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COGNITIVE ILLUSIONS 1
October 20, 1997

Richard S. Newrock

I hate the Boy Scouts.
Some years ago I would have used stronger language
. loathe.
. detest .
but I've mellowed over
the years, and those words are too strong.
In fact, in
a perverse, backhanded manner, I owe the Boy Scouts a
debt of gratitude for events that occurred long ago in a sense they opened my eyes to a new world.
I've been thinking about old things lately triggered, I think, by flea markets. My wife and I
frequent antique shows - searching through the detritus
of other people's lives, looking for treasures for our
own.
I wander among acres of tables filled with items
from the past
. photographs and phonographs .
record albums and piano rolls.
. maps and magazines
. kitchen dp-vices.
I occasionally recognize
something from my past - a Lionel locomotive or a set
of dishware.
They bring back long - forgotten memories
and I often stand near a vendor's table transfixed
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while some mordant event I'd completely forgotten is
recalled and played out in my mind.
But, mostly, it happens with books.
I love books .
I own far too many for my own good and finding space at
home is an ongoing battle . I am incapable of throwing
or giving one away.
I cannot pass a bookstore without
browsing and inevitably purchasing. At the antique
markets I examine old books - not old, fragile,
expensive leather-bound classics, but simply
interesting, relatively recent, out-of-print books.
Several years ago, I came upon a children's book series
I had read as a pre-teenager and still recalled fondly.
It is called the "Chip Hilton Sports Series," written
by Clair Bee, a well-known basketball coach - those of
you of a certain aqe will recoqnize his name.
Impulsively, I began purchasing them. One day, I sat
down and actually read them.
They were truly awful unbelievably trite.
I was flabbergasted as how poorly
written they we re, with thin and obvious plots, and
little character development.
I was surprised at how
idealized their world view was.
~ven so, after
rereading several, I was surprised to realize how many
of my ideas on proper behavior and sportsmanship came
from these books.
Chip Hilton is a high school and college sports
hero, a letterman in three sports. As you might have
e~pected, Clair Bee made Hilton a superb quarterback, a
hlgh-scoring forward, and a nearly unhittable pitcher.
What you don't expect is that Bee also made him an
excellent student who holds part-time jobs to help his
widowed mother.
Pursued by dozens of colleges, Hilton
chooses the local state university, refuses to accept
an athletic scholarship, because he prefers to work his
way through college. He has a well-developed social
conscience . RiR r.lose fr iends and teammates are cut
from the same cloth - hard working, religious, and
white, with finely developed social sensibilities.
Hilton's teams, and the opposing teams, have AfricanAmerican and surprisingly, Chinese players on them.
Race and cultural issues arise, are discussed, and are
dealt with, ethically, and with a spirit of sensible
good-sportsmanship.
This is surprising, given that the
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books were written in the late nineteen-forties and
early fiftiesj these books were 15 to 20 years ahead of
their time.
There was also a cast of villains gamblers trying to co-opt the members of the teams
(recall the NYU point-shaving scandals of the early
fifties), high school principals without principles, .
coaches blinded by ambition, and alumni wanting to Wln
at all cost. Mr. Hilton and his friends survive them
all, converting some, jailing others, living right and
being good.
It was all a little too contrived, too pat.
But
not to the eleven year old boy I was. Until I reread
the books, I didn't realize just how much of my own
sense of fair play, my concepts of what is appropriate,
my attitudes on race, and my early attitudes towards
athletics its role in society, were shaped by these
books.
In rereading them, I saw a lot of the person I
have become - without the athletic skills of course.
I recall my disappointment when I reached high
school and realized that athletes - and more
importantly, coaches - were not like Chip Hilton and
his coachesj as a group, those around me were rather
dumb and quite bigoted. But as I grew up in a
neighborhood where religious bigotry was rampant and
racial intolerance endemic, I should not have been
surprised.
I was operating under an illusion.

Finding those books was the starting point - the
trigger that pushed my thoughts back to the time when,
in my late teens and early twenties, I first realized
we all operate in a cloud of illusions. To become what
I am today - a reasonably successful scientist - I
realized that I had to learn to recognize illusions and
shed them when necessary.
Let'S return to the Boy Scouts.
It started in
My family had just moved from Brooklyn to a Long
Island suburb, part of the post-war migration from the
cities.
It was a typical tract house in a typical
s~bdivision.
The neighborhood was working and lower
mlddle class, populated predominantly by Italian and
'52.
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Irish Catholics with a scattering of Eastern European
Jews.
My father and mother were raised in orphanages the Hebrew Orphan Asylum in Manhattan and the Brooklyn
Hebrew Orphanage. This was during the Great
Depression. They reached adulthood with few illusions
about life. Their attitudes and values were imparted
to me during dinner table conversations. My parents
would raise some issue - politics, current events,
history, whatever - and we would discuss it. My father
would play the devil's advocate, deliberately opposing
whatever viewpoint I espoused, mercilessly exposing the
flaws of my arguments.
I was taught to recognize
social and historical illusions, to separate reality
from wishful thinking, and to argue successfully either
side of an issue.
My parents decided that I needed to take part in
extra-curricular activities - among them joining the
Cub Scouts and going to synagogue and Hebrew school.
I
was supposed to learn Hebrew so that I could become Bar
Mitzvah. This ran contrary to my own ideas which
certainly did not include school after school, but
rather tended towards sports. My father never was
involved in sports - either as a participant or a
spectator - and saw little or no value to them - and
still does.
Off to Hebrew school I went.
started Hebrew school when I was eleven - twice
a week.
I resented this imposition on my time.
This
was exacerbated by the realization that my parents knew
no Hebrew, little Yiddish or Jewish culture and
history, and did not attend services. The idea was to
give me a choice about religion - a choice they never
had.
But I had, and ctill have, little or no facility
for languages , and unable and unmotivated, I did not
learn Hebrew. The Rabbi was determined to get me
through.
He wrote transliterations of the Hebrew I
needed to know and I memorized them - prayers and
responses - and successfully negotiated the rite of
passage. To this date I can walk into a synagogue and
recite the prayers - without a glimmer of
understanding.
I recall this frequently - it generated
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in me a certain cynicism toward organized religion and
its illusions.
The other organized religion I joined was the Cub
Scouts. One evening I was unceremoniously dumped into
a Scout troop.
I knew nothing about scouting. The
Scoutmaster took me aside and informed me that the most
important thing to know about being a Cub Scout was,
and I quote, lito do what you're told, when you're
told." This was at the time my father was teaching me
to question everything and everyone.
It took awhile and a substantial amount of ridicule and abuse from my
fellow scouts - before I learned there was more to
scouting than blind obedience. As my colleagues in the
audience can attest, my profession requires, indeed
demands, questioning of authority - the obedience part
of Cub Scouting did not "take."
A1lt- T persevered through Cub Scouting on into Boy
Scouting - attending meetings, tying knots, marching,
standing at attention - until I was thirteen.
That
year my parents decided that I would benefit from
summer camp - they wanted me to go to Buck's Rock Work
camp. One had to first be interviewed by the owner - a
child psychologist.
I failed the interview - he said I
was too immature to benefit from Buck's Rock.
Instead
I went to Boy Scout Camp.
I recall very little of the
experience - I'm sure I partook of all the usual stuff
- canoeing, swimming, singing, fire starting, male
bonding - all important stuff Boy Scouts do. What I do
recall is becoming ill - I developed a high fever and
wanted nothing more than to stay in my bunk and sleep.
But the Boy Scouts didn't tolerate such malingering - I
was told to suck it up and ignore minor problems. My
parents found me untended in my bunk, with a
dangerously high fever, and what turned out to be strep
infection. The physicians in the Club know, that
untreated, such infections can be very dangerous - they
lead to severe auto-immune diseases.
I developed
nephritis, which at the time was 95% fatal.
I spent
the next eight months at home, in bed, receiving
1,000,000 units of penicillin daily.
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I learned many important things from this
experience, but most importantly, I learned about
books.
Television was around - this was 1956 - but it
was as bad as it is today, and I was not allowed to
watch during the day and only selectively at night.
Instead, my mother went to the library and brought
books home - five to eight at a time. \1 would read as many as four a day - and discuss them with my
parents.
I read all manner of things - science
politics, ,fiction, science fiction, pulp fictio~,
poetry, bIography, sports, history. Many of these
topics, especially history, remain avocations of mine.
That~s the first debt lowe the Boy Scouts - they got
me slck enough to form the reading habit and to learn
to read critically.

I also had to keep up my schooling.
The school
district provided me with tutors - one hour per week
per subject.
From that experience I learned a
remarkable thing: you don't need teachers - you can
learn on your own.
That's my second debt to the Scouts
- they got me sick enough so I had to learn how to
learn.

returned to the world near the end of the school
year - nearly 14 years old, well ahead of my peers in
things intellectual, but, having missed an important
year of socializing, woefully behind in things sexual well, perhaps not completely - I was well ahead of my
peers in masturbation - after all, besides reading,
there is little else for a bed-ridden fourteen-year old
to do.
I

(Parenthetically, I note for the physicians in the
audience, that I was not warned about muscle atrophy
after being bedridden for eight months.
The very day I
was given permission to rejoining the world, I was
elated, leapt out of bed, took two steps, and sprained
both ankles.
I then came down with chicken pox and
spent another three weeks in bed.)
That Spring my parents decided that I was not
going back to Scout Camp - I would go to Buck's Rock.
This time I passed the interview.
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Buck's Rock was an extraordinary place for a
teenager in the fifties.
Located in New Milford,
Connecticut, about 50 miles north of New York, it was
founded during the War as a place where New Yorkers
could send their teen-aged children - to get them away
from the summer's heat, to work on a farm growing
vegetables to aid the war effort. After the war, it
evo lved into an amazing summer camp - especially so in
the context of the fifties.
Athletics, while not forbidden, were strictly
limited. There were no counselors for athletics. With
the exception of recreational swimming, sports were
actively discouraged as a daytime activity. Except for
an occasional pick-up softball game, team sports were
not permitted. No leagues, no teams, no practices,
little physical competition.
Instead, use of your mind
was encouraged.
There were "shops" where one could partake of the
fine arts - painting, potting, sculpting, silver
smithing, woodworking, printing, and photography.
The
performing arts were encouraged - a modern dance
troupe, a theatrical group, an orchestra, chamber and
folk music.
There was a construction group - the
campers designed and built the camp's buildings. One
could still farm - both animal and vegetable farms were
operated - and one could do simple and primitive
science - meteorology and geology primarily. There
were off - campus trips - to Tanglewood to hear the
Boston Symphony and to Stratford, Ontario for the
Shakespeare festival.
Several afternoons a week there
were "great book" discussions.
The counselors were unique - totally unlike those
one finds in a normal summer camp. Very few were
school teachers or college students on summer jobs;
instead they were professionals in various fields.
The
curator for ceramics of the Brooklyn Museum was in
charge of the ceramic shops. The orchestra was led by
the associate conductor of the American Symphony . The
dance group was taught by one of Martha Graham's
dancers, the theater group by a Drama professor from
NYU.
The people who taught painting or photography or
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silversmithing were all working professionals Pete
Seeger and others would drop by to play and teach.
The campers themselves were a chosen group and
often unique in their own right - fairly bright group
of kids with strong interests 111 creative activities.
We were mostly the children of middle class
professionals. But there were others - the children of
entertainers, artists, producers and directors.
I can
recall the children of well -known actors and actresses
- for example, Gwen Verdon's son. And of course, I
certainly recall the two Rosenberg children: as you
might imagine - this was 1956 - they had more than
their share of personal problems.
It was a different place, quite unlike anything
I've ever experienced. There were only three rules you had to get up in the morning, you had to go to bed
at night and had to attend meals. The rest of the day
was unprogrammed - you did what you wanted.
I was
overwhelmed by the place - I tried to do it all - I
painted (badly), sculpted (moderately well), and
photographed (quite well).
I discussed literature and
politics.
I enjoyed every minute of it for five successive
summers. Here was a place for young people interested
in mental activities - a place where it was OK to read
and discuss literature, to listen to classical and folk
music, to paint. The fine and performing arts, and the
humanities formed the link between the sexes - not
athletics, cars and cheerleading.
So you can imagine what it was like each Autumn
when I had to return to high school, to classmates
uninterested in anything remotely intellectual, and
with racial and rellgluus attitudes at great variance
with mine. My teachers' knowledge of their own subject
was limited, and their horizons did not extend even to
the nearby big city.
In the one environment, I was
expected to be creative - while in the oth~r creat~ve
activities were given little credence.
Thls relatlvely
rapid and repeated moving back and forth between two
very different worlds forced me to make value judgments
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and comparisons. By making comparisons,
people's opera tive illusions.

I

began to see

By the end of high school, then, I had discarded
some illusions and had begun to learn that illusions
playa very large role in most people's perceptions and I have been interested in illusions ever since.
If you want to be a successful researcher you need
to be able to recognize your illusions and learn to
"think outside the box." Looking at the world fr om
"outside the box" is crucial to progress in science you have to train yourself to step back and look at
problems from a fresh perspective - to find a new way
of looking at the world - to step outside your
illusions.
Re cently, at a physics colloquia, the
speaker told a story that illustrates what I mean:
A Rabbi and a Priest were walking together, when
the Rabbi asked the Priest, "have you ever had an
experience where the hand of God was directly
revealed to you?" The Priest thought for a moment
and replied, "Why yes, just last week.
I was
walking this very path when suddenly a terrible
rainstorm began.
I pulled out my rosary and said
a prayer. Suddenly it was raining in front of me,
raining behind me, raining to the left, raining to
the right --- but right here - here it wasn't
raining at all! After several more steps the
Priest asked the Rabbi the same question.
The
Rabbi thought for a minute and replied:
"Why yes.
Just last Saturday, on the Sabbath, I was out
walking and there in the street in front of me was
an old wallet, filled with money. As you know, we
of the Jewish faith are not allowed to handle
~oney on the Sa~bath.
But the synagogue is always
In need of repalr and the women 's council is
always strapped for funds.
I was torn.
So I
turned,to God and said a little prayer and asked
for gUldance.
Suddenly --it was Saturday in front
of me, satur~ay behind me, Saturday to the left
and to the rlght.
. but right here it was
Thursdayl"
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The Rabbi needed was a new perspective, a new
paradigm. The same is true in research or scholarly
work.
It is very easy to become trapped by thought
patterns that are not constructive - we all have mental
blind spots - and such patterns and blind spots need to
be recognized and excised. What I concluded, at some
point in my early twenties, was that mental blind spots
often play a more important role than observation and
rational thought.
I later learned that these blind
spots are called "cognitive illusions" and that they
keep you from "thinking out of the box."

1

Illusions are curious things. They are to reality
what fallacies are to reasoning:
the arguments are not
true, but they appear to be true.
There is always some
truth to an illusion just as there is always some
persuasion in a fallacy.
We have to learn to
distinguish between illusions and realities.
We find it easier to do this with optical
illusions than with cognitiv~ illllFlions . Optical
illusions are hard - wired into our brains - we cannot
avoid them.
In St. Louis is the world's largest
optical illusion - the Gateway Arch. Try and picture
it in your mind. Are you aware that it is exactly as
wide as it is high? If you don't believe it, find a
picture of it and measure it. But it is not the fact
that it is as high as it is wide that is of interest.
Rather, it is first, the surprise we feel when we
verify that, and second, the persistence of the
illusion.
Even after we measure it, it continues to
appear far taller than it is wide.
This is a
characteristic of an optical illusion - the eyes see
what it wants to see even when the brain knows better.
This is because your brain is hard-wired in ways that
you cannot compensate for - you will always see
something that gets smaller as it rises as taller than
it actually is.
Optical illusions are not rational, but neither
they are capricious. There is nothing rational about
seeing the Gateway Arch as higher than it is wide even
after you learn it is not so. But it is not capricious
- everyone who sees the arch sees the same thing.
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Phenomena also exist that show, in a manner similar to
optical illusions, that some parts of our brains are
unable to use knowledge stored in other parts. As with
our eyes, our mental processes remain impervious to the
corrections offered by logic. Cognitive illusions are
one such phenomenon.
Before discussing them, I should comment on
heuristics. The word has the same root as "eureka" something discovered. Heuristics are mental strategies
we use to discover things - to solve problems. They
are generally simple and approximate rules we apply to
certain classes of problems.
Some are extremely
simple:
•

we tell if a number is even or odd by only
looking at the last digit .

•

we assume a person wearing a suit in the
daytime is a white collar worker.

•

we assume a low-numbered license plate
signifies a powerful person.

These are obvious and simple - but many others are
not.
Suppose a biologist tells us that duck eggs and
chicken eggs contain biotin. How likely is it that
swan eggs also contain it? We will feel certain that
they do. We know nothing about biotin.
Furthermore,
we do not feel t he need to know anything about it to
reach our conclusion.
If duck and chicken eggs contain
biotin then so most probably will swan eggs.
It is not difficult for us to offer explanations,
principles, and improvised justifications for this
essentially intuitive judgment. However, we are no
more secure in these than we are in our own individual
judgment. The plain fact is that our judgment is not
justified - -it is correct, but it has no justification.
No philosopher of science could construct a first
principles justification of our intuitive ideas. Our
judgment is based on a heuristic and not a rigorous
procedure.

98

Another thi ng we n eed to know about heuristics is
that they are fa l lib l e as well as unjustifi~d. We are
all well awar e that our intuitions are falllble, but
generally we find it very ~ifficul~ t? abandon .
intuit i ve judgments . I n llfe heurlstlcs and thelr
fallibility are central to our everyday thoughts and
.f:.H:~.r:· cep t ions .
When a heuristic constantly draws all of us in a
certain direction, making the same error, we identify a
bias in ourselves, a cognitive illusion. Sometimes
they can involve the physical. A pound of feathers
weighs as much cH3 a tJuuml of lead, but which would you
rather have fallon your head? Here we see part of the
bias - our notion of weight is based on resistance how much concentrated force is needed to lift an
object, how much damage can it cause? Our common
intuitive notion of weight appears to be inseparable
from our sense of an object's compactness or density,
its hardness, and its potential impact. A pound of
lead i s t i ny and can be lifted with one hand. A pound
of feathers is larger and has to be handled with two
hands . We feel a higher concentration of force with
the lead and conclude that it is heavier.
That illusion has both physical and mental
components. Of more interest to me are biases that are
completely mental. Let us assume that a play has come
to the Aronoff Theater that Alan Winkler wants to see.
A ticket costs $200 and , although Alan is not wealthy,
he decides to buy two tickets. Now c onsider two
situat i ons:

•
•

Fi r st: Alan buys two tickets a long time
before the performance. A week later he
finds he has lost them .
Second: the day before buying the tickets
Alan realizes that his checking account has
$400 less than he thought.

How likely is it that he buys another s e t of
tickets in the first case (lost tickets) and how likely
is it that Alan will buy the tickets in the second cas e
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($400 less in his account)? It is much more probable
that Alan will buy two tickets in the second case than
in the first.
But this is irrational - there is no
economic justification for it - in both cases Alan is
poorer by $400 and has to spend an additional $400.
The difference in our minds and how we divide our funds
- our mental budget allocations. All of us seem to
have an internal bias against over-spending a
particular budget - in this case the ticket budget.
This is a cognitive illusion with no sound economic
basis.
But we can make this even more perplexing.
In
this domain of mentally allocated budgets there is
bias, a propensity to invest even more, in order to
bring an already existing investment to a successful
conclusion.
The bias is that once we have committed a
large sum, we are inclined to add more if we perceive
this as the only way to make the investment payoff.
Suppose Alan has already bought the two expensive
tickets - and on the evening of the long-awaited show,
we are struck by a bad snowstorm, but the play is not
cancelled - the troupe has to move to another city the
next day. Alan will have to drive downtown from Oxford
under very unpleasant circumstances.
If he had not
bought the two tickets he would gladly turn down an
offer of $400, conditional on his attending the show
despite the storm. Nevertheless, the likelihood is
nearly overwhelming that he will go to the theater
simply because he has already spent $400 on the
tickets. He would refuse the offer of $400 but will
not waste the same amount irretrievably tied up in the
tickets.
To an economist there is no difference in the
two scenarios.
Economic calculations and calculations
of risk and reward are overlaid by psychological
factors and heuristic biases.
I'm especially interested in mental pathways that
cause us to make faulty decisions or guesses.
Let's
examine an example from logic.
Consider two premises:
•

All Literary Club members are rich

100

•

ir

Jim Murray is a member of the Literary Club

Se

No one hesitates to dr~w the obvious conclusion,
"Jim Murray is rich;" it's a trivial extrapolation.
slightly more complex is:

"1
Hj

•

No wr iter is a thief

dE
Sl

•

All Literary Club members are writers.

oJ:

We logically deduce that no "Literary Club member
is a thief." Again, quite straightforward. But how
about:

•
•

All members of the Literary Club are liars.
No historian is a member of the Literary
Club.

This one is not simple.
Intelligent people will
avoid obviously incorrect answers such as "no historian
is a liar" - or at the very least, after they state
them, they will quickly be embarrassed. Nearly
e veryone c onc lude s that no logical conclusions can be
drawn from these two premises.
In fact, almost without
exception, intelligent people will come to that
conclusion.
But that conclusion is incorrect - there
is an incontestable conclusion that can be logically
proven and it is "some liars are not historians." This
is strictly mental, as a provable, logical conclusion
exists.
The problem lies in the number and complexity
of the mental models we construct to deal with
syllogisms such as this.
This particular case requires
us to make three distinct and separate arrays of
couplings - club members and liars, historians and
liars, and historians and club members. This results
in a prohibitive difficulty in seeing that there are
false couplings between historians and liars.
The most intelligent of
reflection, fall into mental
that have a strictly logical
happens when we need to make

us, after calm, clear
traps, even over problems
solution.
Imagine what
quick decisions with
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incomplete information and without knowing if a
satisfactory answer even exists.
One of my favorite cognitive illusions is called
"predictability in hindsight," or as I call it, "The
Historian's Trap."
It is interesting in that it can be
demonstrated experimentally. A subject is first
supplied with a precise description of an actual event
- the start of a war, an oil spill, rampant inflation,
or a successful product introduction, and then is given
a number of relevant pieces of information that were
available before the event occurred. To be perverse,
sometimes the experimenters will give the real
precursors but a directly opposite result - but the
subjects are always told the outcome is the correct
one.
The subject is then asked how certain it is that
he or she could have predicted the outcome, based on
the precursors. The level of confidence with which the
subject believes they could have predicted the result
is recorded.
It turns out that we believe very
strongly that we can predict events, provided we know or think we know - that it actually happened.
This particular cognitive illusions often occurs
in the history literature. Here are two curious
sophistries I have seen:
•

"In fact what actually happened was exactly
the opposite of what I had predicted in my
1978 article, but I can tell you precisely
why by using the very method I used before."

•

"What my esteemed colleague predicted turned
out to be correct, but that is a matter of
pure chance, for I can prove that the model
he used is entirely wrong. II

Scientists, politicians, economists, doctors,
lawyers - we all often make the same error.
Another illusion is based on "prudence in the face
of uncertainty. II Imagine yourself back in college.
You've just handed in a difficult exam - and your grade
determines whether you will be allowed to continue in
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your major.
I t is two days before Spring Break.
The
day after tomorrow you'll know if you've passed or
failed.
A travel agency offers you a real bargain Spring Break in Hawaii for less than $400, everything
included - but y o u must decide by tomorrow and pay a
non-refundable $200 deposit. However, by paying a $50
fee you may put off the decision for one day - by which
time you will know your exam result. The fee is
neither refundable nor creditable against the cost.
What do you do?
Of those students who were certain they'd passed
the exam, the majority said they would put down the
deposit - they viewed the trip as a prize for doing
well.
Of those who were certain they had failed the
exam, a majority also said they would put down the
deposit - they viewed the trip as a consolatio~ prize.
In either case, when they were sure of the ult1mate
result whether they expected to pass or to fail, very
few we~e attracted to the idea of laying out ~n . extra
$50, money thrown away, just to defer the dec1s1on.
However of those uncertain of the exam result, only a
minority were willing to put down the deposit - but a
large majority were willing to purchase the non returnable option. So, those who expect to pass buy;
those who expect to fail buy, but those who are
uncertain, pay to wait.
This is insane and totally irrational. The
studcnto will go to Hawaii whether they pass or fail;
only the rationales are different - celebrating a good
grade or consolation for a poor one. But when the
outcome is in doubt, the decision is postponed - even
when the outcome has no bearing on the final decision.
Numbers and probabilities are particularly
pernicious - nearly all of us get trapped by them.
Two
groups of people are to estimate, in five seconds, the
product of seven single digit numbers. One estimates 2
x 3 x 4 x 5 x 6 x 7 x 8 while the other does 8 x 7 x 6
x 5 x 4 x 3 x 2. The numbers are the same - only the
order Is reversed.
Take the answers from each group
and average them.
One inevitably finds that the
average of those multiplying the decreasing sequence is
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significantly higher than those multiplying the
increasing sequence - and that both are much less than
the real answer.
For the record, from large groups of
students at several universities, with increasing
numbers the average comes out to be 512; with
decreasing numbers, the average is 2,250. The actual
answer is 40,320.
You can even present the same problem to the same
group weeks apart and get the same result. This
cognitive illusion is known as "anchoring." The first
group quickly realized that 2 x 3 x 4 is about 20 and
they anchor to that number, extrapolating while noting
that the ensuing numbers get bigger. The extrapolation
is never high enough. The second group notes that 8 x
7 x 6 is about 400 and anchors to that number,
extrapolating while noting that the ensuing numbers go
down.
The difference between the two anchor figures
seems to explain why the estimates are so consistent.
Probability illusions are even worse. The
gamblers' fallacy is well - known.
Let us say that red
has come up 20 times in a row at roulette. A large
majority of people will place a bet on black - even
though the chance of black coming up on the next spin
remains one in two regardless of earlier events.
The
gamblers' fallacy is to believe that in a br i ef
sequence of genuinely random events, the equilibrium
between black and red will be reestablished at about
50%.
Statistically, our intuition tells us that
something is correct for short sequences when in
reality it is only approximately true for very long
sequences and only rigorously true for infinite
sequences.
Another probability-oriented cognitive illusion
appears in what are called "popular" inductions _
decisions based on limited data, a lack of
understanding of probabilities, and pUblicity.
For
exa~ple, consid~r suicides and murders.
Most people
~el~eve murder 1S the more important cause o f d e ath _
7t 1S no~. , The fact is that murder is reported to all
1tS deta11 1n the newspaper - suicides are not. We
react to the emotional nature of the result, based on a
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very limited, but very public, data set, and not to the
objective numbe rs.
This is a very bad and very common
mental trap - things in the world that appear to us as
II odd II are often anything but . For example, the concept
of a"s~ar l?asket1?all player suddenly getting a "hot
hand ~s slmply lncorrect - the sudden series of
baskets that leads to the appellation "hot hand" is
always well within the statistical variations for the
player.
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A very important probability illusion arises from
so-called framing errors.
Imagine that this year there
will be an outbreak of Asian flu.
It is expected that
the disease will kill 60,000 people in the United
States.
There are two programs that have been offered
to combat the disease.

•

If Program A is adopted 20,000 lives will be
saved.

•

If program B is adopted there is a one - third
possibility that all 60,000 lives will be
saved and a two - thirds possibility that no
one will be saved.

!:"e :

In tests over 70% prefer the first option - the
guaranteed saving of 20,000 people.
Now rephrase the
a.lterna.tives:

•

If program C is adopted 40,000 people will
certainly die.

•

If program D is adopted there is a one-third
probability that no one will die and a twothirds probability that 40,000 people will
die.

Now the votes always reverse - nearly 80% prefer
the last option.
This is known as a IIframing effect"
and it is extremely robust - nearly everyone falls into
the trap.
Rational decision making would tell you that
it doesn't matter, that the expected value for the
number of deaths is the same in all four cases. Yet we
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change our approach depending on the way the question
is framed.
Let me postulate a clinical test designed to
diagnose a specific illness - and assume that it has
come out positive for one of Stan Troup's patients. He
is informed that
•

the test is 80% reliable, and

•

on average, the illness being tested for
affects only 1 percent of the population in
the same age group as the patient.

What is Stan likely to conclude? The way our
minds work, he (and the rest of us as well) is very
likely to assume that the second fact is irrelevant.
What does the average rate of illness in the popUlation
have to do with it, once the test gives a positive
result? Why should the average incidence of this
illness in the population as a whole have any bearing
on the reliability of the test? Intuitively, we reason
that it doesn't - and we are correct - but we draw the
incorrect conclusion. Most of us, reasoning in this
manner, conclude that the probability of the patient
being infected is 80%. Others, a little more astute,
give a certain credence to the second fact and realize
that the reliability of the test must be combined with
the probability of getting the disease.
They usually
estimate the probability that the patient has the
disease at about 50% - this is actually the average
from a group of hospital doctors.
The correct answer
is less than 8%.
That seems a bit strange and most of us react in
one of three ways:
(1) the result is wrong (we've done
the calculation incorrectly) (2) the laws of
probability used to do the calculation are wrong or
improperly applied, or, more frequently, (3) "if that's
the probability, it isn't worth administering the
test." But the test is highly reliable - over 80%.
What's wrong here? It isn't the laws and it is isn't
the test - it is our intuition - it simply does not
work when we deal with risk and probability.
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A common the me in illusions is that they are not
absurd - there are always plausible aspects to them.
They are n o t si mp l e bl unde rs - the y do not originate
from pure guesses but from the formation of strong, but
misguided, intuitive ideas.

We are usually impressed only by big diff e rences
in probabilities and then only when those occur at the
extrema - "near certainty" or "near certainly not." We
all understand the difference between a 3% possibility
that we will suffer a financial catastrophe and the
certainty, thanks to an insurance policy, that we will
not. We understand less well the difference between
this form of "certainly not" and a risk evaluated as
less than 1 in 10,000. The plain truth is that most of
us want to be assured that we face no risks at all this occurs whenever we face physicians, for example.
If there is a risk, such as a ~ in ~O,OOO riSK, we are
worried by the fact that there is any risk at all, even
though there is no practical difference between a 1 in
10,000 risk and a 1 in 100 one.
We need only recall
the arguments over genetic engineering, or nuclear
power, or cellular telephones, or the inane controls on
new pharmaceuticals, to understand how blind we are to
extreme risks.
The desire that there be no risk at all
has no rational basis.
Scientific progress has been,
and will continue to be, impeded by this collective
misreading of the situation.
Presumably intelligent
people often ask whether this or that technology or
scientific advance is without risk.
That is never the
case - an honest answer must always be that there is no
such thing as absolute certainty.
These people then
say, in that case we really should not trust it - as
though a million to one risk is the equivalent of a 50%
risk.
Public opinion holds that either there is risk
or there is no risk - there is no middle ground.
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Indeed the proper handling of probability is so
rare I think that you can formulate a rule about it:
the intuitive opinion of almost any person on a
probability-driven problem is nearly always wrong.
will close by posing to the members a classic
probability problem.
Taking my cue from Dusty
I
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Anderson's talk last week, I will poll the members
after I state the problem.
It is known as the Monty
Hall problem after the host of the TV show "Let's Make
a Deal," but it also is known as the "Three-Box Monty"
and "Three Doors" problems, or as the "Prisoners'
Dilemma."
Here is the easiest way to understand it:
On a table in front of you are three identical
boxes, each with a lid.
Prior to letting you look at
the boxes I placed $1000 in one of them - I know which
one and you don't.
You now choose one of the boxes by pointing to it - you may not lift them, weigh them,
or in any way inspect or manipulate them. At the end
of the game, if you've chosen the correct box, you get
to keep the $1000.
After you make your choice, I open another box,
one of the two remaining.
That box will always be
empty - remember, I know which box has the $1000.
This
means that if you have chosen an empty box, I will
choose the other empty box.
If you have chosen the
correct box , I will open either of the two empty boxes.
You now see before you one empty box and two closed
boxes, one of which contains $1000.
I now offer you a choice. You can stay with your
original choice, or you can switch to the remaining
box.
The question is, are you better off sticking to
your original choice? Switching? Or doesn't it
matter?

Many of the examples used in this paper are from
"Inevitable Illusions" by Massimo Piatelli -Palmarinia
and I quote from and paraphrase his work in many
places.

