of how the mind works were mostly those that researchers hap-
pened to be familiar with as research tools. Other tools had little chance of
being considered. Furthermore, the very idea that the mind samples infor-
mation-from memory or from the environment-became prominent only
after psychologists began to emphasize the role of sampling in their research
methods. What I hope to achieve with this chapter is not a complete tax-
onomy of sampling, but rather motivation to take a look into the toolbox and
rethink the possibilities of sampling when building theories of mind.

Who Samples?

I begin with the observation that the answer to the question of who samples
information is different in the cognitive sciences than in the fields from
which statistical sampling theory actually emerged: astronomy, agriculture,
demographics, genetics, and quality control. In these noncognitive sciences,
the researcher alone may sample (figure 7.1). For instance, an astronomer
may repeatedly measure the position of a star, or an agricultural researcher
may fertilize a sample of plots and measure the average number of potatoes
grown. Sampling concerns objects that are measured on some variable. Why
would that be different in the cognitive sciences?

In the cognitive sciences (in contrast to the natural sciences), there are

two "classes" of people who can engage in sampling: researchers and the
participants of their studies [figure 7.2).Whether and how researchers draw
samples is generally seen as a methodological question. Whether and how
researchers think that the minds of their participants engage in sampling of
information is treated as a theoretical question. The labels "methodological"
and "theoretical" suggest that both questions are unrelated and should be
answered independently. After all, what do theories of cognitive processes
have to do with the methods to test these theories?

objects

Figure 7.1: The structure of the potential uses of sampling in the
noncognitive sciences. Researchers may sample objects (such as electrons)
to measure these on variables (such as location and mass).

objects

objects
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statistical tools of Jerzy Neyman and Egon S. Pearson and their doctrine of
random sampling, Luce (tgzZ) proposed that the mind might draw random
samples and make decisions just as Neyman-Pearson theory does.

In summary, I propose that if researchers sample, they are likely to assume

in their theories that the mind samples as well. If they do not sample, their

view of cognitive processes typically also does not involve sampling. More-

over, the specific kind of sampling process that researchers use is likely to

become part of their cognitive theories.

What's in a Sample?

In the cognitive sciences, the object of sampling can be threefold: partici-

pants, objects, and variables. Researchers can sample participants, stimu-
lus objects, or variables. Today, participants are sampled habitually, objects

rarely, and variables almost never. In addition, the minds under study can

sample objects and variables. In cognitive theories, minds mostly sample

objects but rarely variables. This results in five possible uses of sampling in
psychology (figure 7.2).

My strict distinction between the cognitive and noncognitive sciences is

an idealization; in reality there are bridges. The astronomers' concern with
the "personal equation" of an observer illustrates such a link. Astronomers

realized that researchers had systematically different response times when
they determined the time a star travels through a certain point. This led to
the study of astronomers' personal equations, that is, the time that needed to

be subtracted to correct for their individual reaction times. In this situation,
the obiect of sampling was both the researchers and their objects, such as

stars (Gigerenzer et al., 19Bg).

Why Sampling?

I distinguish two goals of sampling: hypothesis testing and measurement.

Take significance tests as an example, where a sample statistic-such as f or

F-is calculated. Significance tests were already being used by astronomers

in the early nineteenth century (Swijtink, 1987). Unlike present-day psy-

chologists, astronomers used the tests to reject data (so-called outliers), not
to reject hypotheses. At least provisionally, the astronomers assumed that a
hypothesis (such as normal distribution of observational errors around the

true position of a star) was correct and mistrusted the data. In astronomy, the

goal was precise measurement, and this called for methods to identify bad

data. In psychology, researchers trusted the data and mistrusted the hypoth-
eses; that is, following the influence of Fisher, the goal became hypothesis
testing, not measurement.

Hypothesis testing and measurement are concepts taken from statistical
theory, and the obvious question is whether they are also good candidates

for understanding how the min(
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not the study of the laws of the individual mind. Danziger provided detailed
evidence that sampling of participants started in the applied fields but not
in the core areas of psychology, and in the United States rather than in
Germany, where professors of psychology were not, at that time, under pres-
sure to legitimize their existence by proving their practical usefuIness. Some
of these differences continue to prevail: Social psychologists tend to sample
dozens or hundreds of undergraduates for five to ten minutes, whereas per-
ceptual psychologists tend to study one or a few participants, each individu-
ally and for an extended time.

Convenience Sampling

In the 1920s, Ronald A. Fisher (1890-1962) was chief statistician at the agri-
cultural station in Rothamsted. Before Fisher, agricultural researchers had
little sense for sampling. For instance, in the mid-nineteenth century, the
British agriculturist James F. W. Johnston tried to determine which fertilizer
was the best for the growth of turnips. He fertilized one plot, which yielded
24 bushels, and compared this result with those from three plots without fer-
tilizer, which respectively yielded 18,21., and zq bushels of grain. Johnston
understood that turnips naturally show up to 25 percent variation from plot
to plot and that the average difference of about 10 percent that he observed
was therefore not indicative of a real improvement. What Johnston did not
understand was the importance of sample size-that this variability becomes
less and less important as the number of plots on which the average is based
increases (Gigerenzer et al., lg8g: chap. 3).

Fisher's major contribution was to unite the rival practices of scien-
tific experimentation and statistics. From Newton to Bernard to Skinner,
this connection, as mentioned, had not existed. Fisher turned the two rival
practices into two sides of the same coin and introduced randomized tri-
als to agriculture, genetics, and medicine. By way of parapsychology and
education, his ideas also conquered experimental psychology. The marriage
between statistics and experimentation also changed statistics, from the gen-
eral emphasis on large samples to Fisher's small-sample statistics. The idea
of basing inferences on small samples-as in the typical experiment-was
highly controversial. The statistician Richard von Mises (tgsz: 159) pre-
dicted that "the heyday of small sample theory. . . is already past." It was not
past, however; Fisher prevailed.

Fisher's position emphasized some aspects of sampling-sample size, sig-
nificance, and random assignment-and left out others. Most importantly,
the concept of random sampling;foom a defined population had no place in
Fisher's (1955) theory. Fisher's samples were not randomly drawn from a
defined population. There was no such population in the first place. A sam-
ple whose population is not known is called a convenience sample. Fisher's
liberal interpretation of how to sample became entrenched in psychol-
ogy: The participants in psychological experiments are seldom randomly
sampled, nor is a population defined.
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Neyman-Pearson tests is fixed, calculated from a desired probability of Type
I and Type II error, there is no fixed sample size in sequential sampling.
Rather, a stopping criterion is calculated on the basis of the desired prob-
abilities of Type I and Type II errors, and one continues to sample until
it is reached. Sequential sampling has an advantage. It generally results in
smaller sample sizes for the same alpha and power. Fisher was not fond of
sequential sampling and for the same reasons he despised Neyman-Pearson's
theory. Although sequential sampling can save time and money, researchers
in psychology rarely know and use it.

Which of these ideas of sampling have shaped psychological methods
and theories of mind? I will now discuss each of the five possibilities for
sampling in figure 7.2.

Do Researchers Sample Participants?

Do psychologists use individuals or samples as the unit of analysis? In the
nineteenth and early twentieth centuries, the unit of analysis was clearly the
individual. This changed in the United States during the 1920s, 1930s, and
1940s, when experimental studies of individuals were replaced by the treat-
ment group experiment (Danziger, 1990). The use of samples of individuals
began in the applied fields, such as education, and spread from there to
the laboratories. The strongest resistance to this change in research practice
came from the core of psychological science, perceptual research, where
to the present day one can find reports of individual data rather than aver-
ages. Nonetheless, sampling participants has largely become the rule in psy-
chology, and its purpose is almost exclusively hypothesis testing, or more
precisely, null hypothesis testing. Using samples to measure parameters is
comparatively rare.

How do researchers determine the size of the sample? Psychologists gen-
erally use rules of thumb ("2s in each group might be good enough") rather
than the cost-benefit calculation prescribed by Neyman and Pearson. For
instance, Cohen (1962) analyzed a volume of a major iournal and found no
calculation of sample size depending on the desired probabilities of Type
I and Type II errors. When Sedlmeier and Gigerenzer (1989) analyzed the
same journal 24 years later, nothing had changed: Sample size was still
a matter of convenience, and as a consequence, the statistical power was
embarrassingly low-a fact that went unnoticed.

Do researchers draw random samples of participants from a defined pop-
ulation? Experimental studies in which first a population is defined, then a
random sample is drawn, and then the members of the sample are randomly
assigned to the treatment conditions are extremely rare (e.g., Gigerenzer,
1984). When is sequential sampling of participants used? Virtually never. In
summary, when researchers sample participants, they have perfectly inter-
nalized Fisher's ideas about sampling-except that, as mentioned above,
Fisher sampled objects, not participants.
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this distribution. The goal of repeated presentation of the same stimuli is to
obtain psychological scales for subjective quantities. As Luce (1977) noted,
there is a close similarity between the mathematics in Thurstone's law of
comparative judgment and that in signal detection theory but a striking dif-
ference in the interpretation. Thurstone used random variability for mea-
surement, whereas in signal detection theory the mind is seen as an intuitive
statistician who actively samples objects (Gigerenzer & Murray, 1987). The
use of sampling for measurement has strongly declined since then, owing to
the influence of Stevens and Likert, who promoted simple techniques, such
as magnitude estimation and rating scales, that dispensed with the repeated
presentation of the same stimulus. A tone, a stimulus person, or an attitude
question is presented only once, and the participant is expected to rate it on
a scale from, say, one to seven. Aside foom research in perception and mea-
surement theory, sampling of objects for the purpose of measuring subjective
values and attitudes has been largely driven out of cognitive psychology (see

Wells & Windschitl, lggg).
As a conselluence, Egon Brunswik (e.g., 1955) accused his colleagues of

practicing a double standard by being concerned with the sampling of partici-
pants but not of stimulus objects. He argued that "representative" sampling of
stimuli in natural environments is indispensable for studying vicarious func-
tioning and the adaptation of cognition to its environment (Kurz & TWeney,
1.997). For Brunswik, representative sampling meant random sampling from a

defined population. In a classic experiment on size constancy, he walked with
individual participants through their natural environment and asked them at
random intervals to estimate the size of objects they were looking at.

Like Fechner and Thurstone, Brunswik was concerned with measure-
ment but not with the construction of subjective scales. He understood
cognition as an adaptive system and measured its performance in terms of
"Btunswik ratios" (during his Vienna period, e.g., for measuring size con-
stancy) and later (while at Berkeley) by means of correlations. He was not
concerned with repeated presentations of the same object or with random
sampling from any population, but with random sampling of objects from
a natural population. Brunswik was influenced by the large-sample statis-
tics of Karl Pearson. Pearson, who together with Galton invented correlation
statistics, was involved in an intense intellectual and personal feud with
Fisher. The clash between these two towering statisticians replicated itself
in the division of psychology into two methodologically opposed camps: the
large-sample correlational study of intelligence and personality, using the
methods of Galton, Pearson, and Spearman, and the small-sample experi-
mental study of cognition, using the methods of Fisher. The schism between
these two scientific communities has been repeatedly discussed by the
American Psychological Association (e.g., Cronbach, 1,957) and still exists in
full force today. Intelligence is studied with large samples; thinking is stud-
ied with small samples. The members of each community tend not to read
and cite what the others write. Brunswik could not persuade his colleagues
from the experimental community to take the correlational statistics of the
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the experimenter samples the variables on which participants judge objects.
One is personal construct theory (Kelly, 1955). The goal of the theory is to
analyze the "personal constructs" people use to understand themselves and
their world. George Kelly's emphasis on the subjective construction of the
world precludes using a fixed set of variables, such as a semantic differen-
tial, and imposing it on all participants. Instead, Kelly describes methods
that elicit the constructs relevant for each person. One is to present triples of
objects (such as mother, sister, and yourselfl and to ask the participant first
which of the two are most similar, then what it is that makes them so similar,
and finally what makes the two different ftom the third one.

Unlike when sampling participants and objects, situations in which a

population of variables can be defined are extremely rare. In Kelly's attempts
to probe individual constructs, for instance, the distinction between conve-
nience samples and random or representative samples appears blurred. If
the goal of the research is to obtain statements about the categories or dimen-
sions in which people see their world, then the researcher needs to think of
how to sample the relevant individual variables.

I turn now to theories of how minds sample. According to our scheme,
minds can sample along two dimensions: objects and cues (variables).

Do Minds Sample Objects?

Consistent with the tools-to-theories heuristic, the idea that the mind samples
objects to compute averages or variances or to test hypotheses emerged only
after inferential statistics in psychology was institutionalized. From Fechner
to Thurstone, probability was linked with the measurement of thresholds
and the construction of scales of sensation but not with the image of the
mind as an intuitive statistician who draws samples for cognitive inferences
or hypothesis testing. One of the first and most influential theories of intui-
tive statistics was signal detection theory (Tanner & Swets, 1954), which
transformed Neyman-Pearson theory into a theory of mind.

There seem to be two main reasons for this late emergence of the view
that the mind actively engages in sampling. The first is described by tools-
to-theories: Only after a combination of Fisher's and Neyman-Pearson's
statistical tools became entrenched in the methodological practices of psy-
chologists around 1950 did researchers begin to propose and accept the
idea that the mind might also be an intuitive statistician who uses simi-
lar tools (Gigerenzer, 1991). The second reason is the influence of Stanley
S. Stevens, who rejected inferential statistics as well as Thurstone's concern
with variability and probabilistic models. For instance, in the first chapter of
his Handbook of Experimental Psychology (rosr: 4447), Stevens included
a section entitled "Probability," the only purpose of which seems to be warn-
ing the reader of the confusion that might result from apptying probabitity
theory to anything, including psychology. He was deeply suspicious of prob-
abilistic models on the grounds that they can never be definitely disproved.

Like David Krech and Edwin G- B
psychologists who are determinis

Yet many current theories in cr

incorporate any models of sampl

experimental tasks lay out all otit
exclude information search infl
theories with a b-tind spot fu II
tlley stop*This in turn creates al
mind does and does not sarnFle,I
ary reasons to reiy only on a *d

When ls lt Adaptive Not to gmPlc)

Although Skinner did not sampL

about operant conditioning r:an

pling. Specifically, this interpreft
ment schedules, where an indiri
as pecking in pigeons and he88i

about consequences (such as fut
ing were designed to be generall
and responses. This assumption
esis. Similarly, after Thorndike fo
strings to escape foom puzzle bo
trial and error and hoped that thi
stimuli were equal, minds should
able to learn from experience- Il
also implicit in many recent rersi
Roth, 2oo1). Consider 1Yffiam Ed
Skinner's ideas in the language d

All stimulus elements are s
probability of a response at r
elements... connected to iL--.
elements sampled by the orgn
reinforced on that Eial.

Is the assumption of the eguirli
rect? Are there stimulus obiect t
sample? ]ohn Garcia is best hm
hypothesis. For ilsfanc€, he shor
avoid flavored water when it is ff
even when the nausea ocflrrs tr
great diffrculty learning to ar-oid
paired with an electric shock irnn

:'Bom the evolutiona4y vier,
designed by natural selectimrl
idly but not others. Fmm a rr



sen IBJ or{} '}ulod^aorl 8u1u.rue1 IEuor}IpBr} B ruord 'srar{}o 1ou 1nq.,(1pr
-de.r suolleroosse S1-SD uleuac rrrroJ ol uorpalos Prnleu t(q pau8lsep
oulqoeru 3u1uree1 paserq B sI lpr oql 'meyr ,fteuopnlone o{} ruoJd

:8uqse1 ar{} ragp z(lalerpeurrur {Dor{s clr}calo ue q}y\ perred
.(lpaleodor sT ]I uaq^a ralB^ poro^Bg oq] pro^B o1 Eulureel ,Qpcg;rP ]ee.r8

sprl ]BJ orlles oq] 'ro^alaoH 'Ja]el sJnoq olv\] srr133o eosneu oql ual{,/\a uo^o

'eosneu poonpur f,lplueurrredxa .(q pem,o11oJ sI 1I uoq^a rale^a poro^Eg pIo^E

o1 ureal ueo ]BJ E lerrl a18urs e ur ]Bt[] pox\oqs aq 'ecuelsul Jod 'slsaqlodr{q

flrpquelodrnba aI{} Jo o8uelpqc sFI IoJ u^aolr{ }soq sI BI3rB3 uqof leldures
]ou plnor{s pue }ou saop ursrue8ro uE }eq} spe[qo snprul]s arotl] ar17 i]cor
-roc Surldues uI slce[qo snlnru11s Jo oouale^rnbe eq] 3o uoqdurnsse or{} sI

'lBrrl }eq} u0 po3roJular

esuodse.r aql ol paloauuoD orrroDaq rusrue3.ro oI0 
^q 

peldures sluoruala
snlnrups IIB IErJI uorlrsrnbce fue uO " "]I o] po]3ouuoc "'s]uotualo

;o uoqrodord aql o1 pnba sr arup z(ue 1e osuodser e 3o ,firyqeqord
oq] pue peldures oe o1 fln{ll ,(1pnba are s}uoruolo snlntups 11Y

:Surldures go eSenEuBI or{} ur seapr s.rouupls

olelnrrrroJ o1 lsrg aq] Jo auo '(66t :6q6I) salsf, rrreIII A roplsuoD '(f OOZ 'qlo5
B Aorf, "8'o) EuruJeal luaruacroJuroJ Jo suolsral ]uacoJ fueur ur lrcrldrur osp
sr lenba are rlnrups IIE ler{} uorldrunsse oql 'ecuarradxo ruor; ureol o} alqe

oQ o1rapro ul uorleuroJul aldrues sr(errnp ppol{s spurur'pnba oJa^a rlntuus

11e;1 'Eurureol Jo ^ael leraua8 e eq ppo^a slr{} }Er{l pedoq pue rorra pue lerr}
fl(q srncco Surureel ]Br{} popnlDuoD oq 'saxoq alzznd ruoq adecsa o} s8ur4s

1pd ol Eulureal uI 
^aoIS 

orom slBO ]Er[] punoJ a{rpurotlJ rage'flrelrurs 'srso

-qlodr(q iyprquaqodrnba oq] sp u^aou{ sr uorldrunsse sTqJ 'sasuodser puu
rlnuqs IIe roJ onr] ploq o] 'sI1eq1 'asodrnd-preua8 oq o1 pau8rsop erem. 3u1

-uoqrpuoo lueredo Jo slvrel s,rouupls '(pooJ se qcns) secuanbesuoD ]noqe
uolerrrroJul saldrues pue (uarppqc ur 8u183eq pup suoa8rd ur Surlced se

qcns) rorleqoq B sllqF{xo dlpoleeder lenpr^rpul uP orar{^ '.salnpar{rs }uoru
-aDroJuTar olqerrul slq l(q po]rlur sI uo11e]ordralu1 syql '.,{lpcgrcadg '3u11d

-rues uoqerrrJoJul go froeq] E se uaos aq ueo Euruorlrpuoc luerado ]noqe

^ 
oIA slq 'aroJoq pauoquour se 'suoa8rd eldrues ]ou p1p rauuDIS q8noqtlV

2a1dwo5 ot loN eNtdqpv u q uaqlfi

'uollelrosqo a13urs e uo .(1uo z{14.r o1 suosee.r l(.re

-uorlnlolo aq tq8yu arot[l uoqm Eutpnlcur 'aldues ]ou soop pue saop pu1ur

or{} qortl^ uI suol]Bn1rs o{} .rog }ods pullq E sa}Earc urn} uI srq; 'do1s feql
uoq^a pue uorleruroJur aldrues eldoad 

^aol{ 
roJ lods puqq e q}y\^ salroaq}

anpguSoc oleoro o1 spuol sq; 'oDEId lsru aq] q rlcJeas uoperuJoJur opnloxa
z(qeroql pue sluedrcrlred or{} Jo }uoq ur slcalqo IIe }no de1 o1se1 plueul.radxo

lsour 'uolssgrro sI{} q}yv\ }ua}srsuo3 'Eurldures Jo slaporu fue elerodrocul

lou op 11r1s d8o1oqc,(sd Iercos pue olrlruSoo ur sorJoaq] luoJrnl fueur 1e1
']Jeor{ }E s}srurrrJo}ap oJB or{^a slsrSoloqcz{sd

Jo uorlrperl Suol B ur spuels sualals 'Surrog '3 uI/\ p[ pue tlJor) pr^EC o{r'I

LLL Z]IdINVS V NI S.IVHM

'pezr.ordsrp ,(1a1rugap aq ra-\au m
-qord ;o snorcrdsns .(1daep se-rt al
flrlrqeqord Eurdldde uo.g lfnsar
-uJEI oQ o1sruaos rlorquJo ffiodr
popnlour suo^als' (tv-tt :I961)
go relduqc ]srg aql ur'af,ue1su1ro
urocuos s,auolsmqJ sE lla-tt sB s
,(a1ue1g Jo oouangnl aW sI uosu
-TruIS =S_ASn oql4. rrelsflsrlEls a.rql
oq] ldaDDB pue asodord ot uda
-,(sd go socllcurd pcrSolopo{lau
s.uosJBod-ueurr{a1q pue s.raqsu
-slool .(q paqrrcsap sr gsrg aq1 {

^aor^ 
or{} Jo "r"n1::",:y:T PuruJo.uHD'

r{Jlrp\ '(tg6t 'slarng ry rauue$
-FluI Jo sorroarf] let}uanEu! Is[
sacuatatw anlruSoc ro5 saldues r

ar{} Jo aSeurr aq} qlrrl }ou tnq E

splorlsorq] Jo luoluaJnsBatu a[[|
Jourlsod rrroJd'pazr[Euoqn]gsu-r !
,(1uo peS.raura sasarpod^iq lsal ot.
saldrues pupr aql ler11 Eapr aqt -r!

'(salqerren) sanr pue
'euraqcs Jno o] Supro:r1



112 RATIONALITY FOR MORTALS

an unbiased learner able to make any association in accordance with
the general principles of contiguity, effect, and similarity (Garcia y
Robertson & Garcia, 1985: 25).

The evolutionary rationale for one-trial learning as opposed to sampling
stimulus objects is transparent. Learning by sampling and proportionally
increasing the probability of response can be dangerous or deadly when
it comes to food, diet, and health. To avoid food poisoning, an organism
can have a genetically inherited aversion against a food or a genetically
coded preparedness to learn a certain class of associations in one or a few
instances.

Genetically coded preparedness shows that sampling cannot and should
not be an element of all cognitive processes. Rather, whether an organism
samples (a so-called bottom-up process) or does not (a top-down process)
largely depends on the past and present environmental contingencies.
A mind can afford to learn some contingencies but not all-sampling can be
overly dangerous. One-trial learning amply illustrates the adaptive nature of
cognitive processes, which codes what will be sampled and what will not.

Convenience Sampling

One class of models developed after the inference revolution assumes that
the mind samples information to test hypotheses, just as researchers came
to do. Consider the question of how the mind attributes a cause to an
event, which has been investigated in the work of Piaget and Michotte. In
Michotte's (1946/1963) view, for instance, causal attribution was a conse-
quence of certain spatiotemporal relationships; that is, it was determined
"outside" the mind and did not involve inductive inference based on sam-
ples of information. After analysis of variance became institutionalized in
experimental psychology, Harold Kelley (1907) proposed that the mind
attributes a cause to an event just as researchers test causal hypotheses:
by analyzing samples of covariation information and calculating F-ratios
(F for Fisher) in an intuitive analogy to analysis of variance. Note that the
new ANOVA mind used the tests for rejecting hypotheses while trust-
ing the data, parallel to the way researchers in psychology use ANovA.
If Kelley had lived a century and a half earlier, he might have instead
looked to the astronomers' signifi.cance tests. As pointed out earlier, the
astronomers assumed (at least provisionally) that the hypothesis was cor-
rect but mistrusted the data. If this use of sampling had been taken as arr
analogy, the mind would have appeared to be expectation-driven rather
than data-driven.

Kelley's causal attribution theory illustrates how Fisher's ANOVA was
used to model the mind's causal thinking, assuming that the mind uses con-
venience samples for making inductive inferences about causal hypotheses.

As clear as the distinction between convenience and random sampling
is in statistical theory, it is less so in theories that assume that the mind
samples objects. Is the sample of people a tourist encounters on a trip
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Mate search is essentially sequential for humans, although there are
female birds that can inspect an entire sample of males. lined up simulta-
neously. Since sequential sampling has never become part of the statistical
tools used by researchers in psychology, one might expect from the tools-
to-theories heuristic that minds are not pictured as performing sequential
sampling either. This is mostly but not entirely true.

Cognitive processes that involve sequential sampling have been modeled
in two different ways: optimizing models and heuristic models. Optimizing
models are based on Abraham Wald's (tg+z) statistical theory, which has
a stopping rule that is optimal relative to given probabilities of Type I and
Type II errors (e.g., Anderson, 1990; Busemeyer & Rapoport, 1g8B). Many of
these models have been applied to psychophysical tasks, such as judging
which of two lines is longer. In the case of a binary hypothesis (such as line
A or B;marry or not marry), the basic idea of most sequential models is the
following: Thresholds are calculated for accepting one or the other hypoth-
esis, based on the costs of the two possible errors, such as wrongly judging
line A as larger or wrongly deciding that to marry is the better option. Each
reason or observation is then weighted, and sampling of objects is contin-
ued until the threshold for one hypothesis is met, at which point search is
stopped and the hypothesis is accepted. These models are often presented
as as-if models, the task of which is to predict the outcome rather than the
process of decision making, although it has been suggested that the calcula-
tions might be performed unconsciously.

Heuristic models of sequential sampling assume an aspiration level rather
than optimization. Their goal is to model the process and the outcome of
judgment or decision making. For instance, in Herbert Simon's (1gSS) mod-
els of satisficing, a person sequentially samples objects (such as houses or
potential spouses) until encountering the first one that meets an aspiration
level. In Reinhard Selten's (2001) theories of satisficing, the aspiration level
can change with the duration of the sampling process.

Can sequential sampling ever be random? In statistical theory, the answer
is yes. One draws sequentially from a population until the stopping rule
applies. In the case of mental sampling, it is much harder to decide whether
a sequential search process should count as random. Consider for instance,
a satisficer who sequentially encounters potential spouses or houses until
finding one that exceeds the aspiration level. In most cases, the sequential
sample will be a convenience sample rather than a random sample from a
defined population.

The relative rarity of sequential sampling in models of the mind goes
hand in hand with the preference experimenters have for tasks that do not
provide an opportunity for the participants to sample objects: All objects are
already displayed in foont of the participant. Few experiments address the
questions: (i) When does the mind sample simultaneously versus sequen-
tially? [ii) Is there an order in sequential search; that is, is the search random
or systematic? (iii) How is sequential search stopped; that is, what deter-
mines when a sample is large enough?
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What's in a Sample?

Shakespeare has Juliet ask, "What's in a name?" What's in a name uncovers
what the name means to us, and by analogy, what's in a sample reveals what
sampling means to us. The taxonomy proposed in this chapter distinguishes
two subjects of sampling (experimenter versus participant), two purposes of
sampling (measurement versus hypothesis testing), three targets of sampling
(participants, objects, and variables), and four ways of how to sample {N= 1,
i.e., no sampling; convenience sampling; random sampling; and sequential
sampling). As in Brunswik's reptesentative design, these dimensions do not
form a complete factorial design; for instance, participants do not sample
participants. Among the logically possible uses of sampling, some are real-
ized in practice, whereas others are not or are only realized by a minority.
Is the resulting picture of the actual uses and nonuses of sampling one of
chaos, orderly chaos, or reasonable choice? Is the overreliance on Fisher's
convenience sampling in methodology a good or bad thing, and is the rela-
tive neglect of sequential sampling in both methodology and cognitive the-
ories realistic or unrealistic? Why is so little attention paid to the mind's
sampling of features?

Whatever the reader's evaluation, a toolbox can open one's eyes to the
missed opportunities or blind spots of sampling. There may be other paths
to a toolbox of methods for sampling; the present one has a deliberate bias
toward the evolution of the various ideas of sampling and the intellectual
inheritance we owe to competing statistical schools. This historical window
allows us to understand the current patchwork of sampling in both method-
ology and theory along with the possibilities of designing new theories of
mind that overcome the historical biases we inherited.

A 30 Percent Ch

Predicting weather is an age'old
warfare, and outdoor sporting a
one of Ferrari's most-discussed d
because reliable forecasts are ke

ning the race. Over most of humr
snow) were given in a determini
sometimes modified b1' "it is lil
ever, the advent of computers tu
(Shuman, 1989) and later influer
to the public. In 1965, American
probabilities of precipitation in
Steadman, 1996).

But how does the public un&
1980, Murphy, Lichtenstein. Fisc

ity of 79 residents of Eugene. Ol

stood" what "a precipitation pro
authors concluded that the real
misunderstanding of probabiliti
the probabilities refer" (ltlurphy
the National Weather Senice ini
Iic in this regard and to studr
forecasts.

Our investigation starts rsher
their study in two respects- Fixsil"

countries-three of rvhich hare

This chapter is a rerised rersrm
B. Fasolo, and K. V. KatsikopouJos-
the Pubiic Understaad Probabili*
623-629; reprinted with kind prrmi!


