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experiments were conducted to investigate the process Dy which humans ag-
te uncertainty across tasks. The results indicate that the process can

t be described as additive. However, the high variability of the data sug-
ts both that the additive mode! should be as only an approx‘mation
that the process s a complex interaction problem spec' fic and deciston-
r specific variables. As & result, the strategy by which uncertainty Vs ag-
ted is vartable. Although individusls who use & hewristic are capible of

ing |

- .
’
s an n.vn-o:-.--nc—un ' .
SN0 L e %m m.




_ UmCLASSIFLED
: T c;g-cua: 'ﬁ"“""’"""""

\\
20. show & stable pattern of responses The complexity of the process
implies that 1t must be appr-ached with a myltidimensional perspective.
The major variable clusters of the uncertainty estimation and aggrege-
tion process are specified as are their interrelationships. The tapli-
cations of this research for an extersion of MAUT techniques are

discussed. .
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Aggregation of Lrcertainty about Subjective Judgments '

Leorard Clare Jonwnson
Untversity of Washington

When one 15 called uwpon to make & subjective judgment about & person,
object or event, 1t 15 common o experience some degree of uncertainty about the
precision of the judgment. Judgmenta) uncertzinty plays & large rele in the
psychology of decision meking, ond within this context the concept has recelved
4 900d deal of analysis. In decistion making the judgments of Interest often
are sbout pruportions and probabilities of various events. [n some cases the
avray of events 1s discrete (e.g., the possible diseases that a patient might
have) and in other cases 1t is continuous (e.g., the proporticn of people in the
U.S. who own foreign automobiles). The work reported here deals with tasks that
have continuous probabiiity distributions.

Ignorence, risk and ambiguity arc terws used (o describe various states of
uncertainty sbout population proportions cr probabiiities (Yates & Jukowski,
1976). If the distribution over all possible values of the proportion or proba-
pility 15 sharply pesked, the decision maker 15 fairly certain about the appro-
priate probabi)ity and a decision based upon 1t s sald to be made Tn & state of
riskiness (Luce & Ratffa, 1987). Ignorence s represented by the case in which
al) probabilities are seen as equa'ly likely (Coomds, Dawes & Tversky, 1970). A

rectangular distribution over the renge of probabiiities is the technical jefint.

tion of igrorance, but from a practical standpoint, any broad, reasonably flat
disiribution approximates the condition. Risk and ignorence are extreme condi-
tions which are seldom realized; all the possible vartations between these
extremes are 34id to be states of ambiguity (Ellsberg, 1961). Consequently, a
continuum of uncertainty states can be anvisioned in which ignorance progres-
sively develops 1nto asbiguity and uitimately into risk as the probability
distributions become progressively more peaked. Anything that “sharpens’ the
distribution promotes greater certainty sbout the point estimate (or vice verse)
and anything that "flattens” it promotes greater uncertainty.

One factor that should promote efther sharpening or flattenming of the dis-
tribution 1s the ssount of pertinent information the judge has sbout the proba-
pility that s to be estimated. Peterson and Phillips (1966) demonstrated how
cbservations pertinent to an event contribute to judges' knowledge sbout it and
how subjective probability distributions (uncertainty) narrow as observations
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in a large urn on the basts of & sequence of rendom draws Of one chip at a (ime.
Rather than giving a point estimate of the proportion, the judges Jescribed their
subject ive probability distributions over the range of possible valyes of the
proportion (.00-1.00) after each draw. This required them to give 331 credible
intervals using a method that will be described below. When the obtained
intervals were compared to intervals derived by using Bayes Theorem, it was
found that given enough draws, participants eventually selected a probability
that was the same as that predicted by the normetive model  However, they did
50 about half as quickly. That 1s, the participants were able to learn about
the proportion but their speed of doing S0 was “conservative” cospared to the
normative model . Conservatism 1s cosmon in probability revision experiments
(Phillips, Mayes 4 Eawarcs, 1966, Peterson * Beach, 1967, Slovic & Lfchtenstetn,
1971, and usually 1s of about the same magnitude as was found In this study.

Although participants apparently could deal with it the method Petersor
and P2l ips (1966) used to elicit credible intervals 1s quite complex:

1
!
proceed. Thelr subjects’ tashk was to fdentify the proportion of red poker chips !
|
1

The 58 were told to teagine a Yarge urn filled with poker chips,
some red and the others blue. Their task was to make estimates
JSout the proportion p of red chips in the urn vhen p was selected
by & random orocedure such that all values between 0 and | were
equally Ykely. The S5 were told that they would receive information
about the value of p by odserving a sequence of chips drawn from
t52 urn.  Each S's task was to use two markers to trisect a
scaled 0-) continuum into three intervals such that 1t was equally
Iikely that p was contained in any of the intervals.

he fol M:’ trataing procedure was used. The £ displayed »
practice sanple of nine red chips and one blue chip. The 55 were
told to use the sample as a basis for Inferences about p. Each §
was instructed tu set Ais markers at 0 333 and 0.667, and then to
imagine that he and two £5 would each bet & dollar on which of the
three ‘ntervals contained the correct proportion of red chips in
the urn.  Each of the bets had to be placed on a different interval
and 5 was allowed the first chotce. Mo 5 picked the O to 0.333
interval , and 1t was agreed that this fnterval was & bad bet. Mext,
S was Instructed to move the markers to 0.A99 and 0 901, this time
it was agreed that the small 0 399 to 0.901 interval was & bad bet.
ihe [ then explatned that the bets for the first settings were not
equally good because too little attention had been patd to the sample
of red and blue chips, too much attention was pald to the sample for

settings. Then £ instructed the 55 to set the markers so

that the three intervals would be equally good bets, | e, If the §
were loft with the last cholce of an interval he would consider his
bet to be as falr as the other two. As a second practice trial, Ss
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told that & new urm had selected and "™hat a sample had

were Lee:

been drawn which contained no red chips and six blue chips. They

were again Instructed to set the markers to yleld three intervals,

sach of which would be an equally 900d bet. The | interrogated the

:: to insure that they understood the concept of three equally good
ts.

At the beginning of each sequence of 48 Jdraws the 55 were
required to set the markers at 0.333 and 0.667. They then revised
and recorded these settings after observing each successive chip in
the sequence of draws. The results of previous draws 'n the sequance
were displayed throughout the sequence (p. 19-20).

Simtlarly complex methods have been used 'n other studies (Beach, 1975) and,
with & good deal of practice, people often can become proficient in the use of
intervals although they tend In most cases to be moderately inaccurate when
compared to some objective, statistical standard (e.g., Slovic, Fischhoff &
Lichtenstein, 1977).

The problem with credible intervals 15 toat the experimenter tells the judge
the criterion to use, ¢.9., 4 335 Interval, a 99 interval or whatever. Ihile
this is meaningful to the experimenter 1t Is not necessarily so to the judge '
unless he is given extensive, time-consuming training. To overcome this :
problem Beach and Solak (1969) invented the “equivalence interval” (EI). This
is the interval around some point estimate that the judge feels 1s “reasonably
1ikely” to contain the true value of whatever 15 being estimated. Put ancther
way, If the true value turned out to lle within the (1, the judge would count
the estimate a5 essentially correct.

A number of studies support the contention that the El s a useful measure
of a judge's differential uncertainty about the accuracy of subjective judgments.
Seach and Solak (1969) presented people with arithmetic problems (e.g. ., 87% of
96 * 83.5) and asked them to put El's around the correct answers Lo indicite the
range within which they would regard someone's answer as essentially correct If
the person were to work the problem in his head. [t was found that the intervals
were 4 constant proportion, k, of the magnitude of the correct answer, (, (that
15 E1/C = k) and that k was different for difficult and easy problems.

Lasstadius (1970) had people examire ists of 15 numbers of either high or
low varfance. Thay were given the correct mean of sach 1ist. Then, for each
115t they were asked to specify an El around the mean within which an unalded
Judge's estimate of the mean would be close enough to be “in the bellpars .~
The E1's were stgnificantly larger for high vartance 1ists than for low variance
11sts, Just as credible intervals would be.
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Beach, Geach, Larter and Barclay (1974) further examined the propert les
of £1's. They found that the “law of proportional ity” obtained by Beach and
Solak (1969) held only for prothetic continue, 85 would be expecled, but that
aoven for methathetic continua the £1's were larger for unfamiliar events than
for familiar ones. When judges set E1's around thetr own estimates of & popule.
tion proportion based on a random sasple, the £l's decreased as either the sanple
size increased or a3 the proportion spproached | .00 or .00, both conditions
would affect a credible interval in the same way Judgments of people’'s ages
yielded & + 16 for strangers aces and 0¥ for strangers jJudgments of the
Judge's own age. E1's for the serfousness of varfous '1fe events (Holmes |
Rahe, 1967) ytelded &k « 1) and for the serfousness of diseases (Wyler, Masuda
CHolmes, 1968) & » 1), A fina) study showed that the size of the £l around
hypothetical sums of soney that one could inherit or give avay was Influenced
by one s “upposed wealth or poverty and by whether the money was Or was not
involved tn & gamble. While this s & strange putpourr! of topics, the studies
nonetheless Jemonstrate that £1's vary with the vartables that both cosmon
sense and statistics dictate they should.

With the exception of the proportion estimation study in Seach et al.
(1974), t1's have always bDeen placed around points that the experimenters
specified rather than having the judoes use them to indicate uncertainty about
the accuracy of thelr own judgments. However, the results of the proportion
estimation study showed that, when used in the latter way, the £l s behaved as
credible intervals would have.

In this paper El's will be used to esamine how Judges aggregate uncertainty
about the accuracy of their cwn subjective judgments when these component
Judgments are compounded into overall judgeents. For example, suppose a con-
tractor were to make A serfes of “educated Quesses about the cost of various
components of some jJob ana then sum these Quesses using pencil and paper to get
en overall estimate. €acn guess, however educated i1t may be, 15 stil) & guess
and as 4 result has some degree of accompanying uncertainty. Therefore, the
sum of the guesses also must have sccompanying uncertainty The questions of
interest are: In a task like this can people aggregete uncertainty? [f they
can, 15 1t possible to mode! the process? Does aggregation differ for easy and
d1fficult judgments’ Does the number of component judgments influence the

agqregation?
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Aggregation of uncertainty has Deen examined 05t thorouwghly in the Bayesian
revision studies (Peterson & Beach, 1967, Slovic a Lichtenstein, 1971, Slovic,
Fischhoff & Lichtenstelin, 1977). However, the normative mode! used in that
research 1s not applicable to the present form of aggregation. Indeed, mo
normative mode! exists for this situation. Therefore we can only conjecture
sbout possible models and then empirically seed the best

Anderson and his associates have sxamined the ways in which information,
45 opposed to uncertainty, 1s aggregated in various situations. They have
found that this kind of aggregation most often can be described as efther
additive or averaging

Additivity means that aggregation is best described as a process in which
information is merely summed as It 1s recelved. For example, 4 person’'s prefer-
ence for a lunch consisting of & certain kind of sandwich and a certain kind of
drink 1s the sum of his preference for the two separateiy (Shantesu | Anderson,
1969) .

Averaging means that aggregation ‘7 bDest described as a process in which
information s pooled. For example, a person’'s net impression of another person
seems tC be the average of the other's positive and negative characteristics
(Anderson & Alexander, 1971).

Because these two descriptions of agurecation are siaple and because they
have been found adequate for & broad variety of tasks, 1t is reasonable, in
lleu of a normative mode! for uncertainty sggregetion, to consider them as the
leading hypotheses for examining uncertainty aggragation

The research strateqy consisted of presenting participants with series
(strings) of arithmetic problems and asking them to work sach problem in their
heads, write down the answer, and place an £] aroun! it.  Then they used pocket
calculators to sum the answers to the component probless and placed an £l
around that sum. Some strings were predominantiy easy problems and some were
predominantly difficult.  For reasons that will become clear, the first experi-
ment uSed strings of five component problewms . the second used three, the third
two and four.
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In the first study the sequences had flve component problems . [stimeted
answers L0 these probiems were aggregated on pocket calculators into either o
sum or an average. [(l's were obtained for the estimated answers for each
component probdlem (H‘) as well for the sum ((l') or average ((l.). O intevest
mmﬂ‘n!l.mnlom hsﬂmlywum!l('sd the
component problems ., taplying that uncertainty was agyregated In some manner . and
whether the additional step of dividing to obtain an average influences fl. n
any way. 1
fethod 1

The method followed in this experiment will be described in some detal)
poth because 1t 15 complicated and decause the subsequent experiments were
conducted in a similar way.
Materialy

To provide a meaningful context for the problems each sequence was assoc!
ated with a short cover story. There were four stories. One required the judge
to imagine himself to be standing in & check-out |ine at & supermarket e
plans to pay cash and wisnes to estimate the total cost of the groceries to see
1f he has sufficient money. This inwives solving component problems such as
‘68 lbs. of dog food at 1i¢ per pound” or “73 avocados at Bl¢ each,” etc.
Similar stories and problems itnvolved & contractor (2998 electrical outlets
at 99¢ each” ), judgments of people's weight [ Ihat would a 20 year old male
who was & feet tall weigh? ) and straightforward percentage probless (“What 1.
995 of 29987 ). Appendix A contains these stories and representative set of
component problems

A two-step pilot study was conducted to obtain a pool of difficult and
easy problems. In the first, participants were asked to work approximately 5
problems in their heads and to rate the difficulty of each on a 5-point scale.
Although rough, the results indicated that the per cent was the biggest deter-
minant of difficulty, with the size of the number upon which the per cent operated
being of less importance. For example, problems requiring that one take 250,
S0%, or 991 of a number were ‘easy while these involving 871, 131 or 475 were
Judged to be “difficult’. Using these results, a large pool (approx. 300) of
problems was constructed. fach problem was placed on & small siip of paper,
and snother growp Of participants was asked to sort the probless according to
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whether they were difficult or easy (without actus!ly solving the problems)
The results were tested using a binomial test Items were regarded to De
d1fficult or easy 1f they were placed in one cateqor) consistently emouoh to
reach a 0.05 significance leve!

About 80 problems eventually were selected Drawing from these six
sequences of five problems each were constructed Each sequence was constructed
50 that the component problems had answers falling within one of three interval:
along the number line. Two sequences each were constructed for the three
intervals tested The intervals represented progressively higher orders of
megnitude (1.e., 10 to 100, 100 to 100G, and 1000 to 10,000). with the result
that the experiment was able to test the effect of the size of the numbers
being manipulated. Finally, the sequences were made predominant |y difficult
or easy (one each for gach interval) by placing four dgifficult and one edsy
problem together to form a difficult sequence and four easy and one e1fficult
problem together to form an easy saquence.

The problems were presented in booklets in whicn the order of sequence
presentation as well as the problem order within each sequence were each
independent |y randomized for every participant [nstructions at the end of
each sequence requested either a summing or averaging of the component provler
estimates For each sequence one-half of the participants were instructed
merely to sum and the other ome-half were instructed to compute the average
For each participant ome-half of the sequences required sums and one-he|f
required averages.

Procedure

Participents were seated at desks and given pocket calculators and &
booklet of experimental materials. The experimenter gave extensive Instruc-
tions (Appendix B) that emphasized the purpose of the study. the meaning of Els
and how to record thes, a sertes of practice prodbless to permit fami)iarize-
tion with the time limits placed on doing the problems and the range of d1¥f1.
culty of the problems. It is important to note that the calculators were only
used to sum (average) the estimated answers tc the compoment problems  they
were not used on the Els.  Use of the calculators insured that the sums
(averages) were mathematically accurste so that doubts about inaccurate
sdding (or dividing) would not contribute to the !l,(!l.)

For each component problem in a sequence . participants were given 20
seconds to make an estimete of the answer and 30 seconds topuun!l(
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around this answer Participants were specifically tast ucted to make use of
the full 20 seconds and were not allowed to proceed from the estimate Lo the
interval unti] the time had elapsed Similarly, pariicipests did not begin
the next component problem unti! the 30 seconds al lotted for the interve!
elapsed. After each of the 5 component problems had been completed, partic)
pants used the calculators to compcte & sum or average of their estimates and
then placed an tl‘ or !l. around this value.

Participants

Participants for al| experiments to be described were solicited through or
advertisement in the University newspaper Both students and nonstudents were
represented in the resulting pool and all were paid three dollars per hour for
participation. Teenty-e¢ignt persons were involved in this study of whom six
were subseguently dropped from analysis because of their apparent failure Lo
comprenend the Instructions and/or because they produced uninterpretable date
(e.qg., their El's did not surround the estisate).
kesults

To examine the effect of the difficulty sanipulation the magnitude of *he
point estimate must be taken Into account, previous research shows that El's
increase as the magnitude of the point estimate increases (Beach & Solak, 1965,
Beach et al., 1974). To do this each £l s divided by 1ts accompanying point
estimate and the result, ¥, 15 submitted to analysis.

To test the difficulty manipulation the mean & for (l‘ and El. was
computed both for the easy and for the difficylt sequences for each particinant
For 19 out of 2) participants the mean k for the difficult strings was larger
then for the easy strings (p < .00 by a sign test). The overall mean & for
the d1fficult strings was .17 and for the easy stoings 1t was 08, This resuit
is congruent with those obtained by Beach and Solak (1969).

Using the ratio of Els to the products, sums, or averages of the tlc for
each sequence 1t is possible to test the adding and averaging hypotheses
Figure | shows the relative frequency of each value of these ratios across
sequences and across participants. A ~stio of |1.00 indicates that the hypothesis
in question is a good fit. While neither of the hypotheses is really a very
good fit, the adding hypothesis clearly is better than the averaging hypothes |-
Thirty-nine per cent of the ratios !ie within the .50-1.50 interval around | 00,
while for the averaging hypothesis this interval contains only 4 per cent.

- —— -
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Of course. the most striking thing sbout these distributions iy their
shewness. Inspection of the raw data reveals that this results from o relativels
few very extreme values of both (l‘ anc ilc, These are not attribytable to any
particular participants, probless or sequences. they appear merely to be error
However, when used to calculete ratios these values lead to extresely large
or smal) ratios, depending on whether 1L 15 the !Is or the (l( that is extreme

Analystis of the ratios 1s hampered by these extreme values Specifically,
1t 18 not possible to use standard descriptive statistics to suwmarize the data
In this case, the mean ratio s 2.21  The literal interpretation of this value
would tmply that the participants inflated the sum of the component uncer-
tatnties by a *actor of rowghly two. But this clearly s not the case.

Figure 2 expands the additive histooram in the critical realon arousd one.

This plot further esphasizes the fact that neither the additive nor the
averaging hypothesis is truly adequate. In fact, the mode (0.45) lles between
the theoretically appropriate value of | .0 for adding and 0.2 for averaging.
But, in any case, the majority of responses do not lead to & ratio that is
very much greater tian 1 3. Figure 2 also snows just how inclusive these data ¢
are. The histograms reveal that even the “reasonabie responses form into an
andi fferent lated pattern in the reglon around and siightly below one  There
could be many reasons for this, dut before jumping to any premature theoretical
speculations 1t {s best to comsider the simple possibility that agarveating
aver five component problems simply 1s too difficult for people to do well.

To test this possibility a second experiment was conducted in which the task
was made less complex.

Insert Figure 7 about here

Experiment 2

The task was staplified in two ways. First, the number of component
aroblems was reduced from “ive to thres. Second, participants were not asked
to compute aversges for any of the sequences. [n addition to these changes,
for the two “construction” sequences (See Appendix A) the procedure was altered
s0 that participants worked only two problems, found the sum of these answers
and placed an intervel around this sum. A third probles was worked, 1ts answer
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wis added to the farmer sum and then an !l‘ was placed around this Tinal sum.
The construction problems were, therefore, a separate experimental manipulation
within the body of the basic saperiment. These sequences of length two were
included in case strings of three component probluss proved to be too difficuic.

In al) other respects the experisent was exoctly the sase as in
Experiment |
Participants

Twenty-eight participents were drawn from the aforementioned pool of people
who answered the newspaper advertisement Six were subsequently dropped Jdue to
uninterpretable data, leaving n = 22.
Results

Repeating the previous analysis for the difficulty manigulation showed that
20 of the 22 participants had larger wmean k's for difficult sequences than for
eacy sequences (p < 0.00 by sign test) The overall sean k for difficult
sequences was 0.17 and for easy was 0. 06.

Figure 3 shows the relative frequencies of the valuyes of the ratio el‘/m(
over problems and participants.

Insert Figure 3 about here

Comparing this histoaram with that obtained in Experiment | 1t 15 clear
that the additive Aypothesis is more effective for the three component case.
Specifically, the general shape of the distribution 1s sore in line with
expectations in that the median and mode are coincidental This indicated that
the obtained distribution is sore stable (1. e ., greater consistency in the
data). Furthermore, there 15 & sarked increase (617 v 391) in the number of
ratios in the 1.00 + intervsl

Although there are only two data points (two sequances) per participant
the effects of reducing the sequences to two component problesms can be examined
preliminarily using the sequences for which twe problers were worked, their
answers summed (E1_,). a third problem vorted. and the latter added to the
first sum (!l.l). The ratio of N the sum of the £l 's for the first
two problems was computed for sach of the two sequences for sach participant
As was true for the three component sequences, §1T of the rettes for the two
component sequences lie in the 1 00 ¢+ 0.5 'nterval  This sugoests that there
is nothing gatned by reducing the sequences from three 10 two components
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Continuing to consider these special soquences--when the answer 20 the
third problem 15 added to the sum of the answers of the first two it should be
very ike aggregating uncertainty for & two component sequence. In fact, this
proved to be the case. Apparently, uncertainty sbout a sum of problem answers
added 0 yet anotler uncertain problem answer s aggregated similariy to the
simple two probles case.

In summary, the rescits of this aperiment show that the responses of
participants cw be more ¢ffectively described by an additive hypothesis when
task complexity is reduced. The taproved effectiveness of the additive hypothesis
in the transition from five to three compoments was also found for the special
w0 and three cosponent sequences studies in this experiment. The two cosponent
data cannot be comsidered as stable since there are only 2 very few points.
Consequently, it seems reasonable (0 quesiion whether two component sequences
wight reves! 2 still greater ‘mprovement in the effectiveness or an additive
hypothesis (Experiment 3a).

In addition, it would be useful to obtain some ides of the effects of
sanipulations. The transition from Experiment | to Experiment 2 involved both
s change in the nusber of components and excluded the averaging operation. It
could be that for some reason participants in Experiment | were less able to
aggregate uncertainty because of the averaging operation rather than because of
the large nusber of components. Moreover, siaple compulsivity dictates that
four component sequences be examined to see 1f performance approsimates that on
five component sequences or three component sequences. Another study () wsing
four components and providing some tentative indications of the effect on the
process due to A multiplying operation was undertaken.

Experiment 32

The format for this experiment was the same as for the previous two.
There were 8 sequences with 2 component probless each  Sequence difficulty
was sanipulated by having 2 difficult ‘tems in the d1fficult sequences and ?
easy ones 'n the easy sequences Additional ly, there were sequences with a
component from each 1 fficulty level that were classed as having mixed diffi.
culty. OFf the eight sequences. four were nixed, two were esasy, and two were
difficuit. As before, the participants worked the component probless placing
!l‘mulm. found 2 sum using the calculators, and formed an £l aroumd
this sum.
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Following administratior of these elaht sequences there was 2 second
experimental condition In which simpie percentage problems wers presented.
Participants worked each problem and for each were given & number to add to
their answer  An equivalence Interval wis then placed around the sum.  Three
of these simple problems were easy and three were difficult. The size of the
nusber to be added was counterdalanced within the difficulty levels so that
the three orders of magnitude discussed in Experiment | were approximated.
Since the numerical constant had no uncertainty associated with it this
procedure can be viewed as a one-component aggregation task.

Participants

Twenty participants were obtaiaed from the pool Two were subsequentiy
dropped from the analysis, leawing n = 18,

Resylts

As in previous experiments, the manipulation of uncertainty was examined
using & sign test on the average string k for each participant, using only the
easy and difficult sequences. For 16 of 17 participants the mean k was larger
for ¢1fficult sequences than for casy omes (p < 0.00). The mean k for easy
sequences was 0.0, for d1fficult sequences it was 0.19. For the mixed
sequences 1t was 0.10.

Repeating the previously used analysis of ratios of El‘ to !lc resul ted
in a mean ratio of 0.95. This is very close to the result obtained for the
three component sequences in Experiment 2 as well as for the two component
(Eld . !la) problems. This reinforces faith in the sisple adding hypothesis
(see Figure 4).

PR SR ——

Insert Figurs 4 about here
ihen a nusber dictated by the experimenter 15 added to the answer to a
single problem there should be no ‘mcrease in uncertainty about the accuracy
of the resultant sum  Nouwever, because this sum has been Increased the El s
expected to increase along with 1t (Beach i Solak, 1969). Therefore, to ser
1f the parti. ipants’' actual uncertainty remained unchanged through the adding
mm.m-uormu‘-umum-.ummn‘.
There was no di fference, indicating that for single component sequences with a
non-uncertain operation appended the operation does nut increase relative
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uncertainty. For & to remain unchanged the !l’ Must have increased. Althou
this increase s 11logical, It is comsistent with the rosults obtained Ly
Geach . Solak (1969).

Lxperiment b

In this study tie sequences had four cosponents and Jfficulty was not
manipulated. Rather, the sequences were arranged 50 that the two sequences
for each cover story were as closely matched with regard to difficulty as
possible. In addition, the “grocery” problems were set @ S0 lhat partici-
pants worked the sequence normally and then were required to sultiply their
answer by four and place an interval around this final value. The multiplica-
tion was consistent with the cover story (1.e., compute the monthly bill if
the first answer were your weekly bil)) and vas designe) te be both »
test of the manipulations effect and & variation in the procedure to determioe
1f the results in Expertment | Could be explained on that basis. The gprocedur:
in all other respects was the same as in the previous studies.

Participants

Twenty participants were obtained from the sarticipant pool. They were
all used in the data analysis,
Results

The method used In previous experiments was aoplied to the dala and the
outained frequency distribution s shown in Figure 5. The wvalue of 50 per cont
in the interval 1,00 + 0.5 as well as the general shape of the curve are
more sietilar to the two and three cosvonent experiments than o the five
component case.

A comparison of the El (sum E1) and the EI_ (multiplied £1) vas sade
using & steple ratio. It seems reasonsble that participants would increase
their intervals b, four when they multiplied; essentially paralleling their
manipulation of the Fl's. A ratio of 4:) would indicate that this in fact
was taking place. Using all of the data avallable (1 « 50) ylelded & mean
ratio of J.15. This indicates that participants did increase thelr intervals
but that they woere unwilling to expand their intervals to the full amount
that an additive hypothesis would spectfy as appropriate.

- R S R e —

Insert Fijure O about here
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Although the preceding studies demonstrate tie viabtility of on additive
sodel for the process of uncertainty aggregation, the results are incosplete |
for two reasons. First, since the experiments were all conducted using
students who wer: not necessarily skilied in the techniues of estimation, 1.
is natural to question the gemeralizability of the results. “Real world
experts, indivicuals who as a part of their professional activities make and
process estimates on a datly basis, way be different froe 2 student population
that has no real interest in the task or process being studied.

Second, the experiments thus far have been dJdesigned with the hope that
the data woull possess lov enough variabi ity to allow the experimenter to
infer a descriptive mode! for the srocess. In fact, the level of variability
nas proven to be quite high. Because no systematic interviews were conducted
with the students, 1t is not possible to cross check the additive nypothesis
with the subjeciive impressions of the participants themselves.

As a result of these difficuities a fourth experiment was undertaken.

Experiment

The objectives for this experiment were twofols: (1) to test the ’
plausidility of an additive mode! for uncertatnty aggregation using iadividus’
with 1] developed estimating skills, and (2) to structure the data collection
process in a way that would allow the experimenter to compare objective
results of the experiment with the participant’s ouservations of what he
pelieved Pe was doing (Ms subjective results).

Pergicipants

The cooperation of four practicing architects was obtained for this
experiment. Although they received no financial resuneration, their enmthusiase
during the experiment and thelr subsequent interest in the results indicates
that they were highly sotivated.
daterials

A floor plan of a large clinic was obtatned and all measuresents removed.
Seven rooms were chosen from aong Lhose represented on the plan. Since the
actus! surface ares in these rooms wvas held fairly constant (mean size of
room was 5.6 -2. o= 6.4 .2,. the d1fficulty of estimating the surface ares
represented could be unembiguously mantpulated by varying the complexity of
the perimeter. An architect who servad as an advisor to (his experiment rated
the chosen shapes for J1fficuity so that & mantpulation Of cosponent problen
difficulty snalogous to that used in the carlier sxoeriments cold be carried
out.
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Tresedury

The architects participated indiviiually in 3 conference room provided
by the firm that esployed them, The experisent cousisted of three phases
introduction to tiw task and training in Lls, the task, and 2 sebriefing
interview.

The training and introduction prese (as stellar to that given the student
participants 'n previous experiments.

The task phase consisted of two trials, (ach trial invoived the ares
estimation and an ! specification for each of three rooms. Following the
third room in cach trial the participant was informed of the total estimate.
surface area of the three rooms (1.e., the sum of his turee point estimates)
and was asked to place oo Ll around this Sum,

The interview phase consisted of two parts. In an initial part the
participant was encoursged to describe the strategy he used in El specification
and aggregation without any specific direction being offered by the exper-
menter. The role of the experimenter in this section was to facilitate the
discussion Dy restating the strategies as they were given, in order to
encourage the participent to continue, and by offering cosments des)mmed to
focus the participant's attention on aspects of his strategy that were not
clearly described.

The second part of the intervie: was structured. Although a0 unstruct =
forsat allows participants latitude in how they descride thelr strategies, !
often can occur that they are (nable to do so with any precision. The
structured format was designed therefore to give participants a servies of
fized reference strategies in the hope that they would then be able to specify
more precisely the differences bhetueen them and their own strateqy. lore-
over, there was some concern that data from tie unstructured interview might
not perwit comparisons between individuals. By using the structured inter-
view to provoke Jiscussion 1t was hopel to obtain dats that could be compare’
4CTOSS persons .

The structured interview invoived short paraoraphs that were written (0
suggest one of three strategies: largest interval, additive, and averaging.
(The paragraphs assoclated with each of these strategies are given in
apoendix C). The participants were asked to imadine that they were trying
to communicate their own strateqy to & person Who had just expressed the

-
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point of view represented 'n that naracraph. Specificelly, the participants
were to formulate statements w ich would adequatel s communicate their reasor
for agreeing or disagreeing '/Ath the stratecy portrayed.

Resylts

tach participant was asked to describe his metnod of estimating the room
sizes. In every case the process of estiiation was obvious 1o the nartici-
pants. Each chose a specific feature in the plan anl based upon past capori-
ence made an estimate of its size. In every case this feature was the
doors which were estimate) to be | neter wide. Using tols feature as o
standard, the participants attespted to estimate the lenoth and width of the
target room. Rooms that were not simple geometric shapes (1.e., rectangles
or triangles) were mentally manipulated 50 that the surface area represented
by the od) shape was translated into one Of these forms and subsequent)y
analyzed. The ease with which the participants verbalized their estiration
strategy and the wniformity of this strategy suggests that the task was well
suited to 'heir area of experience and expertise.

The participants wers also askad to verbalize theiv strategy for estimat no
the £l around each surface area. Here, too, the responses were strikingly
consistent acruss all participants. Althouoh each architect describec the
process in a personalized way, the main cospoments of this description were
consistent. Through discussion it became clear thet the E]l was perceivel as
& measyre of their confidence in the point estimate. lrore dJetalled probing
led to 2 Vist of variables that were thought to be important determinants of
the El. Specifically mentioned were perimeter complexity, experience vith
the type of byl lding being discussed (1.e., wspital vs. warehouse apartment
or retail store), confidence 'n the accuracy of the standard or mouulus bein,
used, and the extent of a person’'s experience in estimating. Since, for a
given series of estimations, all of these factors will Le comstant except ti
complexity of the perimeter, these results suagest that the manipulation of
probles @i fficulty was successful and wnasbiguous. An industry accepted
heuristic of + 108 was mentioned by 3 of the & participants, but none of ther
reported using this type of fixed k strategy. an observation that is support:
by their data (Figure Ga).

-~

Insert Figure 6 about here
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Figure G gives the resuits obtatned in expertment 4. Section a of this |
figure 11sts the numerical data by parti-‘nant, task and stumuius as well as |
the £l specified for the total surface area for the three stimuli. Section |
summari zes these numerical results by assigning an inferred or best approx: - i
mation mode! to each trial. Also iacluded is the participant’s verbally
reported strateqy; hMs “wolel” for the process of uncertainty aggregation.

Utscussion of the aagregation strateqy, in sharp contrast to the previous |
two processes, was maried by substantial differences between ndividuals.

Since the specifics of the aggregation strategies are in general different,
it will be necessary to deal with the results of each individual rather than
as 4 group.

Participant | was not able to vocalize his strategy 'mmediately. However,
his statements became prouressively more specific as the interview progressed
and these statements were all consistent with the averaging strateqy which he
witimately specified as being correct. This participant felt: (1) that the
errors over all the problems would tend to “average out” (1.e., an accurate
estimate with relatively small El should nave as much of an effect on the
aggregated £l as a poor estimate whose €1 is rather large); (2) thet all
yroblews should contribute in some ay to the E]l of the overall estimate; and
(3) that confidence affects the narti ular stratejy coosen.

This last point was pursued in some Jetall and althouah the results are
not as clear as could Le desired, they 40 provide an interesting glimpse into
this hereto ore uninvestigated area. The possible strategics were seen by
this participant as ranging between a pursly additive and purely averaging
spproach. In low confidence situation. the hypothes's that errors will
averdge out s the least tensble and as & result. 2n additive mode! would be
the proper choice. Wigh confidence situations are better handled using an
averaging mode) . Mowever, this was judoed to be true only 1f the criteria
surrounding the problem remained approximately the same. [f the expectations
increase along with the person’'s confidence, the mode! of choice would again
be one of additive aggregation.

Participant 7 was able to fmediately verbalize his strategy as & susming
mode! thet incorporated an additional term. [t was clesr that this participant
was using am overtly conscious approach to the task based in part on his
bellef that a normative mode! for accumulated error exists in methematics.
Accordingly, he felt that the appropriate aggregated errvor was slightly wore
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than the suw of the cosponent £l's. Since this approacn disallows the
possibi lity of compensating ervors, 1t is distinctively non-statistical. The
date from this participant are in excellent agreement with his verbalilzed
strateqy .

This participant felt: (1) that all cosponent probless should contribut:
to the overall estimated uncertainty, (2) that the averaging and largest
interval strategies (Appendix () were n0l cautious enough, anu () that the
choice of strategy was dependent on probles charscteristics and personal
expertise.

e specifically wentioned an example used to introduce the concept of
an El during the introductory phase of the experiment in which he was asked to
estimate tiw amount of woney in both nis oun and the experimenter’'s wallet as
an example in which, due to his lack of confidence 'n such esticates, an
averaging mode! would bde most approgriate.

Participant J was also ‘mmediately able to verbalize the strateqy he had
used to aggregate Mis uncertainty sstimates. Although ne couched the proces.
in terms of percentages, the resuit was equivalent to a susming mode! and, ac ’
indicated in Figura 6, this gbservation is in excellent agresment with his (1),

Mere, too, the participant’'s strategy was 'mplicitly based upon an
assumed theory of error accumulation =hich was comistently and comsciously
applied; in other words, a neuristic,

The interview with this participant was particularily interesting because,
naving spectfied the strateqy used throughout the exercise, he procoeded to
argue both for and against its merits more or less concurrentiy. It became
clear from the ensuing Jdialog that: (1) He would use a mode! in which errvors
were allowed to compensate 'f asked to Jo the task again, and (2) confidence w
was the factor that would primerily influence his cholfce of strately. Speci®: -
cally, he stated that high confidence situations were amenablle to a wmode! t.1
assumed the errors were compensating aru 1.8t low confijence situstions were
most appropriateiy handleu by an addit we aogregation procedure.

Al though participant 4 was not able to verdalize a clearly Jdefined
strategy, he d1d specify his approach in enough detal! to permit inference of
4 bastc model. Like the other varticipants, he felt that all of the component
problems should contribute in some way to the overall 1. ne also stated
that the aggregated interval should be larger ' the largest component
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probliem interval. These obsorvations suguest an adlitive model. The parti
pant attespted to specify 4 velghting strategy by which the cospoment probloes
were incorporated 'nto an ¢l for tw sw:. Perimeter complexity amd the sire
of the area being ostinate’ relative to the total vere spectified as the
salient features of the weluhting process Lut 1t was not possible to determin
the actual equation luring the interview.

Muring the structured interview this participant wes asied to respond
to several bogus strategies. lle characteri ed the “iargest faterval” strates
as that of a “widdle-of -the-roader.” Further ‘nvestigation om tils point
revealed that e viewed his strategy as lying between sunming and Averanim
on a continues that coulu be loosely defined as comservativeness, suseing
betng the most conservative type of responsce and averaging the least comser-
vative (f.e., most risky).

In this Tight 1t is interesting to note that each of the other participant:
indirectly supported this organization, Participant |, for exasple, chavac-
terized the susming strategy as too conservative when compare! to s averay!
approach while participant 0 felt averaaing vas overly confident (V. o., overl,
Itberal) whvn cospared to his summing stratogy.

In addition, the stratectes used in the structured interview were
consistent |y accepted as plausible. The participants would often respond by
observing that the bogus strateqy s understandable or with a phrese like,

“I can see vhat e was doing but . . "
The results taken as a whole support the following observations .

(1) Individuals can approach the problems of uncertainty aggregation in
o distinctly different ways. The first, characterireu by an
eesily verbalized strateqy and 2 igh level of comaruence between
this stratey and observable bohavior gfwes (he tmpression of being
a heurtistic. Tie second, as the antithesis of the first, appears
o be 4 more subjective response to the task,

(2) The wethod by which subjective uncertainty assessments are combine !,
whether or not the individual is prone 10 using a heuristic approac ',
is not fined,

(3) The cliotce of stratogy s made on the basis of problem and person: |
characteristics ich include the expactations surrounding the
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solution, the confidence (skil)l amd experience) of the probles sol
and the individual's personal response style (comservative, noncon-
ervative).

(4) Those mgtviduals who use 2 subjective approach to uncertainty
sgyregation are more likely to respond incomsistently to a set ot
apparently siwi lar probless .

These four observations imply that the lack of comsistency both betucen

and within the participants of the first three cxperiments can be attribute .
at Jeast in part, to 4 process that is at best distinctively individualistic
and at worst highly unstable.

This s not to say that the process is totally unsystematic., There
appears to be general agresment that each component snould contribute (1.e.,
be incorporated) to the overall uncertainty spocification. [n addition,
all of the participants in this fourth experiment saw the possible strategies
as in some way falling along a continuum of progressively more or less risky
(or conservative) strategies.

In fact, the participants, irrespective of personal orieantation, ordere
the strategies similarily. Suswing 1s seen as tie mOst conservative with
averaging the least conservative. Three out of the four participasts felt
that increasing confidence would lcad to a strategy progressively more simil
to an averaging or compensating error sodel.

Mscussion

These exporiments were undertaken to investigate the process by which
uncertainty s aggregeted. Taken as a whole they contribute to or expan' ()
decision making literature in two areas: pdating of subjective probabl lities
and the mu'ti-attributable utility theory. The comcept of uncertainty aggrog. -
tion 12 not & conpletely new one. Researciers have extensively studied the
process by which subjective probabiiities for discrete evenls are wpdated In
1Hant of new inforsation. The definttion of uncertainty used in these
studies, 2 subjective probabl 11ty that & specific event will occur, is
distinctively advantageous in that a Dayesian mode! is known to be normative.
unfortunately, this definition is not well suited to problems that cannot be
defined in terms of the occurvence of & 1imited set of possible svents.
Furthermore, the fundemental finding of this [iterature, conservatise, i«
currently believed to be an artifact of the "book g and poker chip” parad: -
(Slovic . Lichtenstein, 1971). By selectine a less restrictive definition
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of uncertainty 1t has Leen possible to investigate uncertainty aggregation 1o
a new context. Specifically, the focus has been placed on the process by
which uncertainty is agoregated across tasks. This chamge of focus can Le
viewed a5 an initial attespt to revitalize an ares of research that has been
prematurely set aside.

In thetr latest review of the decision 1iterature, Slovic, Fischhoff and
Lichtenstein (1977) point out that the axtomatic basis of the multi-attributab .
utility theory ((AUT) has developed repidly tn the last five years. These
developments have led to a fairly cohesive set of axfoms which, 1f satisfied,
assure that the decosposition node) implied by that set of axioms will lead |
the choice of the best alternative from asong & set of alternatives. The
pasis of this decospostition approac: is 2 serfes of judgments about attributes
relevant to the overal) probles which are subsequently combined into an
agoregated estimate of utility for the alternative. Althouwg™ therc has been
some interest in (T s semsitivity to smell ervors in the specification of
the compoment judgments (Fischer, 1972), the iterature is surprisingly
silent on the uncertaint: that should be attributed to the agoregated utility.
Tne procedure followed throughout this cxperimental sertes is a direct
analogue to the 'WUT techmique and thus the questions of uncertainty angregatio
that are examined relate direct): (0 the Jevelopsent of this decision making
wo!. ﬁ

T™he use of an equivalence interval as a2 measure of uncertainty brought
with 1t certain methodological disadvantages. Very little is known of the
relationship between £1's and common descriptors of probabiiity distributions
such as the varfance. As a result, 1t has not been possible to use statistical
concepts as 2 basis for a normative sodel. 'lore isportantiy, the Sayesian
mode! used in previous uncertainty aggregation studfes could not be meaning-
fully applifed to this type of problem. Urawing on the results of work in an
analogous ares of research, information integration (Anderson, 1970), two
wodels were proposed. These vere (1) an adding mod 1, £1_ = ., €1 , and
(2) an averaging model €1+ 0. €l /n. The use of information fntegration
concepts was appealiing because of tne Lroad range of topics that have already
been successfully described sing these sirple algebratc models. Furtherwore,
s simple relationship between component ,robless and aggrenated uncertainty
was expected. ‘Mth that in mind a series of three experiments was undertaken
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in which the characteristics of the cosponent probless as well as the nusber
of component probles were varied.

The first ssperisent used sequences of five component nrobless. As o
wanipulation check some sequences ere JIfficult and some vere easy., ll‘
proved to be wider for the former than for the latter, indicating that parti-
cipants ' uncertainty was sanipulated. T/ various lppotheses generate
Quit: different predictions and, though notsy, the data ruled owt & strict
averaging model. However, the adding wode!'s abi ity to account for the
data was not particularly impressive. In theory this result cowld have
occurred simply because the participents did not understand the probles.

T™is explandtion 15 ruled out for two ressons. First, the experimenter
devoted extensive Lime to the cxplanation of the probless ., as well as the
techniques bLeing used. Furthermore, the directions incorporated solving
exact analogues of tiw problems to be used during the experiment and ques-
tions were encouraged and completely answered. Secondly, the data from cach
experimont were carefully scamned for response patterns that were not com-
sistent with the directions (1.e., the [l boundaries i1d not enclosa the
point estimeic;. These participants comsistentiy represented a very smail
percentage of the total sample. [t was necessary (o see |f this inadenac
resulted from the participants’ inadility to ageregate uncertainty reliably
or tf it was the result of the burden of having to eal with five component
problems. To exemine this, 4 second experinent was performed usim sequences
that had only three component problems. As in the previous study problem
difficulty was used s & menipulation check ani ylelded similar resuits.

The additive mode! was more strongly supported in this experiment though the
level of notse was still fatrily Mgh,

Subsequently, a two-part experiment was conducted. First, two Component
seQuences were used; the results were simflar to those ‘n the three cosponent
case. In the second part of the experiment, the sequences had four components.
The objectives were (1) to deterwine whether the additiomal procodure in
ixperiment | had been responsible for the relatively poor performance and
(2) to find out 1f participants could deal as successfully with four as they
Jid with three,

In spite of their highly variable responses, asbout half of the participant:’
responses were fairly well described Y & siaple additive mode). Figure 7 sho s H
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the percentage of rations that fell outside the criterion intervel (1.0 + 0.7
as & Tunction of the number of components (1.e., error percentage vs. length
of sequence). There was decreasing abi ity to cope with the task as the
aumber of component problems increased. leterforating prediction of the
additive mode! was the most notable in the transistion between four and five
component soquences. dowever, the results of these experiments were not
completely satisfactory. Although an additive model provides some predictive
power , the relatively High variabl 11ty of the date suggests that the process
involves sore varigbles than had previous iy been expected. The fowrth
experiment was conducte ' in an attespt to reduce variability by comtrolling
for the participants’ estimating skill,

- ——————
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Specifically, Experisent ¢ used expert estimators in & task comsistent
with thelir area of expertise. Although the results demonstrated that
individuals can be stable aggregators of uncertainly, 1t was also apparent
that this occurs only when & satisfactory heuristic for the tasé can de
developed by the individeal. This is seen as a special case of a more
general subjective response process.

Figure o shows a process oriented susmary of the uncertainty estimation H
and aggregation process obtained in Experiment 4. [t is divided into those
areas or charecteristics that are chjective and those that are subjoctive.
Since the discussion that follows Jdepends ratincr heavily on the figure for
clarity, the reader is advised to use the diagram in conjunction with the
following test. As expected, the estimation of compoment uncertainty is
affected by the characteristics of the problem. However, the confidence of
the individual also has a Jirect impact on the size of the interval. This
level of subjective confidence has at laast two primary sources of input.
The first, envirommental characteristics, inwolves external comstraints such
as time, the ‘mportance of the decision, limitations on tie avallable tools
for solution, and the expectations of the people surrounding the decision
maker. In addition, the background of the individual directly influences his
perceived confidence. All of the people interviewed saw the level of tneir
experience and their previous successes/failures as fwportiant determinants of




.3‘- 1

their confidence. Although this Jiagran shows no feedbact loop, 1t should b '
obvious that the decision process by which component uncertainties are
spacified 1s repeatedly applie! unti| overy problem has been analyzed.

- —— . ——————
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The decision process by which uncertainty 1s aggregated is seen as
requiring an agoregating strategy an. 3 set of component uncertainties.
Although other faciors may be involved, it is believed that the fundamental
determinant of the choice of »ggregating strateay 1s & variable that is in
some sense unigue to every individual; his persomal response to uncertainty.
This variable appears to be a function not only cf nis level of confilence,
but also of environmental characteristics. This orcanization of the strateg
selection process is intended Lo ssphasize 1ts dymamic nature. CLased uwpon
persona)l characteristics anu external Jesam's the decision maker can be
described as selecting the appropriate strategy from a set of theoretically
acceptable strategies. Al) participants in Experiment * were able to accept
the bogus strategies as plausible, indicating that the set of possibie
strategies 1s not limited to the one being useu by an individual even 1f hic
strategy could best be descriled as a heuristic,

One way to interpret the comsistency that emerges when a heuristic is
used an  the observed incomsistency of both the between and within participant
data from Experiments |, 2 and J 15 to view this section of the process as
underdetermined. This suggests that given the same input on several occasion
the resulting aggregating strategy cannot Le expected to be the same. The
existence of & heuristic may allow the individual to effectively bypass the
“choice of strategy” section of this mode! therely reducing this source of
inconsistent responses.

As indirect support for this ‘wpothesis the data from Experiment b were
resnalyzed. A strategy for each string was iaferred from the data so that
the participant's comsistency could be roughly guaged. These inferred
strategies were reasonably stable for six of the 20 participants, while 14
had patterns that were inconsistent.

Experiments 1, 2, ang ; did not attespt to control for any of tiw
subjective varfables. It is therofore mot surprising that the results do no
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allow & strategy to Le wnambiguously specified. In fact, It seems appareat
that a cosplete specification of strategies will require & sultidimensional
approach that accounts both for the veriables surrounding the decision (1.e.
problem) snd the ecision maker. The work presented here suggests that sun's
subjective uncertainty aggregating skills are rather limited and that his
chotce of strategy most likely involves & conplicated interaction between In
objective circumstances surrounding a decision and his own internal
characteristics.

It appears trye that san should not be used as a standard in questions of
uncertainty agoregation. ulti-attribute ut!lity thecry hinges upon the
concept that man is very limited as an information integrator. This series
of experiments would suggest that the uncertainty to be associated with the
aggregated utility s probably best handles by a simple and de fendal le
meuristic. One aspect of man's approach that s worthy of atteantion is that
nis response 15 not stereotyped. This suggests that the choice of hewristic
for WAUT should be flexibly defined tn & way that would allow the user to
assign an uncertainty that s responsive to the needs of the situation.
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APPEIDIA A
COVER STORILS

Percentage Problems
The problems (n “nur next category will be simple per cent problers .

Construction Problems

In the next section the problesms will be simtlar to those & comstruction
estimator would be asked to solve,

Try and place yourself in the following situation:

fou are an estimator for a comstruction firm, The bid is due in 20
minutes and the boss wants some figures fast. Glancing over your notes
you come up with the following:

Supermartet Probioms

This t'me we want you t0 picture yourself in a supermartet.

As you solve this set, try to keep the following scene in mind:

Tou are waiting in the check-out line at your favorite supermarket. You
plan to pay cash Lut you've gone wild on some of the specials and you ma
not have enough to cover the pill. A quick check of the hasket reveals:
derght Problems

Americans are often concermed with their weight (overweiqght, underweight,

fdeal weights, etc.). In the next section you wi'l have a chance to
estimate some numan Dody weights.
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APPLIDIX 8
CNPERIMEITAL [4STRUCTION

My name 1s Clark Johnson. | a» doing my dissertation in decision making, ,
and this will be one of the last experiments that | am running for that '
dissertation. |f you have resd the preliminary biurd on the froat page of your
book let you have a pretty good ‘dea of what we are going to do, This really
1s 4 very straightforward experiment. [t essentially invelves making
quantitative judgments and then supplying some additional information about
these judgments.

The research is being funded by the lavy. Thelr primary interest in this
field is in fmproving thelr ability to make Jdistributed judgments. That '
somebody makes judgment “X* and sovebody clse makes judgment “Y" and somehow
21) of it comes together to make a Jecision. Ue ar: developing tecimiques
which we can test, to see whether or rt they work, This 1s going to be rme
of those techniques.

1f you are 4 student, ar 1 you have been 2 student, | am surc sou ' we
wad the experience of taking an sxamination where the answers were a single
number or some very specific thing. Sometimes you know more about hat you
are Joing than that one nusber can indicate. For instance, 't would be nice
’ to be able to get more credit for the right answer (because you kmow for
: certain that it is correct, that it is the right answer) than soueone who
‘ Just gets that answer basically didn't have any fdea in the world what they
were doing. | know that Las happened to me.

This whole task s quantitative 'n nature and there are vast 41 fference
in neoples’' feelings about doing quantitative tasks. 5o, | have a three-point
scale that | would like you to rate yourself on by writing a nusber between |
and 3 on the fromt page of your booklet. In particular, ¥ you arc an engineer
or 2 hard science major or an accountant, a mathematician or for whataver
reasons your datly fare is numbers and you enjoy 't, you would write 2 §. I
you are one of those people who s not particularly pleasad when the end of
the month rolls around and you are forced to balance your check-book, "hen yo
would use 2 1. And If you are somewhers bDetween the two cxtremes then you
would use a 2. So, would you write something down for vourself (pause’ .
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O.h., now a8 | say, this involves almost exclusively quantitalive tasis
that 15, manipulating numbers. One of the things that | am sure you wil)
Motice as we do them is that there are very easy probless and more difficult
wes. Je meant for 1L to be that way, and since | am not going to Give you as
such time a8 you wuld 1tke to have to solve these probless , | want to encoursge
you not to become Jiscourage] about not being able to answer the probless
exactly. Also, | want to caution you sbout Decoming lazy when the probless
are simple. Lots of pecple get to & sisple problem, figure “Oh boy, this is
really easy.” and then meke big mistakes. 50, plesse do use all of the time
that | give you to actually work on solving the problem. low, obviows !y, tm
point estimete, that single number, 15 not the only thing tiat we want. o,
t0 give you an idea of how that works e will work as a orow to solwe &
svimple judgwent task and | think that that wil) desonstrate this simple
srocedure to you. Has everyone lived in this state long enough 10 know the!
toere is & city called Spokane? [s there anybody who is not aware of that?
J.K , why don't you write on the front page of your booklet a number that
weci fies your best gQuess as to how many miles 1t is from here to Spokane.

e won't spend hours on this, because 1t 1s meant to be just Lind of o quich
1ttle exercise. Alright, now, what are some of the aumbers that we hawe?
(“300, 200, 250°). hy don't we say 3 5 as a growp, 0.5.7 | want to ewphast
thatl 1t 1s not crucial o "o what the correct answer 15, this Is Just a quest on
of making judgments and trying to 'ive with them, [f | ceme to you and saty
“1 have an almanac herc and 1t says that 500 miles is the distance to Spoka
if this s the true answer (500 mfles), what would you say about your estime
(325 miles)? Do you tiiok that this estimate 325 miles) s a good estimate
3f 500 ofles 1f 500 is the correct answer? o, probably mot. Alright, let
we come down here to the other extreme and say, “hat 1f | told you that it
was 130 miles to Spokane?” ould you feel tha. 20 as 1 guess was o Jo0d
erough guess of 130 as the correct answer? 0.%., let's try 1t someviere in
petwoen. Jow about 4007 [f 400 is the correct answer woulu 375 be a a0od
wess? or & Lad guess? Good? sad? low we are getting into kimu of a grey
srea. And | think 1t is clear to you that there are certainly mwbers for
wiich your guess 15 a2 bad guess and there are certainly otier nusbers for
aich your guess is pretty 000d, An somewhere 'n between there has to be
number thet is the diviging line betwoen those two.
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{ snouid also empnasirze that ther: are tremendous individual 911ferince:
so | don't expect that you ‘ndivicually would all agree as to what nusber tl -
should dbe. | expect, in fact, that there wil] be differences. lut let u s
o5 4 group that it was 390, laybe you feel that 1t should be 420. That
doesn’'t bother me. But somewher: up here there has to he a nusder that s
your boundary between these two regions. ‘le can Jo that on the other end .
well, 1f 100 is the right answer, 105 s probably not & 000d estimate. ‘hat
would you say was the nusber such that 1t was the bouniary betueen these two
regions? Your own nusber, what is 1t? “270." sny others? Is that a pretty
ao0d one? Alright, now vhat ‘oes this mean? lYell, whet this says essentia’’
15, that \f the true answer lles anywhere in this interval defined betweon
270 and 190, then it is your personai feeling that vour guess of 75 was in

the ballpark, It was close smough. If 1t is anywherc outside of that reolon
i then it would be your statement that vou had missed the probiem. Are there
any questions atout that? e call that a “ballpark estimate” because you are
pasically telling me what the ballpart is around your estimate. And as | sav .
these things can really vary. ‘Men | 494 1t, | thought 254 wvas the answer.
And | think 260 1s my upper 1imit and 7.5 is ny lower 1imit. ow, obviows iy
| have a much smaller interval than you d0. Perhaps that s a reflection o
the fact that | drive to Sokanc every break. And 1f | don't knov what the
Mstance to Spokane is within 4 oretty right space, then | would be disappotnod
in myself. That should indicate to you that when you know more asbout somethirg
then you have higher sxpectations. then you know something about ome of th ..
probless ., 1t should be reflected in the width of these intervals. ‘hen you
don't know snything, then you have to tell me that. Some of what | have said
is susmarized on the next page, 5o let's turn the Jage and | A1) read with
you.

The ballpart estimate describes your personal expectation:
concerning the accuracy of an estimate.

The ballpart estimate is an interval around your estimated
answer such that 1f the true answer lles outside of that
interval you would feel that you had missed the problem.

The ballperk estimate can have oro width and to demonstrate tha! cons:
this problem: “S0% of 402" (written on board). 1f | provided three blarks
Ithe this and | told you 0 put the estimate here, what nusber would you -
1itely choose? (201) probably, that would be my cuess too, and 1t vewl ' w o

 S—
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expectation that | wouldn't wiss that. In fact, | feel that that really owg
to be the correct answer. To indicete that | would put ™M) as sy Jower boun's .
on the problom and 201 as my upver boundary. Clearly, | a= saying, "I =
absolutely certain that this is the correct answer. [f it is anything
different than this, | have missed the probles.” ‘ow, | ewpect that there
will be probless for which this will be true for you. There are some very
easy problems. hen that is true, please do not put zeros in these blamks.

It 15 the Jifference between these two numbers which refers to rero width, o'
the values themselves.

The last statement on your page says that the interval need not be
wyemetric. hat tnat means can Le demonstrated by amother exawle. Ffor
instance, Jet us say that we went to the Ling Dome, and we knew that, for tha.
event, £5.000 wvas the saximum seating capacity. 17 I saty, "Let’'s estimate /¢
number of people here.” | would put @ the three blanks again and you might
say “G1,000 people.” Because of the extra information that it cannot be greatc.
than 65,000 you have an wWwper boundary. You know that 1t cammot be groater
than 65,000, So let's just say that you put that in the blank for wper
boundary. However, the lower houndary s unclear. It is very hard to estin
a crowd, s0 you wight say 5,000 for a lower limit, ‘low, in terms of the
number 1ine, 1f this 1s the estimated value (G3,000) then you are really mak' o
A statement that looks sometiing Ithe this: . X " In other words,
your estimate s certatrly not in the middle of this interval. That is fine,
because what | really want to know s what you know about your amswer. And |
am trytog to allow you as much flexibility to express that as | can within
this paradign. MAve there any questions? ‘ow, as | sald this is a part in o
series of experiments and following experimental rigor we have to comtrol
things 2 Jittle bit. That means that | have to ask vour cooperation in
working together through these probless. [t is not possible for me to just
turn you 100se to do them., There are two ways that | o that. One, is thess
1ittle cards that | w handing out. These are called problem guides, for |
of & better term. Men you start a series of probless you should place these
guides such that only one problem is exposed at & time. Your card owsht to
have something ike low, estimate, and high written on 1t in the places that
Yine wp with the three blanks for sach probles. Test this yourself anu 11
you don't Ve the way 't Jines @ turn your card over and make your own Gu.. .
/11 of the answers will be written on the white boollet paper, "ol on 'hess
cards.
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in addition to Let, | am going to contrel how long vou are able to wor
on a problem and in what order. In o mer words, | will time you for 0
seconds to solve the probles that we are working on. Gy solving | mean 0
your heau. You aren't going to use the calculator and you are not to use &
penci] and paper. Just look at it and do the best you can in 20 secomus.
Then | wiil say “"stop.” | need an answer in cvery bDlank so | will wait for
you & short tive if necessary vhile you get something down. Ooce | say stop
please proceed with al) haste to write something down. And then | will say
“Let's go on” and | will give you 0 seconds to put an interval around the
point estimate. ww, 1t should De obvious that | am very interested in
these interviis because | am giving you sore time to put them Jdown than |
am to estimate the amswer., And | ould appreciate 1t 1 you would really
think about this as your best statement about what you kmow. It is not
crucial to me that you don't know very much., [f you don't know mech, that i«
Just fine. If you know 4 Jot tha s fine, too. Uhat | need s some kind
of sersonal consistency; thet you 40 eapress what you kmow. 0. K., why don't
we turn the page and use the problew guide to Mghlight just the first probies,
| have a series of six problems that you can use as trial probless. e will
go through them in the standard procedure | have already described and at
the end of that time we 1)) have some more instructions. 5o let's bdegin anc
I wil) give you 20 seconds to work tis problem. | want the estimate and
that goes in the middle column, Stop. These are practice probless and you
are Tree tu ask questions while we are working them. Although at times it
seers tedious, | would appreciate 1t if you would follow ay directions
exactiy. In other words, please do not nroceed to write an interval around
the nusber until | tell you to Jo so. | want you to spend 20 seconds makin
an estimate and | am going to try to force you to do that. 0.k 7 New, |
will give you 30 seconds to put an interval aroun) tis. Stop. | resalize
that this particular probles 15 & very casy one anl that 1t may not take I
seconds. In addition, | shouid point out that there are times when after 0
seconds you have Put something down amd in the remaining 0 seconds you
realize that your answer 15 totally fallacious, that there s no way 't cov
concetvably be correct. Jell, sometimes what peoplc have done 15 that they
have their answer on the number lime right sere an. in the process of the
seconds they realize it is wrong 50 they put thelr interve! wp here. Pleas.
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do change this answer 1f you reslize that you are tolally wrong. However, |
we have passed & problem, 1f we are completely done with one and you realize
that all three of your answers were \n error, then lsave it alone because |
would rather that rou concentrated cospletely on the problem that we are on.
Let's rove on and d0 the next problem now. | will give you 20 secomds to mek:
an estimate. Stop. Put something down. "o sore thinking, just write
somathing. It gets better as we go along. It really becoses easier. All
right, now | will give you 30 seconds to put an interval around that. Ste.
wxt problem.

Repeat procedure for three problems .

That s hal? the practice problems, are there any questions

about this?

Reveat for three more problems.

A1l right, that is basically what we are goiny to be Joing. That is alse
» pretty good sampling of the difficulty range. For amy of you vho find this
a @ifficult task, | have two hints. The first is ome of the most important v
things you can Jo, figure out how many d1gits there are going to be in vour
answer before you get to the decimal point. Sometimes it is worth spending
15 seconds just figuring that out. Once you kmow that, then start working
the digits and you'l) find you wil) be more comfortable with what you are doing.

Jow let's turn to the next page. hat follows now s an attespt to
explain to you what to expect in the experiment. The kind of procedure that
we will follow. These prodlems always come in growps and theve is always 2
txt preceding the grown. This fs an cxasple of such a text. 'Men you get t
the text you are free to read 1t. Then repeat so that at some point in the
expariment you won't need to reas it amymore, but please put yourself in thic
scene. When | tel) you to turn the page, which is now, (this fs the demomsir -
tion) you will find two problems. ‘le solve these as we did the practice
problems, in a sequence. | will then ask you to ad! the numbers that you hav
made 25 estimates on these calculators.

For those of you who did mot bring your oo calculators, | will explate
how to use the ones we will provide for you. You type in the number. | tii
the first problen's answer is 12,07 and you type in 2 plus and then the
sacond number and then you press the equals sign to oet your answer. The o
calculators are very inexpensive an' tend not to work the wav you ~wmec’ 1
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W, That is why | nanded “ut 2 few extras. |f you have one that has at the
wp & penciled-in number, Itke 4 4 or & 2, then in the past the mumbers st
have not appeared in the display after being ounched. 50 you ire reasonably
certain that the calculator will work correctly 1f you just make sure that
the nusber you punch does in fact appedr in the display. 0.k, those of you
who have your oun calculators have a great advantage.

Then clearily you will be adding only the estisates and that nusber goes
down here on this line, When you Jo that you are free to turn the page.
(Ne')) do that now) and on the following page there will always be the two
remaining blanks for the sum that you have used the calculators to find. oo
it may not be temediately obvious, but | am sure 1t will seem obvious as | «ay
it, that although you use the calculators to add these two mumbers @ and
you know that your sum is correct for the two numbers that were in the blamk:,
it is not necessarily true that tiose numbers were correct. That s to say,
you have two bDlacks which you add wp, but the bDlamks were each 4 Quess, 50 the
true value that would appear here 1s not necessarily the sum of these two
values. at | want to know 15 what is the interval that surrounds this valu
that makes 1t correct in your opinfon. In otier words, it is the same
operation in terms of finding the intervals, but now you are goimg to
talk about your answer as against the true sum of toe two Orobless. [s that
clear? The interval wil)l always go on the page following the page with the
problems, then there will be another little text and it starts anain.  This
process s repeated severa! times. S0 now you shoull all have somothing
talking about weight. That s the first of the sequences of nrobless. Thi.
completes the instructions, and If you nave an, questions at all, | would Vike
you to ask them now.
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MPEIX C

PARAGRAPHS SUGBESTING: () LARGEST IWTERWAL, (7) ADDITIVE, AWD
(3) AVERAGI % STRATECIES

(1) The spproach | used in solving the problems was to use the Diggest
interval from among the component problems as my fimal interval. | was wery
carefyl in assigning my bDoundaries to nwith so | didn't see any reason
to readjust them afterwards. Since the laroest interval represents sy
weakest estimate | feel 1t should be used as the indicator of wy overall
expected accurecy.

(2) It seems obvious to me that if add the estimates you mst o
add together the intervals surround! estimates. Since esch problem
has some uncertataty associated with 1t you have no cholce but to carry an
of 1t whether large or small into the final interval estimation. Clearly,
since | couldn't use penci) and paper | wasn't able to follow this exactly
but | Uhink 1t accurately summarizes my basic approach to the problem.

(1) . . . Consequentiy, | see the process of estimating as in some way
self correcting. Sometimes you're high, sometimes low, so that when you
2dd things wp you')l never be as bad as your largest interval nor as good as
the smallest. | guess this boils down to saying ti 't the final interval
should be 11ke an average of the intervals in the individual probless.
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