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ABSTRACT

This study investigated how individuals assess the probability of an uncer=
tain event by examining the effects of probability level (P) and sample size (™)
on subjective probability estimates, Subjects were asked to produce a subjective .
- probability distribution for one of nine different binomial distributions. Three
different binomial populations were used (binomial‘p = ;30, .50, and .75 ). Each |
populatiomr was tested for three different sample sizes ( ¥ =10, 100, and 1000).
Therefore, there were.two independent variables, binomial probability and sample
size. The dependent variable was the subjective probability estimate. Thus, a 3 X 3

L]

beiween subjects experimental design was used. The number of subjects tested was
201,

Various analyses were perform;d in order to determine how in&ividuals assess
the pfobability of an uncertain event. Essentiélly. the subjects in this stud&
were homogenous. No systematic rélationship between subject characteristies and
the subjects' probtability estimates was found (i.e,, neither age no¥ sex had an
effect on the subjective probabiliyy estimates). These results may have been due
" to the complexity of the task,

' Sample-size did not significantly affec® the subjective prohability estimates
of the various binomial distributions. In contrast, the probability level of the
binomial distribution heavily influenced the subjects' subjective probability esti-
mates, It was also found that subjects varied their subjective probabiliiy esti=-
mates on the basis of category. Overall, subjects underestimzted the middle cate=
gories (i.,e., categories 4 - 8 ) and overestimated the categories at the tails
(i,e., categories 1 - 3 and categories.S - 11). These results may have been due
to the under/over bias effect (see Kahneman & Tversky (1972) ).

Finally, the goodnesé of fit between the subjective probatility estimates and

the calculated objective probability values was tested, The subjects' subjective

i
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protability estimates differed significantly from the objective probability

values acroés all problems and across all categories, However, subjects esiimated )
the binomial distributions with 10 cases much better than binomial distributions
with 100 or 1000 cases. The maénitude of the departure from the objective proba-
bility values was wimilar for binomial distributions of 100 or 1000 cases. fhis
finding again illustrated that subjects ignored the effects of sample size. The
relationship of the findings to decision theory was discussed, and suggestions for

future research studies were presented.
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CHAPTER I
INTRODUCTION

Individuals must oft;n make decisions about people and about events on the
'hasis of 1i*£1e or no information (e.g., success in a new Job, future ialue of
IBM stock, outcome of a sports event). These situations occur réEilarly because
there ié-no tine to obtain the necessary information cr because fﬁe rnecessary ine

forration- is umavajlable, This study will lnvestlgate bow individuals zssess the
,robablll ty of an uncertain event. In addition, it will investigate how sa:ple
size affﬁcts these prcbability estimates. Finally, 1: will exanine how 1nd_v1~"al
robability esiimates iif?er rom the calculated rrobabiliiy values.,

Traditionally, ihe :eséarch'on decision making has been divided int;-two se~
rarate but reiated areas; normative decisioﬁ'theory and desciiptive decision theo=
. ﬂc:mativg decision thgory seeks to determine the ideal or optimal prinéipies
of Zeeciscn ;aking. It aésumes that men are raticnal and tha* ey atlengt to maxi-
mize their goins and minimi;e their losses, This area has teen extensivel: studled
by mathematicians (ef. Savege (195%) ) and by economists (of. Von Neumann & Mome
genstern (1653) ).

In contrast, descripti&e (or tehavioral) decision theory is concermed with ~
the choices that men actuélly make. In sc doing, it ¢escrides the decisien making
Zshavior of real people. Consequently, tehavioral decision theory is of interest
to applied psychologists (see Cascio (1¢78) ). Research in this area has examinec

th%_various persornal anc situationzl factors invelved in decision makin g (e.g.,

akility to process information, risk taking, gamoli ng teravior, and game theorv)

.



Literature Review .

Subjective probability. Subjective probadbility is an important reseaxrch
area in behavioral decision theory (cf. Edwards (1961) ). Subjective lprobabili.-
ties represent an in&ividpai‘s estimate.of the likelihood .of 2 given event. This
estimate may or may ﬁot_cor:espond to‘the objective probability. A number of
studies have examined how individuals determine the subjective probibilities of
events in a variety of contexts. For example, psychologists have studied decision
making in the contexts of proﬁﬁbility'learning, intuitive staistics, and risk
(sefa Cohen, Dearnaley, & Hansel (1957) and Peterso;'l & Beaéh (1967) ).

Frequently, decisions must be made under qonditions of uncertainty (e.g.,
success of a business ventute, outcome of an election, success of English majors
in law school). These conditions arise when there is no time to obtain the neces-
sary iq%g;ﬁétion or when the necessary information is unavailable. Under such
conditiéns. a persdn bases his decision 6n his beliefs about the underlying ob-
jective probability distribution (see Luce & Raiffa (1957) ). In many cases, how= -
ever, an individual’s beliefs about the underlying probability distribution are
.erronecus. Consequently, the subjective probability distribution does not match
the objective probability distribution (see Téérsky & Kahneman (1974) ),

This study will examine how individuals make subjective probabiiity esti-
mates. Specificglly, it will assess the effects of samplé size (N) and binomial
probability {P) on subjective protebility estimates. Moreover, it will compare
the subjective probability eétimates and the objective probabiliiy values. Much
research has been devoted to the question of how individuals evaluate the proba-
bilities of uncertain events, Some relevant research studies are now examined
and analyzed,

Savage (1954) looked at the formal properties of subjective probabilities.

Given the assu$ption that individuals can rank order all events, he defined sub-

D



jective robability as that number which represents an individual's beliefs
about the likelihood of a given event. Furthermore, he postulated that subjec—
tive probabilites have the same mathematical properties as objective probabili-
ties, Finally, he suggested that changes in subjective probability for a series
of events are gove£ned by Baves's Theorerm (i,e., EVi=5%(PiVi) ). Subsequent re-
search, however, has revealed that individuals do no£ always behave in accordance
with Bayes's Theorem (see Edwards (1968) ).

Cohen, Hansel, and their associates have also investigated subjective pro=
tabilities ( John Cohen, Dearnaley, & Hansel (1956) and John Cohen & Hansel (1955)).
Their research explored various facets of the relationship between suﬁjective pro=-
bability‘and objective probability. For example, they.studied the addition and mul-
tiplicaXion of subjective protabilities, the effects of task si;e on subjective
probability, and the properties of subjective binomial d%§tributions.

Based on the results of their research, Cohen and Hansel (1955) coneluded
that the relationship between subjective probability and objective probability is
ccmplex, In certain éituations, subjective and objéctive.probabilities tend to coine
cide; in other situations, they tend to differ; and @?ese differences are systema-
tic. In addition, they discovered that age and prior experience can greatly influ-
ence subjective probabilities.~Finally, they determined that £ﬁe nunber and the
value of the alternatives offééed can greatly affect subjective probabilities (see
John Cohen, Dearnaley, & Hansel (1957) ).

Tune (1964) studied how individuals perceive random events like coin tosses,
which are binomial experiments with provability .50. The subjects were asked to
gpierate a random sequence of hypothetical coin tosses, In response, they produced
;equences of coin tosses 'in which the proportion of heéds in any short segment
stayed far closer to p = .50 than the laws of probability would predict. In a se-

quence of ten coln tosses, for example, subjects usually generated five heads and

five tails,



"The results of Tune's (1964)”study indicated that individuals be}ieve that

a sample of any size must reflect the characteristics of the parent population.

If a sample proportion differs from a population proportion, individuals expect

a corrective bias in the opposite direct%on. For-example, if seven consecutive
heads occur in a series of coin tosses, most 1nd1v1duals expect that a tail will
appear on the next coin toss. This @*ror is known as the "gambler's fallacy”. The™™
"gambler's fallacy" demonstrates that many individuals do not understand the laws
of chance (i.e., probability theory). -

.A number of st}xdies have examined the properties of subjective binomial pro=
bability distributions.(e.g., Peterson, DuCcarme, & Edwards (1968) , Wheeler &
Beach (1968) , and Kahneman & Tversky (1972) ). These studies employed similar
methodologies and reported similar findings. Upon close examinat%on of these stu=
dies, a number of methodological shortcomings can be observed, which invélve: 1)
sample sizes of the binomial distributions were too small 2) dif fererit numbers
of response categg;iﬁﬁ’;;;c used to estimate different sample sizes 3) the number
of subjects used in each esperimental condition was inadequate 4) lack of varia-
tion in the probability level of the binomial distribution studied 5) each subject
estimated several subjective binomial probtability distributions,

Both the Peterson, DuCharme, & Edwards (1968) study and the Wheeler & Beach

. (1968) study suffered from some of the methodological flaws mentioned above, The
sample sizes of the binomial populations estimated were too small tN =3, 5 or

2 ). When the sample sizes estimated are too small, subjects may be able to enume-
rate the different possibilities. Moreover, different numbers of response catego=-
ries were used for different sample sizes. For a sample of size K, subjects eva-
luated N+1 outcomes, When different numbers of response categories are used, be-
tween group comparisons are difficult to make. They eqployed less than 10 subjects

in each experimental conditiom, Furthermore, subjects estimated several binomial



prcﬁability di§£ributioés. It is likely that their subjective probabilit§ esti-
mates were ﬁot independent, Finally, they only locked at binomial distributions
with prob@bility levels of .60, .70, or .80 . The probability le;els used by~
Peterson, DuCharme, & Edwards (1968) are insufficient because they only invddve
one side of the binomial distribution aﬁd do not include the probability level
of .50 .

Kahneman and Tversky (1972) corrected some of the methodological shortcomings

~

of the studies previously desc§§bed. First, sugjects Produced subjective probabi-
1lity distributions for sample s;zes of 10, 100, and 1000 (i.e., N-= 10, 100, and
1060). Eorg.importantly, subjects evaluated the same number of response categories
for all sample_sizes. Finallv, the Kahneman and Tversky (1972) study ﬁsed at least
45 subjects in each experimental condition.

However, the Kahneman & Tversky (1$72) study did not correct all of the
methodological weaknesses of the previous studies. The subjects in their study
énly evaluated dbinomial distributions with probability levels of .50 and .80 .
They did not look at binomial distributions with probability-ievels of less than
.50 . Additionally, Kahneﬁan aﬁd Tverskg user a repeated measures design., Each
subject produced at least three subjective probability distributions. Consequently,
the experimental results méy have been contaminated by practice and fatigue effectis,
In‘1982, Kahneman and Tversky commented that "within-subject designs are asso;i-
ated with.significant problems of interpretatior in many areas of psychglogical
research, In studies of intuitions, they are liable to induce the effeect which
'igéy are intended to test.”

The present study attempts to correct the methodological shorteomings des=— N
cribed above by : 1) using large sample sizes for thg binomial distributions
studied. Subjects. will estimate sample sizes of 10, 100, and 1000 for 2ll binomial

distributions studied. 2) using the same number of response categories to estimate



the different sample sizes. Subjects will evaluate 11 response categories for
all sample sizes. 3) using at least 20_subjects in each experimental éondition‘
4) using a variety of probability levels for the binomial distributions studied,

In the present study, subjects will evaluate binomial distributioms with proba=

'bility 1e§els of .30, .50, and .75 . 5) Subjects will produce only -one subjec-

tive probability distributicn. Consequently, the subjects' subjective probabi-

lity estimates will be independent,

Cognitive decision making. Coombs, Dawes, & Tversky (1970) in summarizing

the results of the research on subjective probability. distributions showed that
subjective probability scales appr;ximated linear functioné of objective probabi;
lity for ﬁost subjects. éowevef, there were systematic discrepancies from linea-
rity. Subjects tended to overestimate low probabilities (i.e., unlikely events)
and underesﬁimate high probabdilities (i.e., likely events). This result, the .
under/over bettor bias, has been found in many different studies (e.g.. Edwards

(1668} ). Figure 1 shows a typical subjective probability function,

Coombs, Dawes, & Tversky (1970) also discussed the role that cognition plays

in decision making. Decision models based uporn normative decision theory assume

that the decision maker can evaluate all available alternatives amd can examine
all possible states and outcomes. In actuality, however, these conditions are
rarely met. In many situations, the information évailable‘to ‘'the decision maker
is vague and incomplete, ﬁoreo@er. the number of available alternatives is so
large that the decision maker can not properly evaluate all of them, Consequently,
tﬁe individu=l pust redefine the decision problem in some way. For these reasons,
cognitive factors are important in the decision making process. They determine

how a decision problem is formulated and what methods afe used to find a solution;
If a decision problem is too complex, an individual will attempt to simplify it

in order to make it more manageable. Heuristics are often used to accomplish this

-

task, R



Figure Caption ~ Z

Figure 1 Subjective probability estimates as a function of objective proba=-

o

bility values (Taken from Coobs, Dawes, & Tversky (1970) ).
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. .TVersky and Kahneman (1971, 1972, & 1974) ﬁave examined how heuristics are
used in decision making. Heuristies can be defined as "rules of thumb"™ that en-
able a person to simplify a ;oﬁplex task, Tversky and Kahneman demonstrated that

ndividuals of'ten base their subjective probability estimates on three informal
heuristics. ‘These are:(1) the representativeness heuristic (2) the availability
heuristic and (3) the anchoring=adjustment heuristic,

The representativeness heuristic is employed when individuils are asked to
Judge the probability that event A belongs to a certain class or process B. In
such situations, the individual infers that a limited sanple is representative of
(i.e., similar to ) the whole population. Unfortunately, similarity juigments are
insensitive to factors such as base-rate information and sample size (ef,, Tversky
& Kahneman (1971) 3. Consequently, the use of the representativeness heuristic
can lead to serious errors (see Tversky & Kahneman (1974) ).

The availability heuristic is used when individuals are asked to assess the
frequency of a class or the likelihood of a pafticular event, Under such condi=-
tions, the individual looks at the ease with which instances or events can be
retrieved from memory., However, availability Jjudgments can be biased. Errors can
occur due to a variety of factors such as ease of retrievability, the effective=-
ness of a search set, and the lack of imaginability (see Tversky & kahneman (1974)).

Finally, the anchoring-ad justment heuristic is used in situations involving
numerical prediction from some initial value, In such situations, individuals
make estimates by adjusting an initial value to yield a final answer, Errors are
likely if the final answer is unduly biased by the initial value (i.e., indivi-
duals do not adequately adjust the initial value ) (see Tversky & Kahneman (1974)).

The Kahneman & Tversky (1972) study previously discussed used the binomial
distribution to study subjective probability distridutions. In so doing, it demon-

strated that the misuse of the representativeness heuristic can lead to incorrect



subjective probability estimates. The experimental :ggults indiéated that the
subjective sgmpling‘ﬂéstributions produced were independent of sample size, N.
That is, the subjectiv; sampling distributions produced for samples of 10, 100,
and 1000 were indistinguishable, Apparently, the subjecté based thelr subjective
probability estimates only on the sample proporiion or on the sample mean.‘Kaﬁne-
man and Tversky suggest that the subjects may have used the representativeness
heuristic to aid them in their decisions of subjective probability estimates.

Qf the three cognitive heuristics described by Kahneﬁan & Tversky, the
representativeness heuristic is most relevant to studies of subjective probabi-
lity. Smaller populations do in fact reéemble their larger parent populations,

In particular, populations with sample sizes of 10 are similar to populations

with sample sizes of 100 or 1000, Subjects can accurately estimate the sample
mean but they overlock the effects of sampling error. Consequenfly, they syste=
m;tically and reliably neglect differences in populations with different sampling
errors, Specifically, they underestimate response categories with high probabi-
lities and overestimate response categories with low probabilities. It may be that
the subjects; ina»ility to appreciate the conéept.of sampling error accounts for
the under/over bettor bias so éommonly reported in previous studies on subjective

probability.

Bvaluative Summarv of Previous Research

A number of appreaches have been used to study subjective probability. Some
researéhers (e.g., Savage (1954) have focused on normative decision theory while
other researchers (e.g., édwards (1968) ) have focused on behavioral decision
theory. Kahneman & Tversky (1972, 197%4) looked at the -cognitive processes involved
in making subjective probability estimates. Unfortunately, little effort has been

made to integrate the various theoretical perspectives, As a result, no attempt
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has been made to systematically study the diffgfgnces betwer subjective and
objective probability distributions.

The research reviewed éﬁggested that the probability level of a distribution
heavily infiuenceg subjects' subjective probability estimates. Various studies
(e.g., Tversky & Kahneman (1972)) found that subjects could accurately estimate
the mean of a subjective probability distribution, However, sample size did not
influence the subjects' sudbjective protaBility est&mateé; Because subjects over-
lock the effects of sampling error, they tend to underestimate response categories
with. high probabilities and overestimate response categories with low probabilities,
These errors of estimation become severe as sample size inéreases. Finaliy, a
number of methodological deficiencies were noted in the previous research on sub-
Jective probability, These deficiencies ma&e it difficult to adequately evaluate

the findings reported.

Staterment of Problem and Hvpotheses

-

The purpose of this experiment is to study decision making under uncertainty,
It will partially replicate and extend the work of previous researchers (e.g.,
Tversky & Kahneman (1972, 197%, & 1982) and Cohen, Dearnaley, & Hansel ( 1955, 1956,
& 1957) . The probability level (P} and the sampleﬁiize (N) of the binomial dis~
tributions presented to the subjects will be manipulated. As suggested by Tversky
& Kahneman (1$82), the subjects will produce only cne subjective probability dis-
tribution. Because the subjects' subjective probability distributions are indepen=
dent, practice and fatigue effects will be avoided. Finally, 211 binomial distri-
butiéns will be evaluated with the same number of response categories. Previous
research on subjective probability (esg., Peterson, DuCharme, & Edwards (1968) )

used different numbers of response categories for different »inomizl distributions.
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In Tversky & Kahnemaﬁ's (1972) study, each subject produced an entire sub-
jective probability distribution that was appropriate to the binomial distribution
presented, However, no comparisons between the subjects’ subjecti#e probability
dis;;@butions and the objective probability distributions were made. FPrevious
researchers have apparently ignored this aspect of probability estimation. An
extensive review of the research literature did not produce any studies which
examined the goodness of fit between an empirical and a theoretical probability
distribution, In addition to examining methodological and theoretical issues, the
ma jor contridution of this study will be to systematically compare the goodness
of fit between subjective and objective probability distributions. Estimates of
the goodness éf‘fit will be produced for all nine problems, The results obtained
will specify the pattern of subdject estimation errors and will duantify thé effects
of the under/over bettor dias,

In orxder to accomplish these objectives, nine different binomial distributions
will be used in the experiment, These distributions will be constructed bf using
different combinations of probability level (P) and‘sample size (N), Three diffe-
rent probability levels will be used (-P = ,30, .50, and .75 ) . Each binomial
distribution will be tested for three different sample sizes ( N =10, 100, and
1000 ) . Each subject will evaluate one of the nine binomial distributions. In
doing so, he will produce a theoreticdl binomial distributlon . Thus, different
combinations of probabiliiy level and sample size will be used in a 3 X 3 between
subjects experimental design with the subjective probability estgmate as the

dependent variable. -~
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P
Statement o theses

This study will examine the effects of - probability level and sampie size on
subjective probability estimates, It is predicted that probability level (P) will
affect the subjective probability estimates, Therefore, the subjects will be able .
to acc ely estimate the mean of the subjective probtability distributions. In
contrast, it §s expected that sample size (¥) will not affect the subjective pro-
babilily estimates. Moreover, it is predicted that the interaction of probability
level (P) and sample size (N) will not significantly affect the subjects' responses.
If these hyvpotheses are correct, then the subjects wiil produce similar subjective
probability distriﬁutions for sample sizes of 10, 100, and 1000,

One of the main purposes of* the study is to investigate the relationmship )
betweer subjec}ive and objective probability distribéﬁiags. It is predicted that
the subjeciive probability distribuitions will approximate linear functions of the

‘
objective probability distributions { ef., Coombs, Dawes, & Tversky (1970). Speci~
fically, it is eBpeted that the goodness of it between subjective and objective.
probability distributions wili be betiter for binomial distributions with P = .50
@han for binomial distridutions with P = ,30 or P =.?S . That is, symmetrical bino-
mial distributions will be more accurately estimated than skewed binomial distritu-
tions, Additionally, it is hypothesized that the goodness of fit between subjective
and objgctive probability distributions will beco&e increasingly poor as sample
size (N) increases, Finally, it is predicted that subjects will gnderestimate
response categorigg‘with high probabilities and overestimate response categories
with low probabilities, This patiern of estimation errors will also become increa-

singly severe as sample size (N) increases.

N — :



CHAPTER II

Method -

Subjects

The subjects wers;undergraduate students enrolled in the introductory psy- .
chology courses at the University of Windsor, A total of 201 subjects were tes=-
ted, They had a m;;n age of 23,9 years and a sex distribution of 88 malesrand
113 females. On the-average, subjects had 4,26 years of high school mathematics

and had taken 2,5 mathematics or statistics courses as an undergraduate student,

Each subject received one course. credit point for participatimg in the study,

Research Instrument

Nine versions of a two tage questionmaire were constructed, The first page
contained a short description of the study, directions to the subject, and re-
quested demographic information abouf the subject. The second page conf&ined one
problem for the subjecés to solve. The problem required the subject to estimate
the probability bf a given event. In so doing, each subject created a subjective
_ probability distribuéion for the event. Different subjects were required to solve
different problems, Altogether, there were nine different problems, These prob-
lems break down into a 3 X 3 experimental design. Table 1 shows the factorial de-
sign of thé experiment, ) ~

Three different binomial protabilities ( P = ,30 , .50 , and ,75 ) and three
different sample sizes ( N = 10, 100, and 1000 ) were used in the formulation of
the different problems, Probability estimates for éach category were given in

terms of percentages. large sample sizes were used so that the subject could not

calculate the objective probability values of the different categories., A typical

t 13
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problem is given in Table 2. All problems dealt with the distribution of phy-
sical traits (e.g., eye color) in a given sample. Appendix A gives all the dif-

ferent problems,

-

Tikgcedure

With the permission of each instructor, I arrived at the classroom at a
pre-arranged time, After I was introduced to the students, I.said the follo=-

wing: -

Iam hé}e today to ask you to participate in a research study.
ThiS'ééudy is concerned with probability estimation. The-experimen-
tal que§tionnaire is two pages long and takes only 5 = 10 minutes
to-complete, Additionally, the questionnaire is énonymous. The only

\ personal informatiom that you will supply is your Eée and your sex.

Although participation in thig study is voluntary, it will be to
your advantage to participate, If you‘fill out the questionnaire,
you will receive one peint of extra credit toward your course grade.

A short description of the study and complete directions are con=-
tgined on tﬁe first page of the questionnaire. Be sure to read the
problem carefully. I would also appreciate any comments.that you
might have about the questiomnaire. These comments may be written
directly on the questiornaire,

Now please raise your hand if you would like to fill out the ques=-

tionnaire. Once you receive the guestionnaire, you may begin,

Subjects were then given a copy of the questionnaire, All nine versions
of the questionnaire were distributed to each class tested. Prior to testing,

I arranged the questionnaires into repeated sets of nine. Conseguently, there

o



Tabdle 2 .
Sample Problem 16

DISTAIBUTION OF €Y= 20ICR

A group of genoticiats at the University of Toroato decided to study the
inheritance of eye color. Specifically, they wanted to determine the percentage
of indivlé.uala in Ontaric that had brown eves. Thelr research —esulis indisated
that the protatility that an individusl @ill have heso eyes iz ,7% (that is,
75% ) . | o

Assuze that you are given the task of amalyzing the data for 100 individuals

i

that axe randealy selected from the porulation zmtudied, Based on the infarmation
‘given 2dove, please determine the probability that cach of the ¢ ollowing catego-
ries will ocour (in 5 ) : |

(State pr;bability ia percent)

Up to 5 individualz have brown eyes

5-to 15 individuals have tzown eyes

15 to 25 individuala have broun eyes

" 25 to 35 individerals have brown eves

35 to 45 irdividunls have brown eyss

45 to 55 individials have Lrown eyes
55 to 65 individmals have hrown eyes

65 to 75 individuals have trown eves
75 to 85 individuals have hwown eyes

85 to 95 individeals have LTown eyes

More tham 95 individuals have trown eyes

Total = 100%

| ~Note that the categories inclide all possibilitles, 30 your answers should
add vp to about 1007.
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were many random replications of the task in each class tested. The subjecté
: were allowed five to ten minutes to complete the questiomaire, I answered any
questions that arose. |

The completed questionnaires were returned to me, Subjects signed an expe=-
rimental aredit sheet that indicated that they had participat;d in the study.
They were then téld that the experimental results would;be available in July
1083, Copies of the results were posted on the classroom walls, The correct ans-
wers were given for all nine probability estimation problems. Additionally, the

subjects' pooled responses were reported for all nine groups. No imdividual re-

sults were reported because the questionnaires were anonymous.

Analvtic Procedures

For each given binomial distribution, the subjects made il separate sub-
“jective probability estimates. The sum of each subject's probability estimates
was 1.0 or 100% . The mean subjective probability estimate (M) was caleculated
for each subject and it served as the maim dependent variable for the study.

A two—wﬁy ANOVA (probability level (P) by sample size (N) ) was performed.
I+ tested whether probability level, sample size, or thelr interaction affected
the subjects' mean subjective probabiliiy estimates () . In addition, a three-
way ANOVA (probability level (P) by sample size (N) by response category (c) )
was performed. It used the subjective probability estimates in a given reponse
category in order to determine If the distribution of subjective probability esti-
mates differed across category as a function of probability level; sample size,
or their interaction,

The roodness of fit betweermr the subjective probability estimates and the
objective probability distribution for each of the nine problems was examined.

The objective probability values were calculated directly from the binomial
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theorem when the sample size estimated was 10 (i.e., N » 10) . A normal approxi=
mation to thé binomial distribution was used to calculate the objective probabi--
1lity vaiues when the sample-size e§timate§ was 100 or 1000 (i.e., N = 100 or 1000).
For each subject in each response category, a variable called DP (i.e., discre-
vancy in probabilit;) was constructed by subiracting the subjective probadbility
estimate (SP) from the objective probability value (OP) . Then, for each of the
nine pr&%&éﬁs, a repeated measure;‘iﬁOVA was performed on the DP v;lues in order
to assess the goodness of it between the empirical and theoretical probability
distributioﬂs. | -

In summary, various satisticél analyses were performed to: (1) assess the
effects of probability‘level (P), sample size (N), and their interaction (® X.N)
on the subjects' mean subjective probability esiimates (M)._(Z) determine the
distribution of subjective probability estimates across judgﬁent categories (c)
as a function of probability level (P) and sample size (N). (3) look at the good-
ness of fit between the subjecﬁive and objective probability distributions for

each combination of probability level (P) and sample size (N).



CHAPTER IIX

Results

The results for this study are reported in two sections: (1) Analysis of indie
" vidual differences in subjective probablllty estimates across problems and across
categories. This section reports the effects of protability level (P), event size
(N), and their interaction on the mean subjective’probability esti;ates ﬁnd on the
suﬁjcctive probability estimates within categories. (2) Test of the goodness of fit
between the subjective and objective probability distributions, The goodness of fit
is reported for each binomial distributiom (i.e., each of the combinations of prota- )
bility level and event size). The fits of the various binomial distributions are
compared.h

Contrary to expectations, a correlational analysis r;vealed no svstematic rela=-
tioﬁgg;p beiween subject characteristics and subjeé£ probability estimates with the
possible exception of sex, Thus, only the effects of sex on subjective protability
estimates are reported in the results, -

The results are presented in two ways: (1) Mean subjective probability estimate
(¥) . The M value is the sﬁbject's average subjective probability estimate and is
claculated from the grouped frequenc; distributions, (2) Individual subjective pro-
bability estimates within a particular response categorys To clarify possible confu-
sion, event size estimated is distinguished from sample size., Event size estimated
refers to the size of the binomial distribution that the subjects estimated while
sample size refers to the number of subj;cts ina ﬁarticular experimental condition,.

Tables 3 = 5 and Figures 2 « 11 provide all data obtained in the study. Table 3
gives SP, OP, and DP values for the three event sizes (10, 100, and 1000). Table 4

provides 5P, OP, and DP values for the three protability levels (530, .50, and .75).

1%
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Figure Caption
Figure 2 Subjective probability estimates for.the three probability levels
(.30, .50, and .75) .
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Figure Caption

Figure 3 Subjective probability estimates and objective probability distri-

bution for probability level of .30 and sample size of 10 ( K = 24 subjects),
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Figu? Caption
Figure 4 Subjective probability estimates and objective probability distri-

bution for probability level of .50 and sample size of 10 (K=22 SUbjects).
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Figure Caption
Figure 5 Subjective prabability estimates and objective rrobability distri-

bution for probability level of .75 and sample size of 10 ( N = 21 subjects),
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Figure Caption
Figure 6 Subjective protability estimates and objective Probability distrie

bution for probtability level of .30 and sample size of 100 { N = 23 subjects).
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Figure Caption
Figuxe 7 Subjeétive rrobability estimates and objective probability distrie

bution for probability level of .50 and sample size of 100 ( N = 24 subjecté).



aA392(qp

eAj109fqng

Bajd0do}) eouodsdy

= no-

ﬂl:.

- ONO

T oset

-4 c—__-
- m:.

L]
3

4 c&.o

ATTLIRN GG



Figure Caption
Figure 8 Subjective probability estimates and objective probability distri-

bution for probability level of .75 and sample size of 100 ( N =23 subjects).
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Figure Caption

Figure 9 Subjective probability estimates and objective probability distri-

bution for probability level of ,30 and sample size of 1000 { N = 24 subjects ).
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-
Figure Caption -
Figure 10 Subjective protability estimates and objective probtability distri-

bution for probability\iﬁxz? of ,50 and sample size of 1000 { X = 20 aubjects).
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Figure Caption
Figure 11 Subjective probability estimates and objective probability distri-

bution for probability lewel of..75 and sample size of 1000 ( F = 20 subjects).
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Table 5 proviaes SP, OP, and DP values for each binomial distributionm estimated.
Consequently, the data are reported for each protability level (P) and for each .
event size (X). Figure'2 = 11 are graphs of the data obtained, Flgure 2 shows the
subjective probadbility estimates for the three mrobability levels. while Figures 3
- 11'§resent the subjective and objective probability distributions according to
the binomial distribution estimated,hTables 3 - 5 and Figures 2 = 11 should be re-
fe?red to when considering the results of the main analyses.

Before proceeding to the main analvses of the study, it is worthwhile to exa-
mine Figures 2 = 11 more closely, Figure 2 shows that suQject§ can estimate the
mean of a given bin;mial distribution with accurzcey's Hoggver, they can not estima{e
the tails of a binomial distribution as successfully. From Figures 3 ~ 11, it is
evident that the f£it beiween subjective and objective probtability distributions is
good for an event size of 10 cases. However, as the event size increases to 100 or
1000 cases, the fit between the subjective and objective probability distributions
becones ‘progressively poorery For the individual response categories, subjects under—
estinate the middle categories (i,e,, Categories & = 8) while they overestiﬁate the

categories at the tails (i.e,, Categories 1 = 3 and Categories 8 - 11).

of Individual Differences in Subjective Probabilitv Estimates Across Broblens

ané_Across Categories

Table & presents an ANOVA table of the effects of sample size (i.e., event
size) by protability level by sex on the mean subjective probability estimate (i.e.,
the M variable), A standard factorial ANOVA was performed on the data, The number of
subjects ;as 201, Looking at the results presented in Table 6 , it can be seen that
the three 1rdependent variables ( sample size, nrobability level, and sex ) accounted
for a significant portion of the variance, The model F=Value was 4,85 and the R -
Square value was ,3107. A closer inspecticn of the ANOVA table reveals that sex and

sample size did not exert significant effects on the mean subjective probebility -
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Table [

Analvsis of the Means of the Individual Subjective Probability Distributions

. By Sample Size (N), Probability level (P), and Sex (S)

Model 17 1,4289 0841 L.85* ~+3107
N 2 L0338 L0169 .97-
P 2 1.1859 . 5530 .23
s 1 L00H 00k .25
/ R*P L .0531 '.0133 77
i NS 2 L0061 .0031 .18
h P*S 2 .0050 .0025 .15
N*P*S 4 L1064 | .0266 Co1.s4
Error 183 3.1696 L0173
Total © 200 4.5986

*p< .01
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estimates, Additionally, none of the possible interactions was significant, The

sum of s@uares values show that the probability level of the binomial distribue
tion had the gfeatest effects on the subjects' mean subjective probability esti=-
mates,” The F=Value for probability level was 34.23 which was significant at p¢.01,
The results shown in Table § indicate that the sex of tﬁe subject had no real
effect on his/her subjective Protability estimatess This finding was contrary to
'tﬁE“find£ngs of other researchers (cf,, Cohen, Dearnaley, and Hansel (1955, 1956,

& 1057). Finally, sample size (N) did not exert significant effects on the subjects'
mean subjective probability estimates. As predicted, subjects ignored the size of
the binomial distribu;ion estimated;'

Table 7 presents a repeated measures ANOVA table of the effects of sample size
by probability level by category on subjects' subjective probability estimates with-
in a p#rticular category., Because there were 11 categories estipated for each binc-
mial distridution, each subject made 11 subjective mrobebility estimatesy Conse-
quently, the category variable (C) had 10 degrees of freedom. Since the study used
201 subjects, 2210 subjective probability estimates were made; Table 7 reveals that
the model (sample size by prodability level by category) had an F=Value of 7.73
which was significant at p¢ .01 . The sum of squares values show that the sample
size in a particular category did not affect the subjective probability- estimatesy
In contrast, the probability level in a parti;ular category ( the P X C interaction)
exerted tremendous effects oﬁ’the subjective probabilitf.estimates. The obtained
Fa Value was 18,52 which was significént at p{.01 . Therefore, subjects varied
their sﬁbjective probability estimates on the basis of the category estimated and

on the probability level in a particular category.
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Table 7

Analysis of the Subjective Probability Estimates By Sample Size (N), Proba-
bility Level (P), and Response Category (C)

2
Source: ar ss ¥s E R
Model 98 7,076k 0722 7.73* L2640

C 10 2.9901 . 25990 32.01*
R*C 20 . 2067 L0148 1.59
PxC 20 34591 © L1730 18,52%
N*peC 40 .3103 .0078 .83

Eyror 2112 19.7283 L0093
Total 2210 26,8048

*p¢ LO1



Tost of the Goodpess of Fit Between the Subjective and Objective Probabilitv
Distributions . .

Table 8 presents the results obtained from tests of the goodness of fzt between
the subgectzve probablllty estimates and the calculated objective probability values.
The dependent variable was the DP values. The DP values were defined as the diffee
rence between the subjective probability estimates and the objective probability
values in a particular category of a binomial- distribution, ANOVA-procedures were )
used to perform the goodness of Tit tests., éhe rationale for the use of ANOVA pro-
cedures as opposed to chi-square %echniques is that they permit the use of indivie
dugl subjective probability estimates in eaeh category rather than the mean subw
jective probability estimate in a .category. Consequently, ANOVA procedures take
advantage of sampling error . .

Table S'presents the resultis obtained according to the binomial distribution
estimated, For problems 1, 2, and 3 , the event size estimated was 10 cases, Sube
Jjects estimated these-three binomial distributions rather well. However, the sub=
jects' subjective probability estimates differed significantly from the objective
probability values across all categories estimated, The magnitude of the departure
from the objective probability values was not large, The F=-Values obtained were
5.07 to 13,72 . b

For problems & = § , the event size estimated was 100 cases, Subjécts did not
estimate these binomial distributions well, In fact, the departure from the‘objec- )
tive probability values accounted for 77% of the total variance, The R<Square values
ranged from .7337 to .8040 , The F-Values obtained were 63.38 to 90.24. Apparently,
subdects ignored the effects of 1ncrea51ng the event size estlmated In fact, the
subjects’ goodness of fit for problems 4 - § was on the average ten times worse

-

than that obiained for problems 1 - 3,



Table 8

Goodness of Fit Between the Subjective Probability Estimates and 'the

Objective Probability Distribution

. o

Source: - af SS F R 'F'fl_

3

Prodlem 1  Probability Level = .30 (P = 1) Event Size = 10 Cases (N = 1)

Category 10 1.0308 031 6.78% 2276
Error 230 3. 4984 0152
Total 240 4,5292

Problem 2  Probability Level.= ,50 (P = 2) Event Size = 10 Cases (N = 1)

Category 10 -« 3905 .0391 507 L1544
Error 210 1.6185 .0077
Total 220 2.00%0

Problem 3 Probability level = .75 (P = 3) Event Size = 10 Cases (N = 1)
Category 10 14452 Lbkhs 13.72% 069
Error 200 2.1063 .0105 '




b1

Table 8 Continued . 7 . -

-t 2
Sowcce: - df ss s E R

", Problem 4 - Probability Level = .30 (P=1) Event Size = 100 Cases (X =2)

" TCategozy .18 . 7.2513 - 72st B4 o 7929

Error.. - . 2200 1.8937 .0086
Total . - 230 91450

Problem 5 Probability Level =-.5Q (P = 25 ~ Event Size = 100 Cases { KX = 2)

Category 10 L7435 i 63,38% 7337
Error. 230 1.7215 L0075 |
Total 240 - 6.4650

Problem 6 Probability Level = ;75 (P = 3) Event Size = 100 Cases (X = 2)

Category 10 - 8.3895 .8390 90, 24* 8040
Error 220 2,045k 0093 |
Total 230 104359

-



b2

Table 8 Continued

EN

> . 2
Sources af ss XS

I+
EY

Problem 7 Probégziixy Level = ,30 (P =1) Event Size = 1000 Cases ( N = 3)

" Category 10. 16,2027 1.6203 176,36* 8846
Error 230 2.1130 » 0052

Total 240 18.3157

Problem 8 Probability Level = .50 (P_; 2) Event Size = 1000 Cases (N = 3)

Category 10 11,5696 1.1570 67.09* .8363
Error 190 2.2650 0116
Total 200 13.8336

Problem 9 Probability Level = .75 (P = 3) Event Size = 1000 Cases (N = 3)

Category 10 5.0113 .5011 38.59* L6701
Error 190 2. 4676 L0130 - |
Total 200 7.4789

*p¢.01
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For. problems 7 = 9, the event size estimated was 1000 cases. Once again, sube
_jgcts‘estiﬁated these binomial distributions poorly, The departure from the odbjec=
tive probabdility values accounted for 80% of the total variance. The R-Square values
ranged from .6701 to ,8846. The F=values obtained -were.38. 59 .to 176.36 , Overall, the
goodness of fit for problems 7 = 9 was only slightly worse than that obtained for
problems 4 = 6, Curiously, subjeéts estimated problem 9 bétter than problem 6, It
appears that the subjects. could not distinguish between a blnomlal dlstrlbutlon with

= 100 and a dinomial distribution with N = 1000, The‘resq;ts presented in Tabdle 8
show that subjects estimate event sizes of 100 or 1000 cases very po&rly. They‘fdrgot
that the variability of a binomial dlstrlbutlon diminishes as sample size (N) 1ncreasea.‘
The data in Tables 3 - 5 and the graths of the subjective and objective probability

distributions (see Figures 3 - 11) support the arguments presented above,

Summarv of Results

Figures 2 - 11 are graphs of the data obtained, 4n examination_of these figures
reveals that.subjects can accurately estimate the mean of a binomial distribution,
However, they underestimate the middle categories (i,e., Gategories 4 - 8) and they
overestimate the categories at the tails (i.e., Categories 1 = 3 and Categoriés 8 -11),
Moreover, Figures 3 = 11 show that the fit betweer the subjective and objective proba-
bility distributions becomes progressively poor as the event size estimated increases
from 10 cases to 1000 cases,

The results of a factorial ANOVA indicated that sex and sample size did not exert
significant effects on the mean subjective probability estimates, In contrast, the pro-
babllity ‘level of the biromial distribution heavily influenced the mean subéective
probability estimates, In addition, it was=found that subjects varied thel ubjnc-
t*ve probability estimates on the basis of category estimated and on the n*obab171tx

level in a particular category, -



Table 8 presents the results obtaing? from tests of the goodnesé of fit between
the subjective probability estimates and the calculated objective probability values.
The results showed that the subjects' subjective probability estimates differed
significantly from the objective pmobabiiity values across all problems'apd across
all categories, However, subjects estimated the binomial distributibns with 10 cases
much better than the binomial distributions with 100 or 1000 cases, Interestingly,
the diserepancy between the subjective and objective probability disiributions was i
sinilar for binomial distfibutions with 100 cases or 1000 cases. This firding demon-

strates that subjects ignore the effects of increasing sample size on the standard

error of a binomial distributiony



CHAPTER IV
Diécus;ion
The discussion section of this ttﬁdy'is divided into three sections @
(1) Relationship of the results obtained to the stated hypotheses of the study

(2) Theoretical implications of the results obtained (3) Suggestions for future

research studies,

R 3 e results o + heseg - the study .

Previous ressarchers (e.g., Cohen, Dearnaley, and Hansel ( (1955, 19%6) )
found that subject characteristies such as age, sex, and mathematics/statistics
‘background influenced subjects’ subjective rrobedility estimates, Interestingly,
the results odtained in this study found no relationship between differ;nces in

subject characteristics and subject pr;ilbility estimates, That is, age, sex, and .
| pfior‘experienCe with mathematics/statistics ﬁad little effect on subjects’ sub-
jective probability estimates. Essen;ially; the subjects in this study were homo-
genous, Because the probebility estimation task was complex, the effects of indi-
vidual différences in the subjects were negated,

Unlike pmevious'research on subjective probability, thie study systematically
manipnlated various probability levels and various sampleAsizes of the tinomial
distributions estimated, The results obtained indicated that prohability le;ei (B)
affected the subjective probtability estimates but that event size estimated (N)
~ and the interaction of protedility level and event size ( P X ¥ ) did not affect
the subjective probabilit&’estimates; In light of Kahneman and TVerskf's (1972
and 1974) research, the results obtained are not swrprising. Apperently, subjects

ignored the effects of variability irn a sampling distribution and focused solely

bs -



on the cemtral tendency (i.e., proﬁability level ) of the binomial distribution
estimated, l

Figure 2 sLous that subjects reéognize'the importance of the probability .
level of a distribution. Subjects accurately estimated the means of the binomial
-distribugions especially when the sample size estimated was 10 éasos. Even tﬁough
the effects of sampling variability are consideraéle a5 sample size inereases,
subjects lgnore its effects, Kahneman and Tversky might suggest that the results
obtainedAin this study‘are a reflection of the representativeness heuristic, That
is, that individuals believe fhat alsmall sanple resembles its parent population
in all respects, The results of this study support Kahneman and Tversky's notion
that subjects use the representativeness heuristic in complex estimation tasks.
Unlike Kahneman and Tversky's work, this study also specifies ithe pattern and the
sigze of subject estieation érrors., Consequently, it indicates the particular srrors
resulting from the misuse of the representativeness heuristie,

Table 8 présents-thc results of the goodness of it tests between the subjec=
‘tive probability estimates and the objective probability values, The subjects’
subjective probability estimates differed significantly from the objective probaw-
bility values across allt binomial distfibutions estimated and across all catego=
ries estimated, However, subjects estimated symmetrical distributions better than
skewed distributions, Additionally, subjects estimated binomial distributions with
10 cases more accurately than binomial distributions with 100 or 1000 cases, Moree
over, the size of subject estimation errors was similar for binomial distriﬁutions
with 100 cases or 100C cases, These findings reveal that subjects focused on the
probability level of the distribution but ignored its sample size, With increasing
sample size, events in a binomial distribution tend to become less variable. How=

ever subject estimation errors revealed that subjects believe that events in a
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binomial distribution mintain a constant variability even though the sample
size incréases greatly, | .

Figures 3 = 11 further specify the pattern of subject estimation errors.
Overall, ‘subjects underestimated the middle uWes which have high objecw
tive probability values (i.,e,, categories 4 - 8) . This finding occurred for
all distributions estimated except for a protability level of .50 and a sample
] 8ize estimatad of 10 cases, For thit distri‘&utiom. subjects overestigted the
mean of the binomial di_stribution. Again, this finding may be due to the sﬁb—
Jects® lack of appreciation for sampling va‘.riabili‘ty. In nontﬁst. subjects
ovefestim:ted -the categories at the tails which have low objective’ protibility
values (i,e., categories 1 - 3 and categories 8 = 11). These findings can be
explained by the under/over bettor bims effect (cf. Coombs, Dawes, & Tversky
(1970) ) .

The under/over bettor bias is a’common errer in decision making, Indivi-
dtals have a tendency to underestimté likely events and to overestimate un-
likely events, The results obtained in this study suggest that the under/over °
bias in subject estimation errors may be the result of misuse of the represen-
tativeness heuristic, The most representative featui‘e of a ﬁopuiation is its
central tendency or its probability levell In ma.kmg .i;robability estimates about
a sample, subject focus on this property of a popula.tion. They forget that factors
such as sample size can affect the central tendemey of a distributian. Therefore.
sa.mples of varying sample size have diffenn‘t means and different sta.n.da.nd. &xrrors
even though they are drsmwm from the same population, Estimation errors resulting
from an ignorance of the effects‘ of sample size increase in severity as sample
size incresses, ' .

The methodology of the -present study was a marked imﬁrov;-ment over previous '
research studies on subjective pro’ba'bility-. As suggested by Kahneman and Tversld



(1982). subjects produced only one subjective probtability distribution. This pro-
cedure ensured that subjJects' subjective rrodability estimates were independent
and that practice and fatigue effects were avoided, Additionally at least 20 _
subjects were used in each experimental condition, P&evious researchers used _
only 7 - 8 subjects in each experimental condition, Finally subjects evaluated
11 respcnse categories for all binemial distributions estimated, By using the
same number of response categories for all problems, the accuracy of subjects®
subjective rrobability estimates could be compared across all problens and across
all categories, o

- Theoretical implications of the results obtained -

. The results obtained indicate that different measures of central tendency
may be appropriate for different types of dlstributions. In the present study,
the subgects' mean subjective probabllity estimate was used because it was the .
expected value of the probablllty distribution and was the approypriate value for
parametiric statistical analysis, For symmetrical distributions (e.g., binomial
distributions with a prodebility level of «50) , the nean, the median, -and the
mode are all equivalent. In skewed dlstributions, however, the mean, the median,
and the mode are not equivalent.( see Horowitz (1974) ). Instead, the mean is
displaced towards the center ofﬂthe distribution (i.e., towards a valwe-af .50),
Consequently, the mode may be a more appropriate measuyre of central tendency for
skewed distributions, To illustrate this rhenomenon, consider Figure 9.‘Figure 9
Presents the subjective and objgctive protability distributicns for a probability
‘level of «30 and a sample size of 1000 cases., From Figure 9, it can be seen that .
the mode is approximately .25 ., In contrast, the mean subjective probability esti~
‘mate calculated for the subjective probability distribution is .412.. Thus, the
measure of central tepdency selected for statistieal analysis\may;not be the most

descriptive, ' o .



Like previous research on subjective probability, this study utilized ipsa-
tive data, Houafnr. the use of ipsative data may create problems ip the interpfef
tation of the data obéained. Because the subjective probability estimates are ip-
sative, both skewness and kurtosis (i,e.,, peakedness) are constrained. Bue to
‘ these imposed constraints, the skewness of the nog—synnetrical distritutions esti.
mated is-really indié&tive of their central tendsncy and the kurtosis of those -
distributions is really indicative of their variabilitj. This phenomenon is known
as "aliasing® in the statistical literatie, )

Unlike previous research on sﬁbjectiVe probebility, t?is study directly mea-
sured the goodness of fit between empirical and theoratical probdbilitf aistribu-
tions. In doing so, the F test was used rather than the chi-square test, In the
present sfudy, the use of the F test had several advantages over the use of the
.chiesqguare test, First, tﬁe P test permitted full exploitatior of the properties
of the data base, Individual category estimates were used rather than the mean
‘category estimates. Thus, the sampling error across subjects was aﬂlﬁ to be ree’
tained: The F t§s£ vas also preferable because of_consideiations of statistical
power incorporated into the anlysis, More research needs to be done %o o;;}cf;
pon-orthodox uses>of the F test.

Susgestions fur future research g

A nunyer af improvements could be made on the methodoleogy of tﬂis study.
Primarily,- ikprovements wenid center on the-désign of the response categories,
First,-the order of presentation of the categories should be varied, In the pre=
sent study, the categories estimated always went from low frequencies to high fre-

‘quencies for a perticnlar event.-In order. to counterbalance for the effects of
order of category presentatlion, the categories estimated should‘be systematiﬁally

varied so that high frequencies for an event are evaluated first as yell as last,



Another issue in category design is that the category boundaries selscted
must be consistent for all distributioms estimatsd, In the present study, bino
mizl distributions with probability levels of ,30, .50. and 75 .were studied, Al-
though the number of catagories astimated ua.s'the sams for all.distributiom, the
category boundaries were not, Consequently, the goodness of fit for distributions
with a prodability level of .75 appeared to be batter than it actually was (see
Figure 11 and Table 8). In oxder to prevent such experimental artifacts, the pro-
bability levels studied should permit consistent category boundaries to be selec-
ted. In the present study, these difficulties could have been a.mi_ded by using :
binonial distribu’ti?ns with probability levels of .30, .50, and .70 .,

This study did not investigate whether subjects could be taught tc'_> recognize
the effects of'sa.nple size on the central tendsncy and the standard error of a
distribution, This would be a fruitful ares. for further ressxrch. Perhaps, suds
" Jects could be taught to adjust their subjective prodability estimates on tl;e
_ basls of-prior information about the sa.mple- size of the d.’_t.stribution. -'?ra.cticeQ
exercises could be designed to highlight certain features-of probability estimis- .
tion, The effects of sample size and sampling variability oﬁ subjective protabie
lity estimates could be stressed, Since Bayesian methods of statistical inference
are still laxgely undeveloped, such a study would make a valuable contribution .to
the statistical literaturs. | ‘ |

Tt would also be interesting to study the subjective probability estimates
rade by different groups of subjects, In the present study, all subjects ware ine
troductory peychology students between 18 =24 years.of age, Psrhaps, different
groups of subjects would. perform differently on protedility estimtion-t%aks. For
example, a researcher could study the differences in the subjective probability
es&ma.tes of professional gamblers, graduate students/professors in mathematics,

and professionals in other fields (e.g., doctors, lawyers, and engineers).



Supsaxy of discussion

Contrary to previous ressarch on subjective probability, individual diffe-
rences in subject'dmcterisfics had mue effect on subjects’ suhject;lve Pro-
bability estina'tes. Perhaps the complexity of the prb&bility estimation task ne-
gated the effects of individual differences in the subjects. The results obtained
indiceted that prodability level affected the subjective -ptrobabili‘ty estimetes but
event size estimated and the interaction of probabdility level and event sike did
~ not préduce similar effects, Apparently, subjects ignored the eﬁ'ac; of sampling
variability on -tho".hinonial' distributions estimated, '

The results obtained in this study support Kahneman and Tversky's ide.a that
subject..s use the representativenesf heuristic in conplerutiﬂtiontlm. Bowever,
this study also specifies the pattern and the size of subject estimation mpit. The
results obtained from goodness of Tit tests reveals that subjects estisated symme-
trical distributions better than skewed distributions and binomial distritutions
with 10 cases better than binomial distributions with 100 cases or 1000 cases,
Again, these findings reveal that subjects focused on the probability level of
a distribﬁtion but igpmored its sample size,

Overall, subjects underestimated the middle categories which have high objec-
tive probability values and overestimated categories at the tails which have low
o’ojec:t.ive protebility values, These findings suggest that the under/over bettor
bias is a common error in decision making. They alsc suggest that the urder/over
blas in subject estimation errors may be the result of misuse of the representa-
tiveness heuristic. The probability level or central tendency of a population ap~
pears to be its most representative feature , Finally, methedelogical improvements
made by this study were detailed,
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The theoretical implications of the results were also discussed, The results
obtained indicated that different measures of central tendency may be appropriate
for different types of distributions and for different purposes, For exanple, the<
mean subjective probability estimate was used in this study because it was the ap-
propriate value for parametric statistical analysis, However, it was not as descripe °
ti\re as the mode for skewad distributions, Some problems created by the use of ip-
sative data were detailed Dae_to the conatraints imposed bty ipsative data, care
ust be tl.hn in the interpretation of skewnass and kurtosis of non=symmetrical
distributions, Finally, the rationale for using the F test as a goodness of fit
test was explained. It was shown that the F test has several advantages over the
chi-squaré test beca_us’;:\t permits use of the sampling error across subjects. More
research needs to be done on the noneorthodox uses of the ¥ test. |

Suggestions for future research studies nrealso =ade, A nunber of improvee
ments could be made in this study, especially in the arex of category design, ‘me
order of the presentation of the categories should be eountarbtamlanced’, In addition,
the category bounda.fies selected should be consistent for all distributions studisd.
It would also be interesting to determine if subjects could be-taught to adjust
their sudjective prodmbility estimates on the tasis of prior information about the
aa.l;ple size of the distribution., Finally, the performance of different groups of
subjects could be compared, Differences in the subjective probability estimates of
professional gamblers, mathematics professors, and other‘ professiomals (e.g., doc-

tors, lawyers) could be studied,
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- Sex : N ' Age, in years :

PROBABI LITY ESTIRATISH-TASK

( o NOT write your name on this questionnaire )

Rumber of years of high school mathematics

Humber of mathematics/statisticscourses cnmp?eted as an University of iindsor
undergraduate :

Indfviduals must often make decisions about people and about events on
the basis of 1ittle or no information (e.g., success new job, future
value of IBM stock, outcome of a sperts event), }ﬂigzngjbkgtions occur
regularly because there fs no time to obtain the necessary information or
because the necessary fnformation is unavailablie. I 5e1ieve fhat it would
be valuable to study how 1ndividq;1s assess the probability of an uncertain
event., On the follcwing page, you are given a problem to solve. Please
read the problem carefully and then indicate your response on the blanks

provided, Answer the problem to the best ef your.ability. Thank you for

your cooperation,



DISTRIBUTION OF HAIR COLOR 57

Researchers at Statistics Canada decided to study thé distribution of hair
color of individuals 11v1ng in Carada, They determined that .30 (that 1s. 30% )
of Canada's population had fair hair (that is, blond or red hair ).

Assume tngt”you are given the task of analyzing the data for 10 individuals
that are randomly selected from the population studied. Based on the information
given above,please determine the probability that each of the following categories
will occur (in £ ) | |

( State probabilityfin percent)

0 individuals have blond or red hair

1 individual has blond or red hair

2 individuals have blond or red hair

'3 individuals have blond or red hair

4 individuals have blond or red hair

5 individuals have blond or red hair

6 individuals have blond or red hair

7 individuals have blond or red hair

8 individuals have blopd or red hair

Q individuals héve blond or red hair

10 individuals have blond or red hair

Total = 100%

~ Note that the categor:es include all possibilities , so your answers should
add up to about 100%.
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DISTRIBUTION OF SEXES - . - S 08

__ In Peterborough, Ontario approximately 10 babies are born every day. As you |
know, about .50 (that is, 50%) of all babies are boySs. However, the exact percentage
of by boys varies from day to day, Sometimes, it is higher than 50%, sometinmes
lower, | h |

Please predict the percentage of‘davs that the nm;ber of boys ambng 10 babies

will be as follows :
(state probability in percent)

0 boys are born in Peterborough, Ontario

1 boy is born in Peterborough, Ontario

2 boys are borm in Peterborough, Ontario

3 boys are born in Peterborough, Ontario

4 voys are born in Peterborough,Ontario

.5 boys are borm in Peterborough, Ontario

& boys are born in Peterborough, Ontario

7 boys are born in Peterborough,Ontario - -

8 boys are born in Peterborough, Ontario

S boys are born in Peterborough,Ontario

16 boys are born in Peterdorough, Ontario
' Total = 100%

~Note that the catngones include all possibilities, so your answers should add
- up. to aboyt 100%. | .



e DISTRIBUTION OF EYE COLOR °

z\ﬁ%; ) o .;.7'_ - : . 59 - -

. 4

A group of geneticists at the Universitf-of TSr@nfb d@éi#éd to study thé
inheritance of eye color, Specifically, they.wénted Eo‘determin: the perééntage
o;-individuals in Ontario that had brown eyes. Their research rgSuits indi;ated
that the probability that an individual will have brown eyes is .75 (that is,

Assume that you are given the task of analyzing the data for 10 individuals |
that are randomly'selected from the population studied., Based on the information
given above, please determine the probadility that each of the following;catego-
ries will occur (in &) : |

(State probability in percent)

0 individuals have brown eyes

1 individual has brown eyes -

individuals have brown eyes

individuals have brown-eyes

individuals have brown eyes

individuals have brown eyes

individwvals have brown eyes

individuals have brown eyes

individuals have brown eyes

\D wm ~ o \n £ W N

individuals have brown eyes

10 individuals have brown eyes

Total= 100%

~Note that the categoriés include 211 possibilities, so your answers should
add up to about 100%. .



DISTRIBUTION OF HAIR COLOR ' 60

| Researchers at Statistics Canada decided to study the distribution of hair
- color of individuals living in Canada. They determined that .30 (that is, 30%)
of Canada's population had fair hair (that is, blond or red hair). '
h ~Assume that you are given the fask of analyzing the data for 100 individualsr
that are randomly selected from the popula.tion studied. Based on the information
given above, plea.se determme the probablllty tha.t each of the folloulng categories

- will occrxr ( in % ) :

(State probability in percent)

Up to-5"individuals have Blond or red hair

5 to 15 individuals have blond or red hair

15 to 25 individuals have blond or red hair

25 to 35 individuals have blond or red hair

35 to 45 individuals have blond or red hair

L5.to 55 individuals have blond or red hair

‘55 to 65 individuals have blond or red hair

65 to 75 individuals have blond or red hair

- ) 75 to 85 individuals have blond or red hair

\

85 to 95 individuals have blond or'red, hair

More than 95 individuals have blond or red hair

Total = 100%

- *=Note that the categones ‘include 211 pOSSlbllltleS, SO0 your answers should
add up to about 100%Z.

LY

J



DISTRIBUTION OF SEXES | )

In Toronto, Ontario approxlmately 100 badies are born every day. As you know,
abouu 50 (that is, 50%) of all bables axre boys. However, the g/act percentage ol
baby boys varies from day to day. Sometlmes, it is higher than 50% , sometimes

lower, ‘

Please predict the percentage of d;vs that the number of boys among 100 babies
will be as follows : .

( State probabilitylin percent)}

Up to 5 boys are borr in Toronto, Ontario

5 1o 15 boys are born in Toronto, Ontario

15 to 25 boys are born in Toronto, Ontaric

25 to 35 boys are born in Toronto, Ontario

35 to 45 boys are born in Toronto, Ontario |

-

45 to 55 boys are born in Toronto, Ontario

55 to 65 boys are born in Toronto, Ontario

65 to 75 boys are born in Toronto, Ontario

75 to 85 boys are torm in Toronto, Ontaxio

85 to 95 boys are born in Toronto, Ontario

Fore than 95 boys are born in Toronte, Ontario

. Total = 1007
~Note that the categories include all possibilities, so your answers should add

up to about 100%.
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1.

A group of geneficists at the University of Toronto décided to study ihe
.inheritance of eye co;or. Specifically, they wanted to determine the percentage
of individuals in Ontario that had brown eyes. Their research results indicated
that the'prqbability that an individu=l will havetb:nxz.eyés is .78 (th;t is,
7% ) . U el | | |

. ' B '

Assume that you are given the task of analyzing the datz for 100 individuals
that are randomly selected from the population studied. Based on the information
given above, please determine the probadility that each of the following catego-
ries will occur (in % ) :

. (State probability in percent)

Up to 5 individuals have brown eyes

5 to 15 individuals have brown eyes

15 to 25 individuals have brown eyes

© 25 to 35 individuals have brown eyes

35 to 45 individuals have brown eyes :

-

Ls to 55 individuals have brown eyes ’

55 to 65 individuals have brown eyes”

€5 to 75 individuals have brown eyes
; ; .

75 to 85 individuals have brown eyes *

85 to 95 individuals have Lrown eyes

More tham 95 individuals have brown eyes

* . e ' Total=100%

~Note that the categories include 211 possibilities, so your answers should
adé up to about 100%. .
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-

Researchers at Statistics Canada decided to study _the distribution of hair
color of individuals living in Canada. They determined that .30 ('!:.hat is, 30% )
of Canada's population had fair hair (that is blend or red hair ).

Assume that you are given the task of analyzing the data for 1000 individuals
that are random‘ly selected from the population stut.lied. Based on the information
given above, please determine the prob:if:ility that each of the following categories
will occur (in % ) : . .

. (State probability in perc;ent)

Up to 50 individuals have blond or red hair

50 to 150 individuals have blond or red hair

150 to 250 individuals bave blond or red hair . e ~

250 to 350 individuals have blond or red hair -

350 to 450 individuals have blond or red hair

450 to 550 individuals have blond or red hair

550 to 650 individuals have blond or red hair

650 to 750 sndividuals have blond or red hair

750 to 850 individuals have blond or red hair

o

850 to 950 individuals have blond or red hair i

More than 930 individuals have blond or red hair

Totatl = 100%

~Note that the categories include all poss:.b:.l:.t:.es, 50 your answers should
add! up:to about 100“’. _ .



DISTRISUTION OF SEXES (13

In Canada, approximately 1000 babies are born every day. As you know, about
.50 (that is,-50%) of all babies are boys. Howéver, the exact percentage of baby

boys varies from day to day. Sometimes, it is higher-ihan 5055, sometimes lower.

Please predict the percentage of days that 'the nunmbexr of boys among 1000

b] .
babies will be as follows :
(State protability in percent)

' o
Up to 50 boys are dborn in Canada

50 to 150 boys are born in Canada

150 to 250 boys are born in Canada

250 to 350 boys are born in Canada

o

350 to 450 boys are born in Canada

450 to 550 boys are borm in Canadﬁ

‘550 to 650 boys are born in Canada

650 to 750 boys are born in Canada

750 to 850 boys are born in Canada

850 to 950 boys are born in Canada

_More than 950 boys are born in Canada
' Total = 100%

-Note that the categories‘inclﬁ&e 211 possibilities, so your answers should
2dd up to about 100%. ,
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DISTRIBUTION QF EYE COLOR

A group of gen®ticists at the University of Toronto decided to study the
inheritance of eye color. Specifically. they wanted to determine the percentage
of ;ndividuals in Ontario that had brown eyes. Their research }esults indicated
that the probability tﬁat an individual will have brown eyes is ,75 (that is,
755 ) . |

Assume that yvou are given'fhe task of analyzing the data for 1000 individuals
that'are randomly‘selected from the population studied. Based on the information
given above, please determine the probability that each of the following categow

ries will oceur ( in % ) :
.

( State probability in percent)

Up to 50 individuals have brown eyes

50 to 150 individuvals have brown eyes

150 to 250 ihdividuals have brown eyes

250 to 350 individuals have brown eyes

350 to 450 individuals have brown eyes

450 to 550 individuals have brown eyes

550 to 650 individuals have brown eyes

650 to 750 individuals have brown eyes

750 to 850 individuvals have brown eyes

850 to 950 individuals have brown eyes

More than 950 individuals have brown eyes

" Total = 100%

~Note that the categories include all possibilities, so your answers should
add up to about 100%.
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Abdreviations

Response category

Difference between subjective and objective probabilities

Mear of the subjective probability distributiom
Sample size or event size

Objective probability values

Probability level

Sex of the subjects

Subjective probability edtimates
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A
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