xii Rational Choice in an Uncertain World

Now we offer a word about format. We have avoided footnotes; subor-
dinate explication and commentary has been incorporated into the text. For
the most part, page number citations in the text are not necessary, as it is
easy to identify the relevant material from the authors’ names alone, We
have attempted to rely on sources that discuss basic ideas in a nontechnical
manner. When we refer to material that is presented elsewhere in this book,
we provide section headings that point to a section within a chapter (e.g., a
reference to Section 3.4 points to marerial in the fourth section within the
third chapter).

We are intellectually and emotionally indebted to too many colleagues
and friends to dare list their names, for we would surely neglect someone
important and deserving. Our agent, Gerard McCauley, reluctantly accepted
our plea for help in navigating the shoals of the rextbook publishing busi-
ness. We probably have no idea how much we owe to him. We would like
to thank Andrew Hastie for his excellent work in constructing the graphics

in this edition of the book and the Templeton Foundation for its financial
support,

—Reid Hastie and Robyn M, Dawes

Thinking and Deciding

Life is the art of drawing sufficient conclusions from insufficient
premises.
—Samuel Butler

1.1 Decision Making Is a Skill

Humans today evolved from ancestors _E:.n_nah_.m of &o:mmsﬂ_m of years u%w
who lived in small groups and spent most of their ?.m.r.:m hours moﬂ_»m:__nm wm
sustenance. When we weren’t searching m.On something to eat or drin n, o,wm.
were looking for safe places to live, nroom:u.m mates, u:.n_ m,_.oﬂmn:::mcwm o
spring. Our success in accomplishing these .Mz_.;.:.m_. Ewr,w arose e
distinctively acute senses or especially wos...wls._ c_:.m_nm__gvmn_:nm.a ap. o
inate this planet today because of our distinctive capacity mm: m_Hx.u w. owmcaw.
making. This same skill has allowed us to leave the planer, or _._M wmm c:w
but, of course, the skill has allowed us to develop amn::o_.cm_nm n:_, . —fm_ M "
that could render the planet uninhabitable if we make a few really ba ec
sions. Human beings have an exceptional ability to choose appropriate
ieve their ends.
Bnm.ﬂmmmﬂﬂwh__m is about decision making, but it is not u..vo.: .:&E. to n_g_wwmww
rather, it is about how we choose. Most of n.ra r,o:n_:m_o_.a in this wo.w ol-
low from research conducted by vmv‘nro_om_maw. economists, and _v._o omm_ma
about how people actually make choices and n_mn_m_c_.um.luncm_a B..Hm_:m _...os.n
medical and financial experts to college student participants in psychologica
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experiments. The important finding is thar diverse people in very different sit-
uations often think abourt their decisions in the same way. We have a com-
mon set of cognitive skills that are reflected in similar decision habits. But we
also bring with us a common set of limitations on our thinking skills that can
make our choices far from optimal, limitations that are most obvious when
we must make judgments and decisions that are not like those we were
“selected” to make in the ancestral environments in which we evalved.

Our decision-making capacities are not simply “wired in,” following
some evolutionary design. Choosing wisely is a learned skill, which, like any
other skill, can be improved with experience. An analogy can be drawn with
swimming. When most of us enter the water for the first time, we do so with
a set of muscular skills that we use to keep ourselves from drowning. We
also have one important bias: We want to keep our heads above water. That
bias leads us to assume a verrical position, which is one of the few possible
ways to drown. Even if we know better, in moments of panic or confusion
we attempt to keep our heads wholly free of the water, despite the obvious
effort involved compared with thar of lying flat in a “jellyfish float.” The
first step in helping people learn to swim, therefore, is to make them feel
comfortable with their head under water, Anybody who has managed to
overcome the head-up bias can survive for hours by simply lving face for-
ward on the water with arms and legs dangling—and lifting the head only
when it is necessary to breathe (provided, of course, the waves are not too
strong or the water too cold). Ordinary skills can thus be modified to cope
effectively with the situation by removing a pernicious bias.

This book describes and explains these self-defeating thinking habits, and
then suggests other strategies that will improve the decision maker’s skill.
This approach reflects the spirit of Benjamin Franklin, whose letter of advice
about a pressing decision to his friend Joseph Priestley (1772) began, “I can-
not, for want of sufficient premises, advise you iwhat to determine, but if you
please, I will tell you bow.” We will describe pernicious modes of thought in
order to provide advice about how to improve choices. But we will not sug-
gest what your goals, preferences, or aspirations ought to be when making
these choices. The purpose of this book is not to improve tastes, or prefer-
ences, or ethics—nor to provide advice abour how to implement decisions
once they have been made. Likewise (unlike many other books written on
this subject), this book does not offer advice about how to feel good about
yourself. Rather, our purpose is to increase skill in thinking about decisions
and choices. In addition, to better understand the decision process and to
identify the situations in which our choices are less than optimal, we intro-
duce a second perspective on decision making, namely analyses of the nature
of rational decision processes by philosophers and mathematicians.
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1.2 Thinking: Automatic and Controlled

What is thinking? Briefly, it is the creation of mental _,m_:nmn._ﬁu:o:m o._n Mrun
is not in the immediate environment. Seeing .w m.nm.n...s wall is :,9 Mr% _,:.m.
however, imagining whart that wall would be ES. if it were Rﬁ:ﬁg ! ue __wn
Noting that a patient is jaundiced is not n‘_:.dr._:: _iucﬁ_._nz,mr_“.m that _“gﬁ
patient may suffer from liver damage is. Noticing .%.,: a stoc mﬁ_ﬂ_nwﬂ:“
dropped is not thinking, but inferring the causes of that drop and deciding
: stock is.
% M”._ _M”mewamr Bartlett, whose work 50 vears ago :w_cm.a create :En.—w cm
what is now termed cognitive psychology, .%m:»d thinking as ﬁ_..m_ M“,i m 0
“filling gaps in evidence™ (1958). Thinking is probably 7mm~.nc.:8_:m 0 mM
an extension of perception—an mﬁc:mmo.: thar m:.c,...w us to fill _.: ,ﬂ e m.m_cm ,_ﬁ-
the picture of the environment painted in our _:___aw by o:H ﬂ?mm.u:; mﬂm
tems, and to infer causal relationships and other important m c..n .E.nam
those environments. (For example, Steven Pinker :mw.\u._ ?.o,,._n.*,nv an ._:mﬂ.m:n.
tive analysis of the assumptions that we must be using as sz...:_womm to
“infer” a mental model of our three-dimensional world based on our frag-
entary two-dimensional visual percepts.) .
Bp%”,“wsﬂw_:f there are basically two types of H_,_..u.:mrﬂ pProcesses: mM:o.Em:n
and controlled. The rerms themselves imply the n__:..w_.o:,.x.. Pure association
is the simplest type of automatic thinking. Something in the e:;.:..ow_:mnm
“brings an idea to mind,” or one idea w:wmmwa M.zcn_..:wr ora :8:6“(. M o_.:.
English philosopher John Locke (1632-1706) ?.V::ma oc_ﬂ_, &3:m~ o_= #
thinking is associational. At the other extreme is controlle . o:ma ,_
which we deliberately hypothesize a class of o_u_wn?. or experiences an ﬁ_a_mm
view our experiences in terms of these hypothetical _...omm_v___.:mm. Oo.z_ﬂm e
thought is “what if” thinking. ,::... _“_.m:n_,, .v&.nr.o_om_mﬂ Hpm: ! Zmﬂ
(1896-1980) defined such thinking as “formal,” in .5._.:07 reality is ,,Mn%m
as secondary to possibility.” Such formal %o:m_..ﬂ s .c::. one type o ro,=.
trolled thinking. Other types include visual imagination, creation, and sce-
io building. .
:n:,n.w ﬂ“mh_:mmmwr between these two broad categories of %Er._:m. we _”,»:
give an example. Many of our clinical colleagues who practice vm‘(..n_:.: nﬂ-
apy are convinced that all instances of child m_q:.ma. no mater how »m.q_ _J the
distant past and no matter how safe the child is at the time of disc .c,,::_.n.
should be reported, “because one thing we know about child abuse is that
no child abusers stop on their own.” How do they know that? They may
have treated a number of child abusers, and of course none of those ﬂrnw.
have seen have stopped on their own. (Otherwise, our mc__ﬁ”um:nm Eo:._a: t
be seeing them.) The image of what a child abuser is like is automatically
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associated with the abusers they have seen. These known abusers did not
“stop on their own,” so they conclude that all child abusers do not. The con-
clusion is automatic.

These colleagues do in fact have experience with abusers. The problem is
that their experience is limited to those who have not stopped on their own,
and since their experience is in treatment settings, these abusers cannot by
definition stop without therapy. Abusers who have stopped on their own
without therapy do not enter it and would be unlikely to identify themselves.
They are systematically “unavailable.” Or consider clinical psychologists and
psychiatrists in private practice who maintain that low self-esteem “causes”
negative social and individual behavior. But they see only people who are in
therapy. People who engage in negative behaviors and don’t feel bad about
such behaviors don’t voluntarily seek out therapists. (And therapists in coer-
cive settings, such as residential treatment programs for severe juvenile delin-
quents, do not report that their clients have low self-esteem; in fact, it is often
the opposite.) Thus, most people seen in voluntary treatment settings have
engaged in negative behaviors and have a negative self-image. Therapists con-
clude that the self-image problem is at the basis of the behavior, It can just as
easily be concluded, however, that the self-image problem leads people to
therapy, or even that the negative self-image is valuable to these people
because otherwise they would not be motivated to change their behaviors.

Controlled thinking indicates that the logic of this conclusion is flawed. A
critic pointing out the flaw in his or her colleagues’ reasoning does not do so
on the basis of what comes to mind (the clients he or she is seeing), but quite

i

literally pauses to ask “what if?” Such thinking corresponds to Piaget's def-
inition of formal. The sample of people who are observed (child abusers who
have not stopped on their own| is regarded as one of two possible sets, and
the psychotherapist does not have the people in the other set available for
observation. The playing field is not level when such logical specification of
all possibilities is pitted against automatic thought. In these examples and
many others that follow, the logical conclusion of “don’t know™ is sup-
ported, much to the distress of some readers. Bur it is better to know what
we don’t know and to deliberately seek more evidence on conclusions that
are important, when we don’t know.

The prototype of automartic thinking is the thinking involved when we
drive a car. We respond to stimuli #or present in the environment—for
example, the expectation that the light will be red before we get to the inter-
section. Our thought processes are so automatic that we are usually unaware
of them. We “steer the car” to reach a desired position without being aware
that what we are doing is turning the steering wheel a certain amount so that
the car will respond as we desire. It is only when we are learning to drive

C
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chat We are aware of the thought processes involved, and in fact we have
Jly learned to drive only when we cease being aware of them. While much

re _ - s hres ions
riving involves wiotor programs as opposed to 71e ntal representations,

c.n...:..:..n:_i?v do “think.” This thinking is so automanc, however, that we
M‘p: carry on conversations at the same time, listen to ::_m_r,, or even create
._\cu.n or music in other parts of our head. When automatic 1::?:% occurs
.n: less mundane areas, it is often termed intuition (€.8., we admire the intu-
“nrd wisdom of a respected physician, mechanic, or ._:_m:.g.cu,m _2%1. -
: [n contrast, a prototype of controlled thought is scientific reasoning. //.:__.m
the original ideas may arise intuitively, they are m:—,.._.nr,za to rigorous invest-
4ion by consideration of alternative explanations ot %f.. wrnmc‘_:m:m F.:w ideas
MM«.B to explain. (In fact, one way of characterizing ?umﬁ s .:r.u of ::...:u_
ﬁ—aof_mrﬂ is that it is scientific thinking applied to everyday m::u:a:...” Q;...EE@
Q\E&E:.:.u are considered, and most 3.:::: are systematically eliminated
by observation, logical reasoning, or experimentation. wey ke
gorical instances of ideas later regarded as correct being ,.wr.:::.,:a as a 19::.
of POOr experimentation; Schroedinger’s equations describing the behavior of
che hydrogen atom are an example. The physicist Paul Dirac r.:mq commented
ghat Schroedinger had paid too much attention to the experiments, and not
exrough to the intuition that his equations were “beautiful.”)
B Occasi nally, the degree to which thinking is automaric rather 15:, r.oa.
grolled is nor clear until the process is examined carefully. The v::u:c: is
geade more complicated by the fact that any significant intellectual ..F._:nmm.
~ gEent is 2 mixrure of both automatic and controlled thought processes. For
eXample, bysiness executives often claim their decisions are “intuitive,” but
when Questioned reveal that they have systematically “thought through™ the
EElevan ;e pparives quite deliberately before deciding which “intuition™ to
BBONOr, 4 he other extreme, the thinking of chess grandmasters has been

SOWN 15 he much more automatic than most of us novices believe it to be.
3 .

iHowever, there are his-

OVeme. camera, it often shows that the grandmaster looks at the best move

€N a grandmaster’s visual search across the chess board is traced by an eye
Then, the subsequent eye movement pattern indicates the grandmaster 1s
R In.w out alternative possibilities—most often only to come back to the
Binal 1nd best one. Moreover, the grandmaster is not distinguished from the
....w exgert by the number of moves he or she “looks ahead”; the eye camera
& SAtss that both experts and grandmasters look ahead only two or three
"YEs, with 2 maximum of five. In addition, masters and grandmasters can

> M . S - Tal r i =%
k atamid-game position in a typical chess match for 5 seconds and then

T 1 ) el (™ m E

\ Sdez it almost perfectly. But mere experts and novices cannot do that.

¥ 5 e who has been tested can do it for picces randomly placed on the

fd, dmonstrating that the ability is not due to a general skill for visual




6 Rational Choice in an Uncertain World

memory per se.) The conclusion is that grandmasters have a superior under-
standing of the “meaning™ of positions in sensible chess games, that in 5 sec-
onds they can automatically encode entire patterns of pieces as being ones
familiar to them, and that they know from experience (estimated to require at
least 50,000 hours of practice for master-level players) what constitutes good
and bad moves from such patterns. As Herbert Simon and William Chase
(1973) summarized their findings, “The most important processes underlying
chess mastery are .. .immediate visual-perceptive processes rather than the
subsequent logical-deductive thinking processes.” Such immediate processes
are automatic, like the decision to brake to avoid a collision.

One fundamental point of this book is that we often think in automatic
ways when making judgments and choices. These automatic thinking
processes can be described by certain psychological rules (e.g., heuristics),
and they can systematically lead us to make poorer judgments and choices
than we would by thinking in a more controlled manner about our decisions.
This is not to say that deliberate, controlled thought is always perfect, or
even always better than intuitive thought. In fact, we hope the reader who
finishes this book will have a heightened appreciation of the relative advan-
tages of the two modes of thinking and when to trust one or the other.

1.3 The Computational Model of the Mind

There has been a modest revolution in the sciences of the mind during the
past half-century. A new field has emerged, named cognitive science, with a
new conceptual paradigm for theorizing about human thought and behavior
{(Gardner, 1985; Pinker, 1997). The compurational model of the mind is
based on the assumption that the essence of thinking can be captured by
describing what the brain does as manipulating symbols. (Note that we say,
“the essence of thinking.” We do not mean to imply that the brain itself lit-
erally manipulates symbols.) The computational model is obviously inspired
by an analogy between the computing machine and the computing brain, but
itis important to remember that it is an analogy. The two devices, brains and
computers, perform similar functions, relating inpur informarion to output
information (or actions) in an amazingly flexible manner, but their internal
structures are quite different (most obviously, electronic circuits and biolog-
ical neurons operate quite differently).

The central concept in the notion of a computational model is the manip-
ulation of symbolic information. Perhaps the classic example of a cognitive
process is the performance of a mental arithmeric task. Suppose we ask you
to solve the following addition problem “in your head”: 434 + 87 = 23?
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If we asked vou to think aloud, we might hear something like the follow-
ing: “Okay, I gotta add those numbers up, uh ... 4+ 7, that's 11. .. write
down the 1, and let’s see, carry the 1...ummmm...so 3 + 8 equals 11,
again, but I gotta add the carry, so that's 12, and uhhhh . .. write down the
2 and | gotta carry a 1 again. Now 4, that’s 4, but I have ro add the carry,
which was 1, so that's 5, write down the 5. So, that’s 521. Does that look
okay? Yeah, the answer is 521.7

..»“:o%ﬁ. controlled, deliberate method that one of us (Dawes) uses is to
swork down” from the highest multiples of 10, while making a list of
“remainders” in “another part of the head.” Thus, 434 + 87 is equal to
400, with 34 and 87 remaining. The 87, being larger, is artacked first as
100 minus 20, with a 7 left over. So we now have 400 + 100 - 20 = 480.
We now attack the 34, which is larger than the other remainder of 7. It is
basically 20 + 10, with a remainder of 4. Because we are already 20 short
of 500, we reach it with a remainder of 10 + 4, to which we add the pre-
vious remainder of 7 to obtain 21. The answer is 521. While the second
algorithm may appear complex upon first being stated, it has the advan-
tage of avoiding silly errors that lead ro large mistakes (e.g., as a result of
not “aligning” what is to be “carried over”). But a little bit of practice can
also lead to the type of speed that absolutely amazes people who don’t
know the method.

The point is that either of these compurational strategies is a good illus-
tration of whar we mean by symbol processing: Information goes into your
brain through the eyes (or another sense organ); it is converted to some kind
of internal, symbolic code, that retains the essential information from the
digits; and then we perform mental operations to compare, manipulate, and
transform that information, including combining the information from the
external problem with our knowledge of arithmetic facts and algorithms we
have learned in school. When we believe we have achieved the goal we set
for ourselves when we started thinking about the problem, we respond to
report the answer. The “amazing flexibility” of thought processes is illus-
trated by the dramatic differences in the two sequences of thought, which
solve the same problem and produce the same final response. {Without some
measure of the interior cognitive processes, like the think-aloud reports, it
would be impossible to distinguish between the two strategies. To a large
extent, this is the primary task of cognitive psychological researchers—
scientifically identifying the hidden thought processes that occur “under the
hood,” in our heads.)

It was tempting to try to create a theory of performance of cognitive rasks
by summarizing the contents of think-aloud reports as a sequence of pieces of
information (e.g., “the sum for the rightmost column is 11”) and operations
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on that information to create new information {e.g

the sum of two digits in vour long-term memory of arithmetic facts).

However, such a theoretical endeavor was unsuccessful unril we had an
appropriate theoretical language in which to express all these complex repre-
sentations and operations,

The “cognitive revolution” in psychology really got under way {in the
1960s) when the first computer programming languages were applied to the
task of summarizing and mimicking the mental operations of people per-
forming intellectual tasks like chess playing, logical deduction, and mental
arithmetic. For example, the studies of grandmasters’ chess-plaving skills we
mentioned above were part of a research program at Carnegie Mellon
University aimed at describing human cognitive skills {including novice and
expert levels) precisely enough so that computational models could be writ-
ten in computer programming languages to simulate and compete with
human players. As Newell and Simon (1972) put it,

The programmed computer and the human problem solver are both species
belonging to the genus “Information Processing System.” . . . When we seck to
explain the behavior of human problem solvers {or computers for that matter),
we discover that their flexibility—their programmability—is the key to under-
standing them. Their viabiliey depends upon their being able to behave adap-
tively in a wide range of environments. ... If we carefully factor our the
influences of the task environments from influences of the underlying hard-
ware components and organization, we reveal the true simplicity of the adap-
tive system. For, as we have seen, we need to postulate only a very simple
information processing system to account for human problem solving in such
tasks as chess, logic, and cryptarithmetic. The apparently complex behavior of
the information processing system in a given environment is produced by the
interaction of the demands of that environment with a few basic parameters of
the system, particularly characteristics of its memories. (p. §70)

Many aspects of human thinking, including judgment and decision
making, can be caprured with computational models. The essential parts of
these models are symbols (e.g., a theoretical representation of the idea of
“yellow,” or “pawn,” or “11”) and operations that compare, combine, and
record (in memory) the symbols. Thus, in the chess-playing example, sym-
bols represent the board; the pieces; the rules; and at more complex levels,
goals and strategies to win. One of the fundamental and ongoing research
projects in cognitive science is to conduct an analysis of the contents of
these representations, to describe the natural “mentalese” in which we
think and to relate it to the biological substrate in which it must be imple-
mented (e.g., Pinker, 1997, 2007). For purposes of the present book, we can

- “plus™ means looking up
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rudimentary descriptions of mental acwnnmm:n‘:ozw m.n order :w char-
i b he “knowledge” part of cognitive models of decision processes.
i ﬂrmmq _Z: of the cognitive theory is a description of the elementary
i " ﬂo: ?..Onmmf..w n_::( operate on the representations to store them,
_:mc::m. hem. and transform them in productive thought. It is very impor-
novaanﬂnom:me that most of these operations are unconscious. .&::owmr
”MM_“_”M aware of (and can report on} some aspects of nom:”m,.w._u.nomww:w
mostly the symbolic products of r_.ﬁ_.a.o: processes mzn,_. m.mA t m. _mm% %m. o
mental arithmetic, most of the cognitive system is :_f.u_.:r:_u_:? _. ! ._:me..a-
insight from cognitive science is that we 2:.1::_,. of intellectua ;wro neve
ments, like judging and deciding, as computation and H_::. no_dv:ﬂmromm can
be broken down into symbolic representations and cvm::_o_.a cﬂ__._ sl M&
resentations. In addition, we emphasize thar _uo.q_.. m:."o::.:_o .,:._. contr
modes of thinking can be modeled as computations in this mmzmﬂ o
Another important insight from me:_:ﬁ. science no:nw::. nmo.. z,m:__um o
the mechanism (the brain) that performs the nO:%:B:Oﬂm,r,.,me .,_*:M«n
1970, there has been increasing consensus on :.:w nature of t ...n. M m.,.ma_d
architecture” of the human mind. The early 9:::2 of the n.om”_ _(_ e
included three kinds of memory stores: sensory input buffers t .M: ﬁwo i
transform incoming sensory information over a span cm.m few m.mr_m: s; .u, "
ited short-term working memory where most of conscious ::_.g ing o..m_”nm,
and a capacious long-term memory where we store nc:nmvmav. _:._M__ma_w.m:wo%
and procedures. These models provided a m.o.om account o m:s_u.n _mw
achievements, but were limited in their ability to describe more now.._vﬂ o
inference, judgment, and decision behaviors. Modern oo:na.u:o:mm isti .
ish between several more processing modules and memory r.& ers, a
b i “(Fi a good intreduction to the
linked to a central working memory (Figure 1.1, a g e
modern computational approach is provided by John Anderson, 2 . u.._ o
In the multi-module model, there are input and output modules, w :n.
encode information from each sensory system (relying on one or more Jn_:.oﬂM
buffers) and generate motor responses, A Working EQ:SJ.., often m:m_ .omm_wo.
to the surface of a workbench on which projects (problems) are comp Qw, " _.w
the central hub of the system, and it comprises a central executive vnonmmvcw, ~
goal stack that organizes processing, and at least two mro:-nn_.i Ema%_”.(
buffers that hold visual and verbal information that is currently in use. The
other major part of the system is a Long-Term Memory ﬂ_z:. a.::n::m all mcq_m.
of information including procedures for :::E:.m m..ﬁ deciding. The n_w.m:m_
of this particular modular division of labor are justified by both vmr.,ﬁa_oqm.
results (e.g., systematic studies of mental arithmetic) and the results cm. hun reds
of studies of brain functions. We will report on some cm.%n..aoa :.:Q.am:_._m
results from neuroscientific analysis of decision processes in Chapter 13.
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mory stores will play major roles in our explana-

_HH_HHMW ﬂm,w_ﬂmmiﬂz and decision-making phenomena. First, the limited capac
) ‘orking Memory will be us explain sc f dERaL
.ﬁm:.o:m_ tel.cm::z:r.n... ..yu.. _M%M.MM_V n..“_:“v ,M._./_Mw;,.”_u:ﬂm_ﬁwuw_an?:‘E_.mw i
._x:,m apparently complex behavior of the rmatic
8Iven environment is produced by the inter
ronment with a few basic parame
of its memories™ ( p. 870, emph
(1958) introduced the ,r,.c:na

_ said (see quote above),
information processing system in a
nteraction of the demands of that envi-
ters of the system, particularly characteristics
um,.m added). James March and Herbert Simon
o e ke et ,_,.)._n_:ﬂ.“”nﬂﬁt..:..w:. ~.,.:,...o:,~\m....¢. in decision making,
<l e .»._....:z. : ..c,v_i,z_ Tn_ﬂ:.:,..? where Gn primary
U ptimal is that we simply don’t haye the

capacity to ¢ i .
pacit; compute the optimal solutions because our working memory
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jmposes limits on _.S,,. much information we can use. Second, we will 2.:.,:
refer to the many facts 2.& procedures that :..:..n been _wmﬂ.:..n.»_ and stored in
Jong-term memory. So, for example, we 22.:.: the differences berween a
grandmaster and a novice chess player ,z.::._.ﬁﬁnsr.n to mﬂcawa knowledge
about past chess games, good moves, and so forth, and with reference to spe-
cial analytic skills (analogous to an educated person’s knowledge of arithmertic
algorithms), all stored almosr _;.,.,::.“:K.a.::v. in long-term :EE:C.. :ﬁ.n...:.ﬁ_:?;_.
we found that Working Memory differences could not explain the differences
in chess skill as a function of expertise; research showed that novices and
grandmasters had similar Working Memory capacities—both groups remem-
bered the same number of chess pieces from a scrambled chess board. What
the grandmasters seem to have that the novices lack is knowledge about chess
stored in their long-term memories. This explains why experts remember so
much more from a “meaningful” chess board.)

However, the sheer amount of information to consider—and the limits
that Working Memory places on our ability to consider information—is not
the only source of bounded rationality. For example, the type of automaric
association discussed carlier can also provide impediments to rational
thought in the simplest of situations (e.g., the automaric imputation of char-
acteristics of child abusers seen in therapy to child abusers in general).
“Information overload” is a sufficient condition for limited (“bounded”)

rationality, but it is not a necessary condition.

1.4 Through Darkest Psychoanalytic Theory
and Behaviorism to Cognition

Most of the work discussed in this book has been done in the last half-
century. Why? Because until the 1950s, psychology was dominated by
two traditions: psychoanalytic theory and behaviorism. Neither of these
traditions—which became preeminent in the early 1900s—treated
thought as an important determinant of human behavior.

Unconscious needs and desires were the primary stuff of psychoanalytic
theory; even defense mechanisms, by which these unconscious impulses
could be channeled into socially acceptable—or neurotic—behaviors, were
viewed as largely unconscious, and hence outside of the awareness of the
individual. (People who claimed to be aware of their own defense mecha-
nisms were said to be denying their problems through “intellectualization™;
only the psvchoanalyst could really understand them.)

Although dogmatic acceptance of psychoanalytic theory still lingers on in
some settings, skepticism was enhanced by its failure to explain one of the
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most important psychopathologies of the 20th century, Nazism. A strong
implication of the theory was that the Nazi leaders, who engaged in mon-
strous activities, had to be suffering from the types of pathologies postulated
by the theory. Moreover, these pathologies had to be related to pathologies
and traumas of childhood, which—according to the theory—are crucial to
the development of adult disorders. As Wordsworth said, “The child is father
to the man.” In fact, a 1943 United States Office of Strategic Services report,
by Walter C. Langer, was devoted to an analysis of Adolf Hitler and a pre-
diction of his future actions based on his “psychosexual perversion,” which
was later found not to exist. Supposedly incapable of normal sexual inter-
course, Hitler was believed to achieve sexual release through urinating and
defecating on his mistress. Moreover, Langer {1943/1972) wrote that Hitler
survived World War I by granting homosexual favors to his officers, There is
no historical evidence of any such behaviors. In fact, applying Hitler’s phi-
losophy of the insignificance of the individual human life to his own life as
well as to others, he served without hesitation in the particularly dangerous
position of a bartlefield messenger, declining promotion to a safer position.
Psychoanalytic interpretations made no mention of Hitler's basic cogni-
tive assumptions about the world, his thinking style, the ways in which he
framed problems, or the heuristics he used for solving them. Instead, his
behavior was predicted on the basis of his conflicted hatred of his brutal
father and his unconscious identification of Germany with his mother.
Except for making the somewhat obvious prediction that Hitler wouldn’t
succeed, this psychoanalytic approach didn’c work. Moreover, careful study
of the defendants at the Nuremberg war crimes trials—complete with
Rorschach inkblot tests—failed to reveal any extraordinary psychosexual
disorders or childhood problems. These men and women were ordinary peo-
ple, much too ordinary. Years later, studying Adolf Eichmann, the SS officer
who served as the director of the Central Office for Jewish Emigration and
was responsible for the deaths of millions of Jews under the Nazi regime, the
philosopher Hannah Arendt (1963) coined the phrase “the banality of evil.”
In 1963, Stanley Milgram published his striking experiments on “destruc-
tive obedience.” In them, he demonstrated that a variety of people would
administer extremely painful and potentially lethal shocks to strangers as part
of a psychological experiment, provided that they were urged to do so by an
authority figure who “took responsibility,” and that che victim was physically
distant from them. {The shocks were not actually administered to the
stranger, but the experimental participants were led to believe thar they were.)
In effect, Milgram did not ask, “How were the Nazis different from us?” byt
rather, “How are we like the Nazis?>” He was able to answer the latter ques-
tion better than others had answered the former. Subsequent research has
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often geometric figures that vary in size, shape, color, and various pattern
nrm._.mﬁm_._m:nm. The participant’s task is to sort these stimuli into two cate-
gories and by so doing, identify the rule (or “concept™) that the m/.ﬁn_.:.:c.wﬂc_.
has used as the basis for classification. For example, the rule :5,.. be that red
patterns are to be placed on the left and green ones on the right ‘Participants
are m::v_..«. told “correct™ or “incorrect™ when they sort Sm._.. w.:_“:__:ﬁ_yia
:.F..< are judged to have identified the concept 2:»...: their mc:._.: IS ar e v
sistently correct (10 correct responses in a row), s
‘ Behavioral analyses of responses to this task focused purely on the rein-
forcement (being told “right” or “wrong”) for each choice. ‘,wf:.m:qﬂ. o
the degree that it exists, was assumed not to affect sorting. Early _..,m%__z
appeared to support such analyses. For example, some _u,:.:n:,;:.:,.. ;.m?.u
able to achieve perfect sorting without being able to verbalize the m/. Jm.:.
menter’s rule {although it turned out that they could if pressed, their m.ﬂﬂ:ﬁ
reluctance apparently resulting from being unsure of themselves) .:.a in
some Smrm. participants did not achieve the perfect learning that ,....Ac,:_g be
predicted from intellectual insight (but the experimenter’s rules ﬂ_gm_-mm_,.m,
:3, have been ambiguous). Moreover, average success in concept ao:::w
_rm:c_.g across participants appeared to increase gradually, much like the
carning of an athletic skill, .

However, clever follow-up experiments demonstrated thar learning in
Z._nr tasks was in fact not gradual but “all or none,” the type of learning .?&-
dicted on the basis of an acrtive hypothesis-testing mind that continually
%m?.rem for the correct rule whenever the mznn..:_“z_:m_‘ ,:&nﬁm.m ﬁ_e:. an
.J_.r”c:.nmﬂ sorting has been made. First, these investigators analyzed En:. ?w_..
ticipant’s responses separately and determined the pattern of correct and
incorrect responses prior to the last error. If learning was gradual, as pre-
p__....ﬁ..ﬁ_ by ._:omq reinforcement theories, the probability of a no:mr,,ﬂ, mm:.ﬂ
;..:r._: a single participant’s learning trials, should increase gradually ?c_:,
..wo (the chance probability of being “correct™). Instead, it :..wm stationary at
;5..4._8 gradual increase found earlier was an artifact of averaging _.F.m.s.,‘.ﬁ
participants who had identified the correct concept at different c,om,:a M:.
time in the experiment. Moreover, patterns of sorting after each error were
indistinguishable irrespective of the point in the experiment at s.:,mm_. the
pﬂh‘m_”—n“rw”MnM”H Wo,:ar_“”:gm:w” .n.:c? \:#. participant indicated that he or she

n'te ; ce, performance was at the chance level prior
to .m.?:.m:.o_.. An error indicated that the participant had not yet had the
insight into the experimenter’s rule. .

./r:.:: Levine (1975) demonstrated that participants’ conscious beliefs
were ,.H._::M._:M perfect predictors of their responses, particular error patterns
and time it took to learn. In an especially ingenious demonstration, rﬁ”
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Neither the psychoanalytic nor the behavioral tradition regarded people as
decision makers who deliberately weighed the consequences of various courses
of action and then chose from among them. Moreover, neither tradition has
contributed useful explanations of decision-making behaviors. Most psychol-
assumprion that ideas and beliefs cause
behavior and that cognitive theories are the best route to understanding and
improving important behaviors, If we want to understand why the juror said
the defendant was a murderer, why the doctor diagnosed the patient with a
blocked kidney duct, or why the pilot diverted to another airport for an
unscheduled landing, the best way to proceed is to find out what they were
thinking about before they made each of these decisions. This book uses such
cognitive science conceprs to better understand judgment and choice.

ogists today accept the compelling
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1.5 Quality of Choice: Rationality

If we aspire to give advice about how to make good decisions, we need to say
something about what we mean by bad decisions. The quality of a decision
cannot be determined unambiguously by its outcome. For example, most of us
believe it would be foolish to accept an “even money™ bet that the next time
we throw a pair of dice we will roll “snake eves.” (The actual chance of throw-
ing two ones, “snake eyes,” is 1/36). Moreover, we would regard the person
who accepted such a wager as a poor decision maker—even if he or she hap-
pened to roll snake eyes. On the other hand, if that person were in danger of
physical harm or death ar the hands of a loan shark, and that wager were the
only way to raise enough money to avoid harm, then the person might not
seem so foolish, What this example illustrates is that it is the potential out-
comes, their probabilities, and their values to the decision maker at the tine
the decision is made that lead us to judge a particular choice to be wise or fool-
ish. A general who is losing a war, for example, is much wiser to engage in a
high-risk military venture than is a general who is winning a war. The failure
of such a venture might nor reflect unfavorably on the decision-making ability
of the losing general; it is more “rational” for the losing general to take a risk.

So what is rationality? Often the term is used in a purely egocentric, evalu-
ative sense: “Decisions | make are ‘rational’; those of which I disapprove are
not.” Occasionally, we adopt a broader perspective, and judge rationality not
just in terms of approval but in terms of the “best interests” of the person mak-
ing the decision—although with “best interests” still defined egocentrically by
us. As we said at the outset, good decisions are those that choose means, avail-
able in the circumstances, to achieve the decision maker's goals, Thus, for
example, some of Adolf Hitler’s decisions may be viewed as rational {and oth-
ers as irrational), despite the fact that we disapprove of all of them.

In this book, rationality has a narrow technical meaning; it will neverthe-
less provide the criterion by which we will judge the wisdom of choices. A
rational choice can be defined as one that meets four criteria:

1. It is based on the decision maker's current assers. Assets include not only
money, but also physiological state, psychological capacities, social relation-
ships, and feelings.

2. Itis based on the possible consequences of the choice.

3. When these consequences are uncertain, their likelihood is evaluated accord-
ing to the basic rules of probability theory.

4. lItis a choice that is adaptive within the constraints of those probabilities and
the values or satisfactions associated with each of the possible conscquences
of the choice.
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Don’t we make all our decisions like that? Definitely not. For example,
Chapter 2 will detail how it is that we are affected not only by our present
state but also by how we got to it—a clear violation of the first two criteria
enunciated above. The past is over and cannot be changed, but we often let
it influence our futures in an irrational manner. In Chapters 9 and 12, we
will show how we are sensitive not just to the actual consequences of our
decisions but also to the way in which we frame these consequences.
Chapters 4 through 10 are devoted in large part to the .nom:m:mm _,.E_n_w:nm
(boundedly rational rules of thumb) we use to judge furure __rn__r.ccn_|
heuristics that systematically violate the rules of probability theory. I.:m:.ﬁ
Chapters 8 through 11 describe ways of making decisions thar avoid the
problems specified in the previous sections. :

In fact, there are common decision-making procedures that have no direct
relationship to these criteria of rationality. They include the following:

1. Habir, choosing what we have chosen before;

2. Conformity, making whatever choice {you think} most other people would
make or imitating the choices of people you admire (Boyd and Richerson
[1982] have pointed out that imitation of success can be adaptive in general,
though not, for example, if it is imitation of the drug use of a particular ,Snr
star or professional athlete you admire for his or her professional achieve-

ments): and

3. Choosing on the basis of {your interpretation of) religious principles or cul
tural mandates.

The four criteria of rationality have a philosophical basis. If any are
violated, the decision maker can reach contradictory conclusions m_uoc.ﬂ
what to choose—even though the conclusions are based on the same pret-
erences and the same knowledge. That is, the person violating these prin-
ciples may decide that a course of action is simultaneously desirable and
undesirable, or that choice A is preferable to choice B and that choice B
is preferable to choice A. For example, a business executive who artends
not just to the current assets of the company but also to the facr that they
have been increasing or decreasing in the past could conclude that it is
both wise and unwise to continue to finance a losing venture. A doctor
whose probabilistic reasoning follows automatic thinking principles
rather than the rules of probability could decide that a patient both
should and should not have an operation; or a juror could decide that a
defendant was both guilty and innocent. Because reality is not contradic-
tory, contradictory thinking is irrational thinking. A proposition about
reality cannot be both true and false.

% ASARYKOVA UNIVERZITA
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1.6 The Invention of Modern Decision Theory

Where does this idea of rationality come from? It began in Renaissance Italy,
for example, in the analysis of the practice of gambling by scholars such as
Girolamo Cardano {1501-1576), a true Renaissance man who was simultane-
ously a mathematician, physician, accountant, and inveterate gambler. (He is
also credited with inventing the combination lock.) In spite of his profound
insights into risky decision making, he tended to lose, because his analyses of
the numerical structure of random situations were accompanied by lousy arith-
metic skills. The most recent impetus for the development of a rational decision
theory, however, comes from a book published in 1947 entitled Theory of
Games and Economic Bebavior by mathematician John von Neumann and
economist Oskar Morgenstern. (The first publication in 1944 omitted some of
the most important analyses of decision making, so we cite the 1947 edition.)
Von Neumann and Morgenstern provided a theory of decision making accord-
ing to the principle of maximizing expected utility. The book does not discuss
behavior per se; rather, it is a purely mathematical work that applies utility the-
ory to optimal economic decisions, Its relevance to non-economic decisions was
assured by basing the theoretical development on general utility (we prefer the
term personal value), rather than solely on monetary outcomes.

This criterion of expected utility may most easily be understood by ana-
lyzing simple gambling situations. Because gambling situations are familiar
and well-defined, we will rely on them heavily {as have most scholars in this
area) to illustrate basic concepts, though we will try to provide a diverse col-
lection of nonmonetary, everyday examples as well. Consider, for example,
a choice between two gambles:

{a) With probability .20 win $45, otherwise nothing.

(b} With probability .25 win $30, otherwise nothing.

The expected value of each is equal to the probability of winning multi-
plied by the amount to be won. Thus, the expected value of gamble (a) s
.20 x $45 = $9, while that of gamble (b) is .25 x $30 = $7.50. People need
not, however, prefer gamble (a) simply because its expected value is higher.
Depending upon their circumstances, they may find $30 to have more than
four-fifths the wtility of $45, in which case they would—according to the
theory—choose gamble (b). For example, an individual may be out of money
at the end of a week and simply desire to have enough money to eat until the
following Monday. In that situation, the individual may find the difference
in utility between $30 and $435 to be negligible compared with the difference
between a one-fourth and a one-fifth chance of receiving any money at all.
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Such a preference is represented in the von Neumann and Morgenstern the-
ory by the conclusion that .25 times that individual’s utility for $30 is greater
than .20 times that individual’s utility for $45. Let the utility of $30 be sym-
bolized U($30) and the utility of $45 be symbolized U($45); then by simple
algebra, .25 x U($30) = .20 x U($43), which is true if and only if U($30)/
U($45) > .20/.25 (which is equal to 4/5).

In point of fact, most people when asked prefer gamble {a). But when
faced with the choice between the following two gambles, most prefer (b'),
the one with the $30 payoff:

{a’) With probability .80 win $45, otherwise nothing.

(b’) Win $30 for sure.

An individual who preferred (a) to (b) yet (b') to (a”) would violate the von
Neumann and Morgenstern principle of choosing according to expected utility.
Using the same algebraic symbolism as before, a choice of {a) over (b) implies
that .20 x U($45) > .25 x U($30), or U(S45)/U($30) > .25/.20 = 5/4. But a
choice of (b) over (a’) implies that .80 U($45) < U(S30), or UiS45)/U{$30) <
1/.80 = 5/4. So, there is a logical (algebraic) contradiction berween the two
choices. This means the theory not only specifies what is rational, but it can also
be compared against human choices to test if people are rational.

Another possible violation of expected utility theory would occur if a per-
son were willing to pay more for one gamble than another, ver preferred the
other gamble when given a choice between the two. For example, such a per-
son might prefer the sure $30 of alternative (b’), yet—realizing that (a’) has a
~ higher expected value ($36 vs. $30)—be willing to pay more to play it than to
play (b’). The theory equates the utility of each gamble with the utility of the
maximal amount of money paid for playing each. The result is that by prefer-
ring the gamble for which he or she was willing to pay less, a person has
implicitly indicated a preference for less money over more. Assuming any pos-
itive urility at all for money (a “no brainer™ assumption), that is irrational—
foomzwn the greatest amount of money is equal to the lesser amount plus some
more, The conditions that lead to such contradictions will be discussed in
Chaprers 12 and 13.

. What is important here, however, is not just that some choices can con-
tradict expected utility theory, bur that the four criteria of rationality listed
H.wvoﬁ are preconditions for the development of expected utility theory. Thus,
m-omnom that violate expected utility theory can also violate very simple, fun-
wam:_o:amr and plausible criteria for good decisions, criteria that almost all of
US would say we would like to follow when we make important choices.
Bain, there is nothing in the theory that mandates what desires a decision

»
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maker should wish to satisfy—that is, the theory does not prescribe rwhat the
utilities for various outcomes should be. But the theory does imply fairly
strong relationships between some choices and other preferences.

Von Neumann and Morgenstern’s work Theory of Games and Economiic
Behavior (1947} inspired a lot of interest in utility theory; many mathemat-
ically oriented researchers worked to draw out consequences of maximizing
expected utility that were not present in the initial formulation. Others sug-
gested that the basic formulation might be in error, burt they did not advo-
cate abandoning the four criteria of rationality; instead, often supported by
examples that were intuitively compelling, they suggested thar rational deci-
sion makers might choose according to some rational principle other than
maximizing expected utility. These initial works focused on the normative
question of how decision makers should choose. Soon, however, people
became interested in the descriptive question of how decision makers—
people, groups, organizations, and governments—actually choose. Do actual
choices conform to the principle of maximizing expected utility?

The answer to this question appears to depend in large part on the field
of the person asking it. Traditional economists, looking at the aggregate
behavior of many individual decision makers in broad economic contexts,
are satisfied that the principle of maximizing expected utility does describe
what happens. As Gary Becker (1976), Nobel Prize~winning behavioral sci-
entist, puts it, “All human behavior can be viewed as involving participants
who maximize their utility from a stable set of preferences and accumulate
an optimal amount of information and other inputs from a variety of mar-
kets” (p. 14). Becker and many of his colleagues have taken this assertion
seriously and have provided insightful analyses of nonfinancial, nonmarket
behaviors including marriage, education, and murder.

There are good reasons to start with the optimistic hypothesis that the
rational, expected utility theory and the descriptive—how people really
behave—theories are the same. After all, our decision-making habits have
been “designed” by millions of years of evolutionary selection and, if that
weren’t enough, have been shaped by a lifetime of adaptive learning experi-
ences. Surely, truly maladaptive habits will have been eliminated by the pres-
sures of evolution and learning and maybe, optimistically, only the rational
tendencies are still intact.

In contrast, psychologists and behavioral economists studying the deci-
sion making of individuals and organizations tend to reach the opposite con-
clusion from that of traditional economists. Not only do the choices of
individuals and social decision-making groups tend to violate the principle
of maximizing expected utility; they are also often patently irrational.
(Recall that irrationality as discussed here means that the chooser violates
the rules of rational decision making and chooses contradictory courses of
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action. We are not talking about the nature of the goals of the decision
maker; we are talking about the failure to pursue those goals coherently,
whatever those goals might be for the individual.) What is of more interest
is that people are not just irrational, but irrational in systematic ways—ways
related to their automatic or “bounded™ thinking habits. Chaprers 4 zﬁ.#._m_.
10 of this book are devoted to a discussion of these systematic irrationalities.

Those behavioral scientists who conclude thart the rational model is not a
good descriptive model have also criticized the apparent n_mmnzw:,.w suc-
cesses of the rational model reported by Becker and others. The catch is :..::
by specifying the theory in terms of utility rather than concrete (...::....m Era
dollars), it is almost always possible to asssne that some sort o.m maximiza-
tion principle works and then, ex post, to define E:Enm. mnnoa_zm_”...;._.r._m is
analogous to the assertion that all people are “selfish,” by ‘h_m::_:.o?
because they do what they “want” to do. (As James Buchanan [1978] _uc::m
out, many aspects of standard economic theory tend to Avn. .,..mn:c:w_.e.. true’
when phrased in terms of utilities, but demonstratively false if money is sub-
stituted for utility. In addition, Herbert Simon [1959], defending his more
psychological approach, has pointed out some of the nzv_uzmqo_.v.. contor-
tions that are necessary to make expected utility theory work descriptively.)
However, the best arguments that these principles do not work n_mm.nzv:mo:.
come from demonstrations of out-and-out irrationality in light of our four
criteria for rational individual decision making (see abovel.

This book reflects the mixture of approaches to judgment and decision mak-
ing that has characterized this complex field since its mei:,:mu,lmrm rational,
normative hypotheses (often accompanied by the optimistic notion that we
approximate the rational in our actual behavior) versus the cognitive, ﬁ_n.ﬁ,n.ﬁ-
tive hypotheses about how we really behave. Both the top-down normative
view and the bottom-up descriptive approach are necessary to understand Mrm
ideal of adaptive rationality and the reality of human decision-making
processes. Moreover, important insights into human narture result from know-
ing when we do behave rationally, adaptively. Perhaps most 5603:% of all,
knowing when human behavior departs from the rational model is the first step
in designing improvements in our essential thinking skills.
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What Is Decision Making?

Reporter: Have you made up your mind yet?

Yogi Berra: Not that | know of.

A good image of what we mean by decision making is of a person _um:m:_m
ata fork in the road, and then choosing one path—to reach a desired goa

volved physical approach or avoidance—which s,mqm}o_m., field, .mz.uﬂ

tr €, cave, stranger, mate, and so forch, o mv_uno.mnr and s.r._nr to avoid.

prehistoric times, bad decisions were punished in a dramatic m:::ﬁn as

philosopher Willard van Orman Quine (1969) 8.:.:5_:&. .Q.mmﬂ.:mm.

veterately wrong in their inductions have a pathetic but praiseworthy

endency to die before reproducing their kind™ (p. 126). In other words,
animals, including humans, that make bad predictions of the .?2_3 and
consequently bad decisions tend to die before they can pass ﬂ_.n:.. genes on
to the next generation; this is one reason that we, and other animals, are
good at making survival decisions.

~ If we took a census of situations that we label decisions in the :._.oaﬁ.z
‘world, it would look quite different from the list of essential decisions in pri-
‘mordial environments. What college course should I enroll in next semester?
1Is the defendant innocent or guilty? Should I move my retirement investments

29




