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"If a man will begin with certainties
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1. INTRODUCTION

Decisions made between alternative strategies, by decisionmakers
or advisers to decisionmakers, to a large extent must involve some
consideration of just how likely the alternative outcomes may be.
Whether the event is the outcome of an election, a quarterback calling
play X instead of play Y, the OPEC oil cartel breaking up, or the
future value of the dollar, many decisions are based on beliefs con-
cerning the likelihood of such events. Faced with grave uncertain-
ties, such as nuclear war, overpopulation, pollution of the environ-
ment, and diminishing natural resources, there is without a doubt a
keen interest in planning agencies throughout government and industry
in being able to better plan for the future under such uncertainty.

This interest in uncertainty in the analysis of business and
government decisions is by no means unique to our present-day society.
For centuries many historians and philosophers, in advising ancient
courts, were aware of the role which "Fortuna" played in their advice
and in subsequent outcomes. The two insightful quotes mentioned
above, one by Bacon and the other by Voltaire, attest to this fact.
Many particularly stressed the importance of planning for uncertain

events in order to deal with "Fortuna,"

and in knowing, at least
intuitively, the relative likelihood of such events. Herodotus, in
the 5th Century B.C., wrote: '"The best man in my bellef is he who
lays his plans warily with an eye for every disaster which might
occur...."[l]

Another seemingly reoccurring theme throughout history is one
which touches at the heart of modern debates on the role of quanti-
tative methodologies in policy analysis. The common viewpoint is that,
although the use of quantitative models is very important in analyzing
problems of almost any nature, when one is dealing with uncertain out-
comeg and complex human relationships one should be very cautious in
the total confidence placed on such models. For the most part I would
agree with this view. There are a great many losses in structuring
a real world social problem into a mathematical model which should

not be overlooked. Quantitative methods trying to model complex



soclal processes, especially those involving uncertainty, such as
decision analysis and game theory, should be considered as a great
potential value only as an aid into careful and considered human

[2]

judgement and not as a replacement for such judgement. However,
besides problems in modelling, in dealing with uncertainty there is
another problem in quantitative methodologies. The problem in this
case is due to the inability of individuals to accurately assess

their true state of information about the uncertainty due to countless
biases, many of which are deeply rooted in how people intuitively
think about uncertainty,

The importance, as a guide to decisionmaking, of considering the
likelihood of alternative outcomes, is the basis, along with considera-
tion of risk attitude, for-modern—day'decision analysis, Indeed, one
of the main assumptions of decision analysis is that a decisionmaker
can specify his preferences and his subjective probabilitiles in suf-
ficient detail and with sufficient consistency to make them quantifiable,
and to use that quantification as a guide to decision.[Z]

By subjective probability I am not referring to those probabilities
which can be calculated. For instance, the probability of tossing a
coin and its coming up heads is 0.5. On the contrary, I'm referring to
situations commonly faced by business or govermment decisionmakers
where there are decisions involving uncertain future events where the
likelihood of occurrence cannot be calculated using a mathematical
formula, but must be intuitively assessed. Consider, for example, what
you think the chances are of a nuclear war occurring within the next
fifty years, or, what you think the price of coal will be in the
year 2000. Yet these are uncertainties which must be coﬁsidered in
policy decisions and where there is a lot of information available.
However, the information is limited in that it will never tell you with
certainty what will occur.

Some may argue that because subjective probabilities cannot be
calculated, that they are mere intuitive guesses on the part of the
decisionmaker, not any better than any other person's guesses, and as
such are useless as a guide to decisionmaking. This, I feel, is too

narrow a view. Subjective probabilities, if properly assessed, should



reflect all the intuitive knowledge and information which the decision-
maker, or the adviser to the decisiomnmaker, has about the particular
subject. As such, it thus reflects his state of information as to the
relative likelihood of events. Thus subjective probabilities of the
alternative outcomes of a decision, if properly assessed, can be a
very useful guide in good decisionmaking as they represent the decision-
maker's perceived likelihood of the alternative outcomes, given all the
information at his disposal. ‘

This then brings me back to a point I alluded to earlier, about
the difficulties people have in accurately assessing their uncertainty
and state of information. If individuals' assessments of uncertainty
are clouded by biases due to improper heuristic devices in thinking
intuitively about uncertainty, then indeed such assessments are not very
useful. In fact, they can be very harmful for planning purposes. Thus,
if we accept that properly assessed subjective probabilities are a useful
guide in decisionmaking, the natural question arises; Can one's subjec-
tive probabilities for alternative outcomes be properly assessed?
That is;

o Are most people capable of expressing their state of

information about uncertain events or quantities in
probabilistic terms?

o Are there any general biases or heuristics that individuals
exhibit when asked to assess their uncertainty in these
terms that distort their assessments?

o Can such biases, if they exist, be corrected or improved?

These are empirical questions, and one purpose of this brief study
is to measure how prevalent such biases and heuristics in the subjective
agsessment of uncertainty (which have been found to be prevalent in
other studies of this type) are in students and researchers of The
'Rand Corporation——individuals whose work is highly involved in dealing
with uncertain future events. It is my goal in this paper to point out
the importance for advisers or analysts, who must give advice on policy
decisions faced with uncertainties about future events, to more fully
undefstand some of these simple heuristics and blases prevalent in
subjective assessments of uncertainty. This 1s especially true of students

of these professions, like myself and others in the Rand Graduate Institute.



2, SUBJECTIVE ASSESSMENTS

The subjective assessment of probability is very similar to subjec-
tive assessments of distance and size. For example, a distant object
is very often thought to be much closer on a clear day than on a cloudy
one. The clearer and sharper an object is seen, the nearer it is thought
to be. Likewlse, distances are often overestimated on cloudy days
because visibility is poorer and the contours of objects are blurred.
Thus, the reliance on clarity as an indicator of distance leads Eo
common biases, as do similar heuristics used in the subjective
assessment of probability.

Several obstacles clouding the proper assessment of subjective

probabilities can be diagrammed as below:

Inforﬁation
Phenomena Amplification.._.Perception.....Cognition._.M.otivation Assessment
Relevant Actual Observ- Perceptions Beliefs Statements
Obsgerv- ables
ables

Fig. 1--The assessment process

(Source: Lecture notes of a seminar on advanced decision analysis
given by Ron Howard, Stanford University, 1975)

By information amplification, what is meant is that what is thought
to have occurred by the subject is somewhat different from what actually
occurred, as a result of distortion in information transfer, such as by
newspaper articles, rumors, newscasts, etc. An example commonly given
to express this phenomenon is the case of a sfory being told from person
to person around a table, and by the time it getsbback to its originator
it is completely different.

The perception problem and motivational influences are two very
important other obstacles which cloud subjective assessments and must
be guarded against by the conscientious adviser or decisionmaker.
Peoples' prior perceptions about various subjects very often cloud the
issue, Advisers, analysts, and decisionmakers often can't see any other

viewpoint besides their own, no matter what the evidence.



Motivational biases occur where the assessment doesn't reflect
the subject's conscious beliefs, because of wishful thinking or the
distortion of judgements by payoffs and penalties. For example, a
salesman is likely to give low estimates to his future sales if he is
in a company which rewards him for exceeding his expected number. If
the company is faced with decisions where accurate estimates would be
very useful, then this company is hurt by its own reward structure.

Although the above distorting influences to probability assessment
are important for an adviser or analyst dealing with uncertainty to be
aware of, the cognitive biases stemming from the reliance on judgemental
heuristics to assess uncertainty is what I have concentrated on in this
study. Cognitive influences can be described as those influences which
cause the subject's beliefs to not properly reflect his state of infor-
mat'.ion.[3:|

Three common cognitive heuristics that are employed to assess prob-.
abilities and to predict values are anchoring, availability, and represen-
tativeness. They are often unconscious and uncontrollable influences,
like the use of clarity in assessing distance, which are believed to be
prevalent in not only laymen unknowledgeable in probability and statisEA]

tics, but also in experienced researchers when they think intuitively.

3. AN EMPIRICAL STUDY

In order to discuss these heuristics and the biases to which they
lead (which have been observed in other studies), and to see how preva-
lent they are in students of policy analysis and in experienced researchers,
I engaged in my own empirical study of a small sample of people whose work
is highly involved with dealing with uncertain future events. The sample
consisted of 36 respondents—20 graduate fellows in the Rand Graduate
Institute of Policy Analysis, 11 faculty members of RGI (all experienced
researchers of The Rand Corporation), and 5 members of the Rand profes-
sional staff not associated with RGI.

The respondents were also asked to self-rank their knowledge of
probability‘and statistics, as well as to rank how much of their work
involves uncertain future events, This was in order to isolate some

of the sample, and to test the>hypothesis Ehat these cognitive influences



are prevalent in even experienced researchers with a good deal of
knowledge in probability and statistics when they think intuitively.
The ranking was on a scale of 1 to 5. Of the total respondents, 11
ranked their knowledge of probability and statistics at a level of 4 or
greater. When ranking their work as to the extent which it involves
uncertain future events, 21 of the respondents assessed this at a level
of 4 or greater. The questionnaire is included in its entirety

as the Appendix.

4. ANCHORING

"... Make your decisions as

much on the safe side as possible,
remembering that things can easily
happen that should not have hap-
pened. Unless forced by necessity
do not restrict yourself." [°]

- Francesco Guicciardini (1483-1540)

Anchoring is a cognitive influence where initial ideas, or prema-
ture estimates, play too large a role in determining final assessments.
This common heuristic leads to biases in the assessment of subjective
probabilities, as well as in the evaluation of the likelihoods of con-
junctive and disjunctive events.

In decision analysis, as I have already elaborated upon, advisers
or experts are often required to express their beliefs about an uncer-
tain event, such as the value of the Dow-Jones average on a particular
day, in the form of a subjective probability distribution. Such a dis-
tribution is usually constructed by asking the person to select values
of the quantity that correspond to specified percentiles of his subjec-
tive probability distribution. For example, the expert may be asked to
select a number, X99, such that his subjective probability that the
actual value of the Dow-Jones average is less than X99 is 0.99. That
is, he assesses that there is a 99 percent chance of the true answer
falling below Xyq. 1%

In this study (Part I of the questionnaire), I asked 25 of these

types of questions--questions where the true answer is unknown to the
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respondent, but which can be looked up in some reference. These were
obviously used in order to be able to evaluate the results, as opposed
to asking questions about future events. However, such questions do
call for the subjective assessment of probabilities. Since the true
answer is unknown to the subject, it is uncertain to him. Thus, given
his limited information, he must now assess his probabilities as to
what the true answer is likely to be. Several other investigators have
obtained probability distributions, on questions such as these, for

[1,6,7] The respondents

imany quantities from a large number of assessors.
to such questions, as was the case in this study, were nearly all able
to give meaningful responses. In fact, in this study 100 percent of

the respondents gave meaningful distributions. Thus, to the question:
Can people express themselves in probabilistic terms? the answer

seems to be yes.

One striking characteristic of the responses, also prevalent in
this study, is that the true answer appeared in the tails of the
respondent's distributions much more frequently than theoretically
would be expected. For example, if the assessors are properly assessing
their uncertainty, the true values should fall below XOl’ for 1 percent
of the questions and above ng for 1 percent of the questions. Thus
the true values should fall outside the 98 percent confidence interval
between XO1 and X99 only on 2 percent of the questions.

In this study, out of 25 questions and 900 responses (25 x 36),
41.4 percent of the true answers fell outside the confidence interval
of 98 percent. In 157 cases, the true answer fell below a point someone
had selected as the l-percentile level, xOl' In 215 cases the true
answer fell abovée a point someone had selected as the 99-percentile
level, X

99°
claiming to expect only 9 (1 percent of 900) answers should fall in

However, the respondents, by their assessments, are

each of these regions, The distribution of the responses, along with
~ the theoretical distribution, is graphed in Figure 2.
These results are remarkably similar to those of other studies.

A breakdown of these results 1s as follows:
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Percentage of True Values
Falling Outside the
.01 to .99 Range

This Study seeseeescccaasannnss 41.4
Brownltd (1970) +evvenrnvreenns 42.0
Alpert-raiffa (1969) 161 [ ..., 41.0

Breaking up the sample into RGI students, faculty, and Rand

researchers:

Percentage of True Values
Falling Outside the
.01 to .99 Range

RGI Students (20) ..eveoccevas 44.8
RGI Faculty (11) .seeeieeevncens 40.0
Rand Researchers (5) ..eeciaee 39.2

Breaking up the sample into those who self-ranked their knowledge
of probability and statistics at a level of 4 or greater:
Percentage of True Values

Falling Outside the
.01 to .99 Range

Self-ranking below 4 (11) ...... 43.5
Self-ranking above 4 (25) ...... 36.4

In noting the remarkable similarities in this study's results to

those of other investigators, it is important to consider the backgrounds

[1]

had 31 respondents,

(61

of the respondents in each case. The Brown study
all students at UCLA and of various filelds. The Alpert-Raiffa study
had about a thousand respondents of various backgrounds. This is in contrast
to 36 respondents; 20 graduate students of policy analysis, 16 experienced
researchers of The Rand Corporation, and 21 of whom deal with uncertain
future events in their daily work to a great extent according to their
self-rankings. Yet, in assessing subjective probabilities intuitively,

these 36 respondents have displayed nearly identical results as other

groups from a variety of backgrounds. In fact, when we isolate the RGI
students' responses from the researchers' responses, as above, we see

that there is essentially no statistical significance in their differences
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of the percentages of true answers falling in the outside range. Even
when we consider those who ranked themselves as having a good deal of
knowledge about probability, although their percentage of answers falling
in the outside range is lower, 36.4 percent, than those who didn't,

43.5 percent, even this difference is not of great statistical signifi-
cance given the small sample size. This small improvement might be
explained, however, by the fact that those with a knowledge of probabil-
ity might have a better understanding about what is meant by a 1 percent
chance or a 99 percent chance. » '

Thus, these results tend to substantiate the claim that when thinking
intuitively about uncertainty, even those with a good deal of experience
in research and a knowledge of probability tend to display the same
common heuristics and blases as do less knowledgeable individuals. This
brings to mind another very pertinent quote of Guicciardini when, in
his Ricordi, he wrote:

"The future is so deceptive and subject to

so many accidents, that very often the wisest of
men is fooled when he tries to predict it. If you
look very close at his prognostications, especially
when they concern details--for often the general
outcome 1s easier to guess——you will see little
difference between them and the guesses of those
who are considered less wise."[%]

The reason for such large percentages outside the 98 percent con-
fidence interval can be explained by the common heuristic of anchoring.
Subjects are consistently stating overly narrow confidence intervals
which reflect more certainty than is justified by their knowledge about
[4]

for the value of the Dow Jones average, for example,

the assessed quantities.

To select X99
it is natural to first think of one's best estimate. Once having
assessed this, then adjust upwards to the X99 level. Likewise, ih
assessing XO
adjustment, as is consistently the case, 1s not extreme enough then

the confidence interval will be too narrow.[4] The problem with this

1° adjust downwards from your best estimate. If this

approach is that people are anchoring on their best estimate. They are
giving too much importance to this estimate in light of their insuf-
ficient knowledge.
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Essentially people are trying to substitute certainty for uncertainty
in giving too much importance to their point estimate. This is a big
problem in many studies involving planning decisions. How many times
have we heard of a project being estimated to last only a few years, and
actually ending up lasting for several years and costing several millions
of dollars more? The more one does not know about an uncertain quantity,
the wider his distribution should be!

Further evidence of anchoring is given by the results of Part II
of the questionnaire. Here three questions were posed, each asking for
a probability estimate of a certain quantity being greater than a
specific number, and then asking for the best estimate of the actual
quantity. Half of the sample, however, read different specific numbers
formulated in the questions. That is, 19 respondents read the questions as:
(1.2 million) 1. What do you assess as the probability of the

Pentagon having an area greater than 500,000
square feet?

(44.38) 2. What do you assess as the probability of
Sophia Loren being older than 557
(3831.5) 3. What do you assess as the probability of the

straight airline distance between Peking, China,
and Bombay, India, being greater than 5000
statute miles?

while the other half, 17 respondents, read the questions as:
(4.4 million) 1. What do you assess as the probability of the

Pentagon having an area greater than 3,000,000
square feet?

(42.96) 2. What do you assess as the probability of
Sophia Loren being older than 357
(2658.3) 3. What do you assess as the probability of the

straight airline distance between Peking, China,
and Bombay, India, being greater than 1,000
statute miles?

My intention in doing this was not so much my interest in their
probability estimates, but in what they would assess as their best
estimates of the actual quantities, given the different formulations of
the questions. The mean responses of the best estimate to each of the
above quantities afe glven above in the parentheses next to each ques-

‘tion, Thus, in regards to the Pentagon, the group who read the question
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with 500,000 square feet had a mean response of 1.2 million. On the
other hand, the group which read the question with the larger 3,000,000
square feet number had a mean response much larger, 4.4 million. Like-
wise with Sophia Loren's age, the group which read the question with the
smaller number, 35, had a mean response of 42.96, while the group reading
the larger number, 55, had a mean response of 44,38, Similar results
were obtained with respect to the question of the distance between
Peking and Bombay, as you can see. The mean responses, in all cases,
were the largest when the group had read the question formulated with
the larger number and smaller when they had read the question formulated
with the smaller number, This was also the case when the sample was
disaggregated and the mean responses of .the students, faculty, and
researchers were compared. Both groupé'have essentially the same

amount of knowledge as to the three quantities asked for. Why should
their mean responses be so different?

One likely explanation of such a phenomenon is again anchoring.
Each group, with limited knowledge of the actual quantities, used the
number formulated in the question as an anchor. That is, either con-
sclously or unconsciously, they adjusted their estimate using this number
as a base, and as was the case in Part I, the adjustments were insuffi-
cient, Too much importance was given to the initial value first implanted
in their minds. .

Experts and advisers should be very aware of this influence in
dealing with uncertainty and try to avoid it. Likewise, decision
analysts, in assessing subjects' probability distributions, should never
pose a question to their subjects which contains a number, as in the
cases above. )

Another type of bias, due to the cognitive influence of anchoring,
occurs in the evaluation of conjunctive and disjunctive events. A con-
junctive event is often referred to as a compound event., It is an event
whose success is dependent on the concurrent success of several events.
An example of a conjunctive event is given in statement 1l(a) of Part III
of the questionnaire in regards to the qualifying examination example.
Another example, particularly significant in the context of planning,
is the development of a new product, Typically, the development of a

new product has a conjunctive character: for the undertaking to succeed,
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each of a series of events must occur. It is important to realize,
-however, that even when each of these events is very likely, the over-
all probability of success can be quite low if the number of events-is
large.IA]

A disjunctive event, on the other hand, is an event where the
success or failure of the event 1s dependent upon the success or failure
of only one of several events. An example of this type is statement 1(b)
of Part III of the questionnaire. Other examples are complex systems,
such as a rocketship or the human body, which will malfunction if any
of its essentlal components fails. Here it is important to note that
even when the likelihood of failure in each component 1s slight, the
probability of an overall failure can be high.[4]

Studies of choice among gambles and of judgements of probability
indicate that people tend to overestimate the probability of conjunctive
events and to underestimate the probability of disjunctive events.I4]

These biases can be readily explained as results of anchoring.

Note that the overall probability of a conjunctive event is lower than
the probability of each elementary event, whereas the overall probabil-
ity of a disjunctive is higher than the probability of each elementary
event. Thus, in the process of estimating the overall probability of
such events, by anchoring on the elementary event and adjusting from this
base, typlcally the adjustment will not be sufficient and you will wind
up overestimating conjunctive events and underestimating disjunctive ones.

In regard to the responses to Part III of the questionnaire,
this particular bias is not clearly displayed for this sample. I attribute
this in part to the ambiquity in the way I posed the questions and on the
knowledge of simple probability on the part of the respondents. For
statement 1(a) and statement 1(b) the actual probabilities can be easily
calculated depending upon what you take to mean as "extremely high" or
"extremely low." For instance, if "extremely high" meant .9 and
"extremely low" meant .1, the probability of success for the group in
1(a) is .348, while that for the group in 1(b) is .652. For the two
groups to have equally likely chances of success, 'extremely high' would
have to be about ,94 and "extremely low" about .06. Thus the most '
logical answer to this question would be ‘either that group (b) 1s more }7
likely to pass or that they have about the same chance, For gfoup (a):
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to have a better chance you would have to be assessing "extremely high"
as greater than .94, This, of course; is posaible.

Of the 36 respondents in this study, only 34 were able to answer
this question. Of these 34 responses, the results are:

group (a) more likely tO pass «viseesssss 8
group (b) more likely to pass ........... 13
about the S8ame .....coeseecessesveccnnsess 13

Therefore, eight respondents, 23.5 percent, perhaps assessed the
likelihood of group (a) passing as too high and that of group (b) passing
too low, thus displaying the common trait of overestimating the chances
of conjunctive events and underestimating those of disjunctive events.

I say perhaps here, because of these eight, perhaps some were actually
perceiving "extremely high" as being above .94 and "extremely low" as
being below .06. This I cannot conclude from the way in which the prob-
lem was formulated. Also, because the actual calculations are a simple
matter in this case, I am not surprised by the overwhelming majority of
answers being in favor of either group (b) passing, or "about the same.”

My purpose in asking this question was, of course, not to evaluate
what people assess as "extremely high" or "extremely low," and not to
see how well they can do simple calculations, but rather to see if there
was a tendency to overestimate or underestimate the conjunctive and the
disjunctive events. I decided not to pose the problem using actual
probabilities such as .9 for "extremely high" or .1 for "extremely low"
because I feared calculations of the correct answers would result, and
I was only interested in intuitive responses. However, I feel that
calculations were still actually done, and by posing the problem with
the words "extremely high" and "extremely low'" this only added to the
ambiquity of the situation.

The importance for experts and advisers to understand the influence
of anchoring in the evaluation of conjunctive and disjunctive events is
nevertheless very important. Facing planning decisions,'or policy
issues, where the conjuctiveness or the disjunctiveness of an event is
clouded by many other issues, and where simple calculations.of the type
in Part ITI cannot be performed, it may be very important to accurately

assess the likelihoods of particular outcomes. These assessments
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can be only if anchoring has not biased them in overestimating the
likelihood of the conjunctive events and underestimating the likeli-

hood of disjunctive ones.

5., AVAILABILITY

Availability is another cognitive influence which frequently dis-
torts individuals' proper assessment of probability based upon their
state of information. People too often give’a higher likelihood to an
event occurring by the ease with which instances or occurrences can be
brought to mind.[A]
probabilities because many times the easier it is to think about a class

This is often a useful heuristic in assessing

of events, the more frequent they are in nature.-  However, availability
is often affected by many other things than just frequency and this caﬁ
lead to many common biases. For example, if one has just seen an auto-
mobile accident, more often than not he will assess the probability of
automobile accidents higher than if he had not seen one in three or
more years. This is an example in which the availability of the eyent
was affected by how recently the assessor had experienced such an event.

Another very common way in which availability is affected, and which
can lead to biases in probability assessment, is due to the effective-
ness of a search set. One example of such a bias, which has been
obgerved in a recent study,[A] is that people more often give higher
probability that a word in the English language chosen at random starts
with the letterir than that r is the third letter. People approach
this problem, it is believed, by recalling words that begin with r (road)
and words that have r in the third letter (car) and assess the relative
frequency by the ease with which words of the two types come to mind.
Because it is much easier to search for words by their first letter than
by their third letter, most people, as was observed, judge words that
begin'with r as more frequent than those that have r in the third
letter.I4J

In testing for this influence, in this study (Part IV of the ques-
tionnaire), I posed the same question to our group of 56 respondents.
The results are that 13 people assessed the word is more likely to begin
with r, while 23 people judged the word more likely to have r in the
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third letter. Evidently, this group doesn't seem to exhibit this
bias as much as other groups which have been studied. However, 13 of
36 did err, which may have been caused by this influence on availability.

Another influence on availability, and which can lead to further
blages in the assessment of probability, is that of imaginability.[al
Cases whose instances are not stored in memory, such as scenarios which
have never happened but only have been postulated for the future, are
often given high probability by the ease of imagining such occurrences.
However, the assessment of probabilities of various events based on the
ease of imagining such events can often lead to distortions of your true
state of information and thus bias your assessment.

Imaginability plays an important role in the evaluation of prob-
abilities in strategic situations, and is a cognitive influence of which
advisers should be acutely aware, For instance, the risk involved
in an adventurous expedition is often evaluated by imagining contin-
gencies with which the expedition is not equipped to cope. If many such
difficulties are vividly portrayed, the expedition can be made to appear
exceedingly dangerous, although the case with which disasters are imagined
need not reflect their actual likelihood. Conversely, the risk involved
in an undertaking may be possibly underestimated if some possible dangers
are either difficult to conceive of, or simply do not come to mind.IA]

Another example of the way in which imaginability affects assess-
ment is with respect to the chances of a serlous nuclear power plant

[3]

accident. Because of a lot of publicity in newspapers, brbadcasts;
and magazines on the risks and dangers of such accidents, and because
of the catastrophic results of such an accident in which people cannot
cope, such accidents are easily and vividly imagined. As such, the
likelihood of such accidents are commonly overestimated. In asking the
36 respondents of the questionnaire (Part IV), which is more likely to
occur in 1980 (assuming there are 100 nuclear power plants in operation
as estimated)--1000 fatalities due to meteors or 1000 fatalities due to
nuclear power plant accidents-—26 judged nuclear power plants more likely
to cause such fatalities. .ﬁsﬁever, in a recent study undertaken by the
Atomic Energy Commission, under the independent direction of Professor

Norman C. Rasmussen of M.I.T., in order to estimate the public risks of
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commercial nuclear power plants, assessed this probability as low as
1/1,000,000, about the same as that of 1000 fatalities due to meteors.[S]
Although the validity of the scientific methods and the objectivity of
the researchers for this report may be questioned, it is nevertheless
very important for plannefs and advisers to recognize the tendency to
overestimate or underestimate likelihoods, such as in the case of nuclear

accidents, based on the cognitive influence of imaginability.

6. REPRESENTATIVENESS

Representativeness is a cognitive heuristic which can lead to
serious distortions of your true state of information and thus to the
assessment of relative likelihoods. This heuristic is commonly observed
where individuals are given some evidence for a class of events and who
are then asked to assess the probability of a certain event, given the
evidence. Too often people assess this probability of an event, given
evidence, as the probability that makes the evidence most likely,[3]
essentially disregarding any prior information which they may have, and
even disregarding the predictability of the evidence.

- As an example of this kind of judgement, consider the case where
as evidence you are given a brief psychological profile of a man taken
15 years ago when he was a senior in high school. The example given
.in Part V of the questionnaire is just such a case, and one of many
which have been studied before.[4]
similar.

The results again are remarkably

The profile read:

"Steve is very shy and withdrawn, invariably
helpful, but with little interest in people, or in
the world of reality. A meek and tidy soul, he has
a need for order and structure, and a passion for
detail."

Now, from a list of possible occupations (in this case, farmer, sales-
man, airline pilot, librariaﬁ, and physician were used) ask; How do
"people order these occupations from most to least likely? How do people
assess the probablility that Steve is engaged in a particular occupation?

In the representative heuristic, the probability that Steve is a librariam,
for example; is assessed by the degree to which he 1is representative of,

or similar to, the stereotype of a librarian,
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Indeed, research with problems of this type has shown that people
order the occupation by probability and by similarity in exactly the same
way.[4] Thus it would be expected that most ﬁéople, since the profile
of Steve fits the stereotype of a librarian very well, would think Steve
is most likely a librarian. Indeéa, 28 of the 36 respondents
answered in this way.

Assessing likelihoods in this way leads to serious errors, because
similarity, or representativeness, is not influenced by several factors
that should affect judgements, most: important of which are the indi-
vidual's prior information and the predictability of the evidence given
to him, In the case of Steve, for example, the fact that there are
many less male librarians than male farmers (as is also true of the other
professions listed) in the population should enter into any reasonable
estimate of the likelihood that Steve is a librarian rather than a
farmer (or any of the other professions). There is also another very
important factor which should be considered in any reasonable estima-
'éibﬁ, and that is the predictive value of the evidence. A brief
psychological profile taken 15 years ago is not a very good prediction
of ‘someone's personality, and someone's personality is not necessarily
a good predictor of his occupation. However, due to the overwhelming
majority of responses that Steve is most likely a librarian, it is clear
people are using the respresentativeness heuristic and completely dis-
regarding all prior information and the predictability of the evidence.
The importance, however, for advisers and analysts in being aware of
representativeness and not disregarding prior information and the pre-
dictability of their evidence can never be overstated. Thus, I find
it somewhat amazing that the respondents to this study, being students
of policy analysis and experienced researchers dealing with problems
involving uncertain events, exhibit the same error in judgement as do
others not in such professions.

Question 2 of Part V of the questionnaire is a classic example of
people disregarding prior informafion and the predictability of the
evidence. The respondents were told that Frank is currently in a group
of 100 professionals consiating of 30 lawyers and 70 engineers. Then
they were given what was intended to be totally superficial and non-.

predictive evidence relevant to the question as to whether he is an
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engineer or a lawyer (He is married, no childrem, well liked by his
colleagues, etc.)., Consequently, the probability of his being an
engineer should clearly be .7, the proportion of engineers in the
group. However, the mean response to this question was .632 with 15
answers being other than .7. The lowest responses, mean of ,6, came
from the most experienced researchers, the group of 11 RGI faculty
members. I even got responses as low as .2 and .4.

A further example of representativeness, and one which I thought
would not be prevalent in this group because of their knowledge of
statistics, is insensitivity to sample size. To evaluate the probabil-
ity of obtaining a particular result in a sample drawn from a specified
population, people typically apply the representativeness heuristic.[AJ
That is, they assess the likelihood of a sample result, for example,
that the height in a random sample of ten men will be 6 feet, by the
similarity of this result to the corresponding parameter, that ié, N
to the avefage height in the whole population of men. Thus, if people
know the average height of the whole population is about 6 feet, then
they tend to give a high probability that the average height of only
ten men will be 6 feet. Consequently, if probabilities are assessed
by representativeness, then the assessed probability of a sample statis-
tic will be essentially independent of sample size since the similarity
of a sample statistic to a population parameter does not depend on.the

[4]

gize of the sample. However, this way of thinking clearly leads to
error since the smaller the sample size, the more likely the sample
statistic will be different from the population parameter.

In the example of the hospital question, given in Part V of the
questionnaire, when the role of sample size is even emphasized, al-
though 21 of the respondents correctly answered the smaller hospital,
as many as 15 (10 of these being RGI students) answered that they
thought the probability of obtaining more than 60 percent boys to
be the same in the smaller hospital as in the larger one. This is
likely to have occurred because these results are described by the
same population parameter, i.e., 50 percent boys and 50 percent girls.
To ﬁaraphrase another author,lA] evidently thé role of sample size is

not very prevalent even in this group's repertoire of intuitions.
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7. DISCUSSION

Properly assessing your subjective probabilities is extremely dif-
ficult, and is more of an art than a science. One's subjectiye prob-
ability of an uncertain event should truly reflect his proper state of
information if it is to be of any value at all for planning purposes.
That is, the less information you have on an uncertain set of outcomes,
the "wider" your distribution should be, since you want to make sure
for planning purposes that you are considering all possible events by
their relative likelihoods. Likewise, the more information you have
about an uncertain set of outcomes, the "tighter" you should want to
make your distributionm, since the more certain you are of the outcomes
the better you can plan for the future. However, it is crucial not to
make your distribution too "tight," otherwise your plans may overlook
many possible outcomes. _

Many attempts have been made to use various scoring functioms, or
gambling simulations, which provide incentives for proper assessment.[l’9]
The inéeﬁtiveswin”mbst of‘fhese cases are to properly assess your state of
information by trying to give as "tight" a distribution as the amount of
information you have can justify. In decision analysis, for example,
subjective probabilities are determined by choices among bets where
theoretically, according to a general theory of rationality proposed by
Von Neumann and Morgenstern, it can be shown the proper assessment of
your information will give the highest expected return. As useful as
these approaches are,rhowever, they are not sufficient in inducing
proper assessment without an understanding of the many influences
which distort the way individuals intuitively think about their state
of information and uncertainty.

In this study I have tried to point out many of the common cogni-
tive influences, and biases to which they lead, that people undergo,
either consclously or unconsciously, in the intuitive assessment of
probability. These heuristics and blases are not only prevalent in
people of a variety‘of backgrounds, laymen if you will, but are also
common in experienced researchers when they think intuitively. A better
understaﬁding of these simple heurtatics, and the biases to which they
lead, by improving the ability for individuals to properly assess their



-21-

true state of information, could impxoye judgements and decisions in
situations of uncertainty. It is.very important, thexefore, that
advisers and analysts who are involved in planning for uncertain future
events be aware of, and consciously try to avoid, these influences.
Much more research is needed in the area of the proper assessment
of subjective probability, One of the most crucial aspects of any
policy analysis, faced with grave uncertainties about future events and
increasingly less resources to deal with the eventualities, is the
consideration of these uncertainties and the planning of policy based
on the relative likelihoods of events. As 1s usually the case, what
is often the most important to do is the most difficult.
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Appendixllo]

PROBABILITY ASSESSMENT QUESTIONNAILRE

BACKGROUND SECTION

1.

Are you an RGI student or not; and if you are, what year are you in?

(a) RGI student H Year

Are you a member of the RGI faculty?

Yes No

How would you rate your level of expertise regarding probability and statistics?

Relative novice 1 2 3 4 5 Relative expert

To what extent do you feel your work involves, implicitly or explicitly, uncertain
future events?

Relatively little 1 2 3 4 5 Relatively a lot



=23~

PART I

The following 25 questions in Part I are what are commonly referred
to as "Almanac Questions." They all have specific known answers which can
be looked up in any almanac or some statistical study. What I am asking
you to do is to assess a probability distribution for the true value,
since for many of the questions you will have absolutely no prior knowledge
of this value. This is not a test of how well you can look up facts.
Indeed, such a thing would be a great waste of your time; the correct
values will be distributed to you after the responses are all in.

Rather, since the true values are unknown to you, I am asking you to
specify this uncertainty in a probability distribution.

For example, if the unknown value is the population of Cairo, Egypt,
in 1966, I am asking you to fill in the following blank spaces with what

' you assess to be the most appropriate value, That is,
1% chance of being less than .
25% chance of being less than .
5% chance of being less than .
75% chance of being less than .
99% chance of being less than .

Suppose you assess these values as being 10,000, 100,000, 1 millionm,
1.5 million, 2 millioﬁ, respectively. That is, you feel there is a 25%
chance of the true value of the population of Cairo in 1966 being less
than 100,000, Likewise, you feel that there is a 75% chance of it being
less than 1.5 million. According torthe notation of the following questions

in Part I you would answer this as:
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1% chance of being less than
25% chance of being less than
50% chance of being less than
754 chance of being less than
997 chance of being less than

The population of 10,000 100,000 1 million 1.5 million 2 million
Cairo, Egypt,
in 1966

I am fully aware that many of these questions are meaningless to
you; however, please answer them to the best of your ability. Try to
remember that since you do not know the true value, it is uncertain
to you; thus, try to use whatever knowledge you have of the topic to
give a representative distribution. Try to think of it as a situation
where you are faced with a decision in which certain variables, out of
your control, are very cruclal to the outcome of your decision but which
you have varying degrees of knowledge as to their possible values.

There is no way to determine what the true value will be, and, as such,
you must do the next best thing and somehow represent your uncertainty

with a distribution.
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Please, if you have any trouble in answering these questions, let
me know, and I will try to straightem it out. Do not spend a great
deal of time on filling in your distributions; 30 seconds should be

ample for each.
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11.

12.

13,
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1% chance of being
less than

The number of P publications
published at Rand in 1974,

25% chance of being

less than

50% chance of being

less than

75% chance of being

less than

99% chance of being

less than

The population of Turkey in 1973.

The U.S. unemployment percentage
(percent of civilian labor
force) in December 1969.

The amount of dollars spent by
the U.S. military in 1968.

The present amount of Democrats
in the House of Representatives
(after 1974 election).

The height of the Washington
Monument (in feet).

The number of major strikes,
or work stoppages, reported
during the World War II period

(Dec. 8, 1941-Aug. 14, 1945),

The number of American
casualties in the Revolu-
tionary War.

The height of the Eiffel
Tower in feet,

The number of telephones in
Africa in 1966,

The divorce rate (number of
divorces per 1000 population)
in the U.S. in 1962,

The number of deaths attributed
to electrocution in 1969 in
the U.S.

The number of deaths attributed
to lightning in 1969 in the U.S.




14.

15.

16.

17.

18.

19.

20,

21.

22,

23.

24,

25,

The number of gallons of beer
produced in the U.S. in 1964.

The number of deaths due to
Polio in 1965 in the U.S.

The number of space vehicles
in the earth orbit as of June

The average annual income (in
U.S. dollars) per citizen of
S. Vietnam in 1966.

The total number of deaths in
the U.S. in 1966.

The U.S. military consumption
of jet fuel (in barrels)
in FY 1975.

The number of cities in the
U.S. having a population over
100,000 in 1910.

The average consumption
per person (in standard 1/5

gallon bottles) in the U.S.
in 1960 of domestic wines.

The number of 747 jets in the
U.S. civilian fleet in 1974,

The total number of telephones
in use in the U.S. as of
Dec. 31, 1940.

The population of New York Cit
in 1798,

The percentage of families in
the U.S., having money income
of less than $2,000 in 1965,

1966,

y
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1% chance of being

less than

257% chance of being

less than

50% chance of being

less than

75% chance of being
less than

99% chance of being

less than
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PART II (given to 19 respondents)

In the following three questions of Part II, I am asking you to fill inm,
first, a probability (a fraction between 0 and 1), and second, your best estimate
of the true value (a number). Again, all the true values can be looked up, so

please only give me your intuitive response.

1. (a) What do you assess as the probability of the Pentagon having an area greater

than 500,000 square feet?

(b) What is your single best estimate of the area in square feet?
2, (a) What do you assess as the probability of Sophia Loren being older than

557

(b) What is your single best estimate of her age?

3. (a) What do you assess as the probability of the straight airline distance
between Peking, China, and Bombay, India, being greater than 5,000 statute

miles?

(b) What is your single best estimate of the correct distance in statute

miles?
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PART II (given to 17 respondents)

In the following three questions of Part II, I am asking you to fill inm,
first, a probability (a fraction between 0 and 1), and second, your best estimate
of the true value (a number). Again, all the true values can be looked up, so

please only give me your intuitive response.

1. (a) What do you assess as the probability of the Pentagon having an area greater

than 3,000,000 square feet?

(b) What is your single best estimate of the area in square feet?

2. (a) What do you assess as the probability of Sophia Loren being older than

357

(b) What is your single best estimate of her age?

3. (a) What do you assess as the probability of the straight airline distance
between Peking, China, and Bombay, India, being greater than 1,000 statute

miles?

(b) What 18 your single best estimate of the correct distance in statute

miles?
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PART III

1 (a) A group of 10 RGI fellows are about to take thelr qualifying exams. How-
ever all must pass, otherwise none will. Yet, the administrators, knowing
each student's capabilities very well, assess the likelihood of each student
passing as "extremely high."

(b) Now in the following year another group of 10 RGI fellows, completely
different from last year's group, are about to take their qualifying exams.
Now, howeyexr, only one student need pass for all of them to pass. Yet
the same administrators assess the likelihood of each student individually

passing as "extremely low."

Which of the above two groups would you assess as most likely‘to pass?

Group (a) Group (b) About the same

(Check where appropriate)
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PART IV

1. Suppose one samples a word (of three letters or more) at random from an English

text, Which is more likely?

(a) the word starts with r,

(b) or r is the third letter.
(Check the appropriate answer)

2. Which do you think is most likely to occur in 1980 (assuming there are 100 nuclear

power plants in operation as estimated)?

(a) 1000 fatalities to meteors.

(b) 1000 fatalities due to nuclear power plant accidents
(Check where appropriate)
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PART V

1.

Steve W., 15 years ago, was a senior in high school. He was given a psychological
examination at the time, as were the other seniors. His profile reads as follows:
"Steve is very shy and withdrawn, invariably helpful,
but with little interest in people, or in the world
of reality. A meek and tidy soul, he has a need for
order and structure, and a passion for detail."
Today Steve is in one of the following professions. Please order these from most

to least likely (i.e., from 1 to 6) as to what you think Steve is.

Physician

Farmer

Salesman

Librarian

Airline Pilot

Frank S, is currently in a group of professionals consisting of 30 lawyers and
70 engineers. Frank is a 30-year old man. He is married with no children. A
man of high ability and high motivation, he promises to be quite successful in
his field. He is well liked by his colleagues. What do you assess as the

probability of Frank S. being an engineer?

A certain town is served by two hospitals. In the larger hospital about 45 babies
are born each day, and in the smaller hospital about 15 bables are borm each day.
As you know, about 50 percent of all babies are boys. However, the exact per-
centage varies from day to day. Sometimes it may be higher than 50 percent,

sometimes lower.

For a period of 1 year, each hospital recorded the days on which more than 60 per-
cent of the bables born were boys. Which hospital do you think recorded more

such days?

(a) the larger hospital

(b) the smaller hospital

(c) about the same (that is,
within 5 percent of each other

(Check where appropriate)
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