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Introduction

This Final Report si~stnarizes the work by the Social Science Research
Institute , University of Southern California on subcontract P.O. 76-030—
0715 fran Decisions and Designs , Inc., print contract N000 14—76—C—0074
fran the Advanced Research Projects Agency, nonitored by the &%gineer ing
Psychology Programs , Office of Naval Research. The research conducted j
during this contract period fran Cotober 1, 1976 to Septaiter 30, 1977
under the direction of Professor Ward Edwards , the Principal Investigator,
was part of an ongoing program of Research on the Technology of Inference
and Decision. Edwards (1973, 1975) and Edwards and Seaver (1976) sunnarized
previous research .

The proposal leading to this subcontract called for research on
f i v e  specific topics : maasur~ i~nt and validation of nultiattribute
utilities, sensitivity to approximation of multiattribute nrxlels and
asses~~~nt procedures , group processes for probability asses~~Ent ,
assessing very ~nall probabilities , and biases in subjective probability
distributions on non-percentage variables. Our research on these and
other topics is reported in ten technical reports which have been
produced or are nc~ being prepared. Si.nm~ries of these technical
reports appear at the end of this report.

The purpose of this report is to explain hc~ this research integrates
into an overall program of research on decision technology. Thus, we do

not report in detail findings that are set forth in the self-contained
technical reports . Only major f indings are reviewed along with ongoing
research and future research possibilities suggested by our current work.
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II. A Technical Overview

Research at SSRI has sought to deteimine the strengths which
decision makers bring to the decision situation as well as to stndy
decision aids and techniques that isiçrove reliability and validity of

• j uiguents. Both theoretical and practical topics have been examined;
— the line between today ’s theoretical research and tceorrow’ s tool or

technique having been deliberately blurred . In the practical vein, we
have stedied sii~plificaUon techniques for construction of utility
nodels, aids to the decision maker in the asses~rent of ~~~ll prob-
abilities , effects of various response nrdes for the elicitation of
probabilities , and cczrvarision of group behavioral techniques versus
mathanatical aggregation nodels for group probability asses~ tent. t!bre
theoretical work has sought to determine the individual ’ s ability to
deduce distributions underlying the generation of stimuli. Recently we
have becxji~ interested in both qualitive and quantitative aspects of
expertise as it affects the j txlgnent of uncertainty.

II A. Elicitation and Quantification of Uncertainty
II A. 1 Group asses~~ent of uncertainty: Hunan interaction versus
rnathanatical nodels.

Of ten a decision maker is not a single individual but rather
several , each of wtuu should be able to influence the final decision.
In decision analysis a single j txlgnent of uncertainty as well as a
single j~x1~~~nt of value or utility is necessary as input to each branch
of the decision making structure. This apparent incanpatibility has led
to ni~ h research into techniques whose aim is to derive fran the group a
single value for each maasure of uncertainty. Such research has explored
t~~ major strategies, mathanatical techniques for the aggregation of I I
individual jod~~~nts into a single group estimate , and behavioral techniques
which seek group consensus 

2
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Either approach has both mathanatical and social psychological
difficulties. Dalkey (1972) has slus’n that no formal rule for the
aggregation of individual probabilities can satisfy a set of reasonable

• cx nditions (such as non-&ininance by a single group n~~nber) . A cxztparable
proof exists for utility j u~~t~nts (ArrcM, 1951) . Behavioral tech-
niques likewise have limitations. Individual group n~ nbers may concern
that~elves nore with reaching consensus than with the quality of the
agreed—on juig~~nt. Various factors such as individual &ininance through
personality characteristics or rank within the organization may influence
j~x1~ nents despite their irrelevance to the task .

In an effort to cx~npare various behavioral and mathanatical techniques
of group probability asses~~ent, Seaver (1977 , in press ) experinentally
c ared two aggregation rules, weighted arithnetic inaans and weighted

• gecnetric neans, and three weighting procedures , equal weights, weights
based on self-rating and DeGroot weights (DeGroot , 1974). Five behavioral
interaction techniques were xz~~ared, the Delphi nuthod (Dalkey and
Helnur , 1963) the Naninal Group Technique, developed by Delbecq and Van
de yen (1971) , a nodified naninal group technique in which group ma~bers
state their estimates and reasons with no discussion , a consensus technique
in which groups were to arrive at consensus in any way they wished, and
a no interaction or control group in which group manbers made estimates
with no kncMledge of other group nenbers ’ estimates.

The quadratic scoring rule was used as the criterion for neasuring
the quality of group asses~~ents. ‘the well-knc~n insensitivity of that
rule may account for the lack of signif icant differences anong behavioral
techniques. In general , interaction anong group n~~nbers reduced differences,
reduced the calibration of the j txignunts , and increased the extra~~ness
of j odgnents. Therefore, deciding whether or not to use group interaction
techniques involves a tradeoff between calibration and extre~~ness of
responses . Although no signi f icant differences were found , slight
dif ferences as well as the results of otter sttxiies point to slight
superiority of the naninal group technique to other group interaction
nethods.

- - -~~~
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The data show that little if anything is lost by using math~~atical

techniques to aggregate individual judgments rather than behavioral
interaction. Considering the practical disadvantages of face-to-face

meetings of groups , no point exists in bothering with the sanatiznas
lengthy procedures of behavioral interaction . Wnile results of this

• - experis~ nt dealt totally with point estimates , further studies will

atta~pt to elicit contirn~ us distributions . Results of these studies

• will be.~xzte available over the next several nonths. •

II A .2. Response scale effects on likelihood ratio judgment.
Several studies , (Goodman , 1973; Phillips and Edwards, 1966) have

s1~~ n consistent ef fects for different methods of elicitation of subjective
judgment. Stilwell, Seaver and Edwards (1977) defined the effects due
to the scale on which the subjects responded but at the tine it was felt
that results could at least partly be due to the extr~~~ diagnosticity

• of the data to which the subjects responded . A d’ of 3.0 was used to
generate data and the range of veridical likelihood ratios to which the
subjects responded was such that likelihood ratios as high as 12 , 000:1
were encountered. Although significantl y better (closer to veridical )

responses were found when the subjects were resp onding to logarithmical ly

spaced scales , it was felt that a rro re noderate d’ and range of likelihood
- 

• 
~• 

ratios might reduce the magnitude of differences or change the relations hip
altogether . A second experimant was therefore undertaken in which d’

and the range of true likelihood ratios were var ied .
The results res~~ibled those of the first experiment. Logarithmically

spaced scales were superior to linear ly spaced scales. The range of

true likelihood ratios , was , however, sl~~.’n to have a strong and significant

(I effect on performance . Subjects were much better able to approximate

veridical judg~~nts when less extr~ ie true likelihood ratio s were chosen .

There was also a significant interaction between endpoint and spacing
(logarithmic versus linear ) accounting for a relativel y large proportion —

of the variance .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Scale endpoints were shown to influence j udgments consistently.
Either of t~~ factors may be contributing to this finding . It is
possible that the upper endpoint offers an upper bound to responses
thereby limiting the range of values expressed . A seccrd possibility
is that the endpoints controlled subjects ’ judgments about the range
in which they could expect the true value to fall. r~t r e  extr~ te erxlpoints
may thus produce nore extr~~~ responses. For a nore detailed description
of the results of this study, see sut~niry No. 2.

II A. 3. Averaginq as a means of probabilistic inference.
Edwards and Seaver (1976) discussed an experinent by Eils , Seaver

and Edwards (1977) in which averaqed log likelihood ratios were elicited
fran subjects and used as inputs to a probabilistic information processing
(PIP ) systan. That is , such log likelihood ratios judgmentally averaged
over all data and then processed by means of Bayes ’ theoren produced nore
extr~~~ f inal odds than posterior odds estimated directly . In light of
the general finding of conservati~ n in probability revision tasks , this

~~*ild suggest that PIP outputs are riore likely to reflect subjective
certa inty than are posterior odds j udaments. Experinunt I also showed
that persons using the averaged log likelihood ratio j udg~~~nts were nore
orderly in these judgments as evidenced by higher correlation between true
final odds and final odds calculated via Bayes’ theorem.

A second experiment was undertaken in order to determine whether
the judg~enta lly averaged log likelihood ratio technique contributed signi-
ficant ii~prov~tent over the likelihood ratio judgment originally proposed
for the PIP system developed by Edwards et al (1968) . Also a variable
in Experinent II was the diaq nosticity of the data used to elicit subjects
responses. It was found that data diagnosticity affected quality of response
for both response nodes . Estimates became nore ver idica l as the data became
nore diagnostic . The primary finding of the study was that quality of esti —
mates did not differ significantly in either veridicality or orderliness
between likelihood ratio estimates as originally proposed for the PIP

technique and for the averaged log likelihood estimates. Both methods were
found to produce better estimate s than cumulative certainty judgrent, as
is usual in such catparisons.

5
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The rea son for consider ing an alternative to likelihood j~~~ents
is that a problem may arise in applying PIP systems in real world contexts .
‘1~~ people assessing the likelihood ratios will typically have access to
feedback about the poster ior odds that are calculated fran their likelihood

ratios . C~odman L973) , in a reanalysis of data fran five studies explor ing
methods of eliciting j i~rIgnents about unce rta in events , concludes that feed-

back about the in~ lications of judc~ents makes them less extr~~~ and is

probably the n~st pc~~rful variable contr olling the extr~~~ness of the
j udcji~ nts . Thus , even a PIP systan may be susceptible to conservatism in

rea l world applications. This prob lem seems less likely to character ize
jud~~~nts of average certainty due to the very nature of the elicited

j  ixiciments . Should further research con firm feedback produced conservati sm

in PIP systems , averag e certainty juiciire nts may prove to be a useful
alternative to PIP .

These findings also coTpel a rethink ing of the misaggregation
explanation of conservatism in probabil ity revision - r~4ean log likelihood
ratio is a j ud~~~ntally aggregated response—-but it is not conservative
(nor yet r~ 1ica1) . lppar ent ly , aggregati on that has the character of a
sum or product (i.e. the target ntr~ er is outside the range of input
quantitities) is conservative. Aggregation that has the character of an
average (the target number lies near the middle of the range of input quantities)
is unbiased .

II. A.4 The asses~~~nt of small probabilities.
In the study of small probability, high (either positive or negative)

expected value decision making situations , decision analysis can make sig-
nificant contributions. Nuclear engineering has brought this situation to
ç*iblic attention as system failures occur with probabilities typically smaller
than 10—6 but with values which may exceed 50,000 lives lost. But identical
kinds of prthl~~~ arise frequently in military and political contexts. An
obvious exauple is whether or not a particular limited—war strategy may lead
to a widening of the war . Both exper ii~~ntal and applied work have shown, how-
ever , that problems arise in the subjective assessment of the likelihood of
highly unlikely events .

Unpublished work by Slovic, Lichtenstein , Fischoff , Coci±s, and
Layman suggests a r~~~dy for the small probability assessient probl~~s.

6
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Instead of direct asses~~~nt of the probability of interest , Slavic ,
et al. asked subjects to judge which of two events was the nost likely.
They found , with a few notable exceptions, that over eighty percent of
subjects could correctly judge the larger of the probabilities of a pair
of events when the ratio of the probabilities was greater than 2:1.

These findings suggest that either a series of oxparisions
of event pairs or a siniiltaneous ccmpariscm of the event with unknown
probability with a list of events with krx ,wn probability may result in
significant inprov~~ent in probabilistic judgents . Several studies were
undertaken to evaluate the potential of this approach. In the first set
of these experiments subjects were asked to place the event of interest
into a list of events at a point appropriated to its relative likelihood
of occurrence. Incentive was given to subjects in the form of $3.00 for
each response placed in the correct space anong thirty spaces bets~~ n events .
Results of this experii~ent s1~~ that subjects are rot sufficiently able to
perform the task to warrant the techniques used as an elicitation tool for
probabilities. The mean corre1atia~t over 120 subjects between response
probability (using the midpoint of the response space) and the true

• probability (using the midpoint of the space in which the event should be
placed) was .131.

Because the above results might be due to the cognitive difficulty
of simultaneously ca~paring an event with thirty—one other events, a
second experixtent asked subjects to corrpare the event of interest with
either one or two other events. A branching strirtuze was used whereby
the subject , after making a series of judgments, would arrive at an
estimate of the probability of the response event. This probability was
evaluated in the sane manner as in the previous experimant using the
midpoint of tie space arrived at by the brar~ hing process . Results of
this experinent are a3nparable with those of the first exper iment .
Correlations are , on the average, slightly positive bit for no subject
were they significant or large enough to justify the technique.

The findings of these t~~ experinents raise a significant question .
How does one explain the apparent divergence of these results fran those
of Slavic et al? The nature of the events used in the current series
of experiments differed fran those used by Slavic for three-fourths of
tie subjects ; but analysis of the one-fourth using occupation events,

7-
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selected fran those used by the Slovic group , sIx~ s the same inability to

make accurate judgments. Closer examination of the task explains the

discrepancy. S4iile subjects in the Slavic et al. experiment produced

relatively good directional judgments when the odds ratio between events

was greater than 2:1 , event pairs with odds ratios less than 2:1 produced
very poor judgments. Frequently, subjects syst~ natica1ly choose the less

• probable event as nore likely. In the current experiments , subjects

were required to meke successively nore sensitive judgments so that even

if their initial pairwise judgments were correct , later judgments of the
branching or list p1ac~ tent tasks involved choices too sensitive for
their abilities .

have two ideas about the usefulness of techniques developed out

of the work of Slavic et al. Fir st , for the skill of the probabilistic
judge to be effective in realizing improved estimates it se~ ns likely

• that aggregation over individuals must occur in sate form . Slavic found

that directional choices in the pairwise task were likely to be correct

for a large proportion of subjects , but not all persons were correct and

nost odds ratio judgments were too conservative. A sort of majorit y

rule principle in paired crisparisions of probabilities may well yield

i.nproved probabilistic judg ments -

• A second issue concerns the nature of experti se. A serious question

for the use of decision analysis is and has been : Can experts make the
• needed probabilistic judg ments? Experi mentation on probabili stic bias

suggests that these judgments are of decidedly low quality although

H there is evidence that experts perform these tasks satewhat better than
• college sop~uiores , such as we have been using. A pilot study has been

• performed which points to sate interesting possibilities in this are a .

• ~~ defined experti se as experience or familiarit y with the subject
matter whose relative likelihood was to be judged. In the case of the

initial experiment this was baseball statistics for the Los 1~ngeles

Dodgers players. Subjects were asked ten questions of the type , “Is it

nore likely that a randcmily selected Dodger player (rot a pitcher) has

25 or nore ~~me runs this season or is it nore likely that a randanl y

selected Dodger player (not a pitcher) has 88 or nore bases on balls

this season?” At the sane tine subjects were asked ten questions about

8



tie relative likelihood that a person selected at randcin would turn out
to be, for exaup le , a lawyer or secretary. ¶flxsse questions about ~~~loy-
sent were taken directly fran the Slovic et al. study so that a cx~tparison
between subjects could be made.

• The pattern of responses for the Slavic et al. questions in this
study was roughly the wune as it was in the original study. Percentages
of correct direct ional responses were slightly higher for six questions
and lower for the other four than for Slovic et al. CXtr subjec ts were
therefore catparable to those in the original study.

As a measure of expertise subjects answered a series of questions
about th~teelves concerning the nunter of games they had attended , how
many times they read tie box scores, etc., as well as the nuither of
rostered Dodger player s they could name . They also rated thanselves as
Dodger fans on a 7-point scale . Regression analysis was then done with

• these measures of baseball expertise as predictors of qualit y of per-

formance on both the Dodqer questions and the Slovic et al. questions.
The multiple regression results are very similar for Dodger

and Slovic et al. questions. The multi ple regression coefficients were
• .55 and .4 8 respectively . That is, Dodger fans do better on questions

about ~~~1oynent , as well as about the Dodgers, than non-Dodger fans. The

similarity between these two coefficients suggests the possibility that
a ccmron factor underlies the ability to answer both types of questions.

Perhaps expertise in a given subject area is not the important factor in

perfonnance of a probabilistic task . Maybe the abilit y to deal with prob-

abilistic thought , and thereby put whatever substantive knowledge is available

to use , is what produces cpod probabilistic asses~ients .
This thou gh is not origina l with us. Winkler (1967) discusses two

forne of expert ise , one in which substantive information is brought to
• the task and a secor~1 in which the subject understands the probabilistic
• task and the ca~ ept of uncertainty. Further study of the re ression

analysis results shows similar patterns for tie beta weights on Dodger and
• Slavic et al. questions . Therefore, tie pattern of information used in the

two different types of questi ons is ranarkably similar . This findin g is

congruent with tie two fore of expertise hypot hesis.

9.
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TI~e results of this line of experimentation have raised many
sore questions than they have answered. Study into the nature of
expertise will obviously be a fruitful line of endeavor and should
precede further work on marker event techniques. It could well be
that training of experts in probabilistic thinking would lead to
significant isprovenent in the quantification of uncertainty .

II A. 5. EstilMting subjective probability distributions.

Probably the nost cited upublished work in decision theory ,
that of Alpert and Raiffa (1969) , found that different methods for
assessing proability distributions resulted in different levels of
bias in responses , in their case “too tight distributions” . Seaver ,
von Winter feldt and alwards (1975) went on to show that the anount
of bias as measured by “surprises” , a true value falling outside a
specific central interval of the assessed distribution, was affected
in systenetic ways by the method used to assess the probability
distribution . These results are consistent with many others in decision
theoretic research in which assessment techniques have contributed
to the quality of pr obabilistic judgment.

Ciie probl eni with studies of probability assessment is that
the available dependent measures are not ccxpletely satisfying ones .
Proper scoring rules do not provide a sensitive measure of ~~~i closely
an elicited probability distribution reflects the assessor ’s beliefs
about the chances of occurrence of the events over which tie distribution
is assessed . Typical measures of calibration involve the proportion of
events which , historically and across distributions, lie on fixed inter-
vales of the assessed distr ibution . The proportion of events obtained
that were assessed as lying within the inte rquar tile interval ( .25
p .75) is an exauple. Such measures require assessments

10
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• over huge nunters of distributions to be reliable. Furthernore, many
interesting questions regarding the usefulness of elicitation techniques
simply cannot be answered without a measure which takes into account a
larger nunter of the important features which distinguish one probability
distribution function fran another.

John & F~1wards (1977) investigated the possibility of presenting Ss
with a sample distribution of a randc*n variable and eliciting the
population distribution (density) fran which the sample was presumably
drawn. Stinuli were pickup sticks (length = 6.5 inches) , painted blue
and yellow. The length of yellow on each stick constituted the rand~ n
variable. Subjects were sI~~~n three sample distribut ions (uniform ,
nodal , and binodal) of twenty—six sticks each .

Each subject used one of three probability elicitation procedures
to convey his ( her ) knowledge of the population distribution fran which
the sample was presumably drawn. In the fractile procedure , Ss were
asked “ to give a length of yellow such that a stick chosen randanly fran
the population just sampled will have a length of yellow less than or
equal to the length you give with prob ability = (.99 , .75 ,.50 , . 2 5 , . O l) ” .
In the probability procedure , Ss were asked “to judge what the probability

• is that a stick chosen randcrnly fran the population just sampled has a
length of yellow less than or equal to (.65” , l.95” , 3.25 ” , 4.55” , 5 .85”)” .

• A third procedure (graph) required Ss to draw a curv e , of which “the
height at each point represents the relative probability that a stick
drawn at randcin fran the population will have that length of yellow” .
The fractile and probability methods were used by Seaver , von Winter feldt ,

• and Edwards (1975) and essentially involve obtaining estimates of five
points (ordered pairs) along the cunulative distr ibution . The graph
technique obtains a sketch of the S’ s density function .

For each of the curves produced us nq the Graph technique, fourteen
1oints evenly spaced along the curve were used as input into a nunerical
integration algori thu to produce a piecewise representation of the
assessed cumilative distribution, such as those already obtained in the
probability and f racti le techniques. The dependent measure was taken to
be the maxinun deviation (vertica lly) between the piecewise representation
of each elicited distribution and the corresponding sample distr ibut ion
which was shown .

11.
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The goodness of fit  between the elicited and sample distributions
was found to be a nonadditive function of asses~icnt technique and
sample distribution shape . Although the fractile procedure perfon~~d
substantially ~~rse for all three sample distributions, the relative
performance of the probability and graph methods varies as a function of
sample distribution . The finding that biases in probability asses~~~nt
result fran an interaction between the method of asses~~~nt and the
shape of the distribution is an important one; the develoj~~ nt of an
experimEntal paradigm to adequately evaluate probability asses~~ents is
a topic ~~rthy of further attention.

Fran an applied point of view, this experimant once more suggests
that the custcin of using fractile techniques for assessing continucua
distributions rather than any of the equally simple or simpler alternatives
is probabl y unwise and in need of change . t.breover, it offers evidence
for the simplest of all possible alt ernctives: I f you want sat~one to
assess a contiru.ous probability distribution , just ask him to draw it.

II. B. Mu ltiattribute utility analysis: Validation and Application
Four distinct approaches to the validation of nultiattribute utilities

can be identified .
1. Like preferences , utilities are inherently correct and do not

need to be validated .

~~~~, as psychologists knowing that all self-reports can error ,
consider this idea untenable and not ~~rthy of serious discussion . Fur
that reason , the fact that (as we see it) this view dcininates the decision
theoretical literature is continually baffl ing to us.

2. Utilities express strengths of preference; and therefore one
validates then by discovering whether or not they correctly predict
preference.

If preferences are the ultimate criterion , why bother with utilities ?
Preferences can be observed directly , and the whole structure of deterministic
utility theory is then irrelevant . -

3. Utilities are hypothetical constructs , approachable in a
nu±er of different ways. ~~n’rergent validity is all that can or should
be sought . That is , various ways of eliciting values should lead to
intelligibly related though not necessarily identical results.

This is an intellectually respectable vie~i, on which we have been
doing a lot of ~~rk , sunmarized below.

12
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4. (be cannot validate utilities tI~~nselves; one can only validate
methods of measuring then. This is done by finding or creating stim~uli
for which values are known, eliciting utilities by various methods, and
conclxling that the method that most closely approximates the “true”
utility is thereby validated. (Note that approaches 3 and 4, though
different, do not conflict.)

We r~ nain intellectually moch stinnilated by this fourth approach,

and are beginning to find ways of impl~~Enting it. We hope it will be a
major thate next year. We think we may see a way of cxz~bining it with
the third via an application of the Brunswickian lens model approach.
We have identified t~~ situations (diamonds and credit risks) in which
externally specified and quite explicit multiattribute utility structures
already exist.

Convergent validation (to return to approach 3) assui~ s that a
necessary and sufficient condition for a given model or assessent
procedure to be valid is that overall utilities which follow fran the
asses~~~nt agree (high Pearson product-na~~nt correlation) with utilities
elicited in sar~ other manner. Approaches within this fran~~~rk , whether

“behavioral” or “analytical” in nature, are essentially cxmplex sensitivity
analyses in the sense that they stuly the sensitivity of the output
utilities , to such inputs as model structure, elicitation techniques,

and respondent identity. Such studies , designed primarily to determine
the amount of caitron variance shared by different modeling or elicitation
procedures, are of trarendous practical significance . In particular ,

the tradeoff between model precision and ease of elicitation most be
addressed in ~1i~ost any application of ~~LJA .

II. B.l. r’~ del simplifications: A review
Leung (see Sunnary No. 5) provided a review of theoretical and

~~~irical research fin~ings regarding the sensitivity of W~ILJA to model
specification . The question addressed was whether additional cczrçlexities
(such as ron-additivity, uncertainty , and differential weighting) are
useful. Although a few of the studies considered produced analytic

solutions to the questions asked, most were either ~~~te Carlo simulations
or behavioral stud ies. The criterion for intex~~del agrearent, in
almost every study, was the correlation between utilities output by the
specified models. Leung came to the following conclusions:

13



1

1. Additive models should be used as an approximat ion to more
capl icated structures , at least for the t~~ attribute case (unless
there are reasons to believe that a non-additive model is an exact
representation of a decision maker ’ s attitudes) .

2. Weights do not matter for deterministic additi ve models when,

on the average, the attributes are highly correlated with each other .
3. No cone lus ions may be drawn regarding how well deterministic

models approximated more complicated probabilistic ones.
Of most interest in Leung’ s analysis was a call for a “measure

of robustness other than the coefficient of correlation ” . Although
he was re ferring to studies involving probabilistic models only, the
need for dependent nvaSUres of fi t  is great ( see Anderson and Shanteau
(1977) for a discussion of this problem) .

II • B. 2. r’bnte Carlo sinulation: Weighting.
In a study concerning the issue of differential vs. unit weighting

for additive deterministic utility functions, Newrrun ( see Sunnary No. 6)

exploited the similarity between the formal mathena tical structure of

the multiple regression model and the additive utility model (under

certa inty) . Using simulation techniques similar to those described in

Newman (1976) , Ne~man (1977) considers t~~ methods of estimating beta

weights for regression models and ccxnpares th~~ ( in teti~~ of variance

accounted for on cross validation ) to the unit weighting technique. Both

procedures for estimating beta weights, ordinary least squares , (OLS) and

ridge reqress~on (RIIX E) (Iber l and Kennard , 1970 , a ,b) proved superior

to unit weighting (UNIT ) in all cases save one. In this one case , all

the true coefficients were positive , not too far apart, and the sample

size was relatively ~i~ull (N = 50) . In the overwhelming majo ri~’ of cases ,

unit weight ing was simply not app ropriate .
Newman also fcuz~1 that tho ri .dc~ estimates outp erfonTed the OIS

estin~ tes a great deal of the time , replicating several studies which

demonstra te the superio rity of the biased RIIX E procedure to the more

popular OhS approach (E~�i~ ter , Schatzoff , and Wemoth, 1975; Hoer l , Kennard ,

and Baldwin, 1975; Lawless and Wang 1976) . Newn~in asserts that the arqunant

in favor of unit weighting is caip letely shattered when the differential

weiqths are estima ted via RIDGE. By replacing the independent and criterion

— —- - 
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variables in the regressi on model with the attr lhites and o~reral1 utility
construct of a nultiattribute utility model, one may ask the following
question: ~~at subjective estimation procedure do people use in determining
their weights for attributes in a ~WJA? ‘l1~ answer to this question is
critical. Unit weighting of attributes in a decision analysis is rot
appropriate if the decision maker can estimate the attribute weights in
a RIDGE or even OhS manner. W~~ ver, if subjective estimates of weights
are considerably suboptimal , unit weighting is a boon for the application
of M~UA. A study to answer this question, involving a multiple cue prob-
ability learning task , is u~ being planned .

II. B. 3. t~bnte Carlo simulation: Nuth er of attr ibutes.
Leung (see Stvma ry No. 7) described a study to explore the

possibility of reducing the nuither of attributes specified in additive
t ’WJ models under certainty . For each example, he randczn ly generated a
utility array (alternative by attribute ) and a set of weights for the
attributes . Leung systematically varied the ntmter of att ributes in the

full model , the average interocrrelation among the attributes , the nun~ber
of attributes in the reduced model , and the method for deciding which
attributes to eliminate . Leung investigated the following ad hoc procedures
for reduc ing the nuither of attributes :

1. I~ tain the highest weight attr ibute , drop the attribute
that correlates highest with it; repeat until the desired n~.mt3er of
attributes are dropped .

2. Ignore intercorrelati ons, simply drop the desired ntirber of
attr ibutes with the lc~~~st weights.

3. Discard the l~~~st weight attribute : retain the attribute that

correlates highest with it; repeat until the desired nuther of attrilutes are

dropped .
4. Pick the most highly correlated pair of attribu tes; discard the

1~~~r weight attribute of the t~~; repeat until the desired n~mt er of

attributes are dropped .
Using as the dependent measure the distribution of correlations

(N - 1000) between the full and reduced model , Leung found that methods 2

and 3 (described above) ca~pletely dcsninated methods 1 and 4. He concluded

that rretlul 2 , considering its ease of application , wes the superior pro-

~~~ure. That is, unimportant attributes (attributes which receive ~~al1

weights) may be eliminated fran cx~~sideration with little loss . Leung applies

- -  - 
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this technique to t~~ real ~~rld examples with good results.
The application of the results of this study are subject to the

sane behavioral questions posed by the Newmon study discussed previously .
In order to perform Leung’s method 2 , subjects must be able to accurately
rank order attributes in terms of importance. The f indinqs of the proposed
nultiple cue probability learning study described in II .  B.2 ~~uld be
of obvious importance here.

II. B. 4. Behavioral Validation: A construct rather than convergent approach.
In his doctora l dissertation Eils (1977) investigated the use of an

external criterion against which to validate additive utility assessments
under certa inty . Eils elicited utility assessments from twenty—four groups ,

each of which consisted of four qraduate or upper division undergraduate
students who knew each other prior to the exper imental session . Group
utilities were elicited (via consensus ) for ten hypothetical applicants
for bank credit cards . The research desiqr t cciipletely crossed t~~ factors
in assessing group utilities: 1) using a deo itpcsL tiai procedure (WdJA)

or not and 2) using a forma l group cc~nnunication strategy (Q S)~ or not.
The quality of each qroup ’s utility jud~~ents was defined to be the Pearson
product-movement correlation between the grou p ’ s judged utilities and
utilities output from a configura l (nonlinear ) model used by Secur ity Pacific

Bank in evaluating applicants for Master Charge . A content anal ysis

of the group ’ s verbal interaction was made to determine the effects of task

F structure on the characteristics of the qroup proces s. Group satisfaction
measures were also obtained.

Eils found that the decision technology of MAUA qreatly aided groups

in reaching decisions that were more consistent (had hiqher correlations)

with decisions based on a systemetic collection and interpretation of a

larc~ amount of relevant data (i .e .  the bank model) . When unit weights

were used in place of the elicited differential weights, the MP&J A groups

evidenced even higher correlation s with the bank model. The application

of a ccimunicati on strategy did not siqnificantly alter the quality of

group evaluations .
Both task interventions (W~UA and GCS) siqnificantly influenced the

group ccminicat ion process . In addition , qroups er~1oyinq the W~UA did

L~~. —~ 16 ~~~~~~~~~~~~~~~~~~~~
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not find tie task any more complex or difficult , or any less s.itisfyincj
than groups not ~~ployinq the techn ique. Groups employing (~.‘S Cu d not
find their task any less satis fyinc: or cc*tplex. Perhaps f~ ~ - the first
t ine , deccx~posed ~udc~ nents have beon shc~ n to exhibi t a greater degree
of fit to an external criterion than wholistic j udgments. The formalized
bank model used to measure j  udgmenta I valid i ty reflects the eceplex
nature of the relationship between applicant characteristics and subsequent
loan performance. These caiplex relationships should be similar to the
ones inherent in the infonnat ion that the groups br ing to the assessment
task in the form of past experience . Thus , the degree to which group
decisions correspond to the bank’ s systematic and ccmplex e~-aiuat ion pro-
vides a measure of h~~ well the el icitation technique t aps the information
actually contained in group neithers’ past ex~~rienct’ . Ells argues that tie
MNJA procedure he employed proved more \‘~il id in that a more complete re-
presentation of each individual’s past experience was elicited.

II. B .5. Behavioral Validation: Assessm nt k~rocedures , nudel structure,
separability of attributes, and gains vs. losses .

Eustace and Fdwards have designed a study to systematically vary
three factors relatin g to assessment and nodclinq technique and t~o factors
which describe the nature of the nult iattr ibuted entiti es to be evaluated .
In a cxi~pletely “within ” design , Eustace and Fl~wards ~ lici i t~~ attr ibute
utility f unctions (eithe r additiv e or melt ipl icative) using three ~opular

elicitation techniques (Bm’S, Rating Scales , and certa inty aiuivalents)
and wholistic choices. Another factor , nested withinci ci icitat ion technique ,

is that of risky vs. risk less utilit y functions . Punctions art’ elicited for

c~ ins and losses from starting posit l(1tS in cxii’iitxlity bund les which ar e
either separable (amounts of tea and ice cream) or inseparable (amount of

leanness of ground beef) . All assessments are mElde twice and , with the

exception of the wholistic assessments , no real transactions occur bet~k~en

subject and experimenter .
The results fran this study will address the follc~ inq questions :

1. W~i well do simple utility models (riskiess , additive)

approx imate more ozirplex ones (risky, multiplicative)?

2. Hc~ well do simple elicitation procedures (rating scale

17
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holistic choices) approximate more complex ones (BJ~LTS ,
Certainty a~uivalents)?

3. ~~at is the relationshi p between gains and losses in

starting position when the f ina l utility atta ined is
held in constant?

4. Hcw~ are the answers to questions 1 thrcugh 3 mediated

by the separability of attributes in the coimodity bundles?

II. 8. 6. ?~~UA and Systems Dynamics.
Gardiner and Ford (1977) explain a technique for using additive,

risk iess , nultiattribut e utilit y functions to evaluate the results.

Caiputer simulation models are frequently developed and used as policy

analysis tools that sI~~~, for the system being modeled , hcM its behav ior

over tine is influenced by proposed policies. Many simulation efforts stop

at this point and leave the synthesi s of the derived result s to unaided

intuitive approa ches. The emçhasis and focus is on developing models that

shc~ consequences of policies, not on tie formal evaluation of these con-

sequences. As a resul t , simulation ir~xIe1s and accompanying policy re-

camendations are frequently criticized for failing to take into account

societal interests and values. This paper discus sed 1x~z MALJA can be applied

to the output of catputer simulat ions to remedy the deficiencies inherent

in the system dynamic s nethcxlology.
The paper discusses an application of the technique in energy boom

tc~~ns where a system dynam ics model of a bean tcMn “ feeds” evaluation models

developed fran nine viewpoints of individ uals ( incltxliriq those of the mayor ,

a conservationist , representatives of the enerqy industry , etc.) in Fra minaton ,

New Maxico. The applicability of this technique merger to military boom t~~n

phencirena is discussed as well as its appli cati on to military “bust tc~ ns” ;

i.e. those instances where U.S. military installatio ns are closed .

18



111. App1ic~ t~ on~ of Decision ‘~~cirno 1~~~•

The fol l inq Sect ion st~~ar~i :~t ’s an ARPA Technical Report by Edwards
(19 77) . r9ach of tha t t’e~-ort is concerned with the problem s and prostx’ct s
for in stituL~onali .~inq LI i~;ion axulvtic to uü~uo~; in Fedoral bureaucrotic
centoNts , and is in particular ivsponsive to the V i e WS  on that topic of Mr.
Joseoh Ccutcs , of the U.S. Office of Tt?thnolc~iv Assessment . As examples ,
Edwards su’rmari :os two extensive applications, both using ARPA—developed
techno~ogv but nei ther funded by ~\1~PA. I3oth studies include technical innct -
vations hLj hlv rele vant to ARPA and LXX) needs and probleii~~. The Technical
Report nukes spec ia~ effort to be readily understandable by those unao~juainted
with decision technoloqy , prd>abilitv, and the like; it does, hc~ever , ass~me
experience with Federal bureaucracies .

The first example outlined by wards involves the technolociv of prcba—
bilitv assessment and use of I3avcs ’ thocro~~. Pr~~ ul~i l i t v  of various diaci~-
noses ~~ie assessed by clinicians in emiereenc~’ roan settin gs all over the U .S.
to determine the diaqnostic efficacy of the radiographic procedures emoloved.
Specifically ,  clinicians provided prdx ~bi 1itv diagnoses before and after inter-
pretation of about 8,000 x— rays. The log 1 ikelihoed ratio, ca~iputed f ran the
prior and posterior probabilities assessed , served as a measure of the in f lu—
ence of x—r ay s on clinical diaqnosis. The assessments ~ ‘ro acca~plished “in
the field” by clinicians with a minimum of technical traini ng .

The exai~ ~le suqqests ox t:ensions of the dcscr ibed methcxiolcxiv to a variety
of real world settings . Any situation in which a costi , perha ps dangerous ,
procedure to gathe r infor mation i~ e:~~ ‘yt\l is anenable to this investiqator~’
approach . As technology in general advances and metheds to reduce uncertainty
becute increasingly more avai lable , the decision of whether the amount of ad-

ditional informa tion obtained is worth the enorqy expendt\I in ciath ur ing it will be—
care both mre  important and more cc*’~plex. As technological sophisticati on in—
creases , the stakes increase and the intuitive abi. litv of man to c.hcese bone—
ficia llv between seek rnq or not seekine uoro int ’ornut ion eases . Thus , tecth—
niques of studying the efficacy (in saic sense) of information collect ing pro-
cedures (such as radiography) will becare increasinqly important . The most
obvious m u  i tary example has to do with collect ion of intelligence information.
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In Edwards’ second example, the techniq~~ of nultiattrihite
utility analysis (~~1iI~) is applied to a highly cxiplex social decision
making problem; siting a nuclear waste disposal facility. In contrast
to the first exaimple , the primery focus is on determining measures of
value, not uncertainty . The most important feature of this application
is the use of the M~~~ procedure (developed for use by individuals)
by a face-to-face group of decision makers .

Group interactions were structured around the M7~UA tasks of
determining dinens ions of importance , and weighting those diirensions.
Experts in nuclear engimering fran several countries caiprised the
groups. I-Iypothdical alternative waste disposal sites were generated by
one of the experts wbo had extensive experience with the siting problem.
A nuterical demonstration of MNJA evaluation of sites was perfont~d , using
the weights assessed fran the experts and linear transfoxn~tions of values
(or log values) as location measures on utility curves.

¶I~~ additions to the usual MAUA technique were employed . Rather than

Lj obtaining ratio scaled weights in which only ratios involving the least
important attribite are checked , the respondents were required to judge
ratios of all possible pairs of weights - This change in elicitation
procedure probably enhanced the reliability , and hence validity , of the
utlity model parameter estimates deter mined via the weighting procedure .

t Another uniqte aspect of this endeavor is the resca ling of weights
to reflect the range of values on each dimension for sthich alternatives
are actually available . Since weights must often be obtained using a best

• 
~~ guess of the ranges on each dimension which the alternatives will span ,

this resca ling procedure is a potentially valuable one. Further research
• exploring the accuracy of the assumptions implicit in this technique is

t still necessary , 1~~~ ver .
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V. Stmma ries of Technical Reports

Sunmaxy No. 1

H~ .z Groups can Assess Uncertainty: Human Interaction
Versus Math~~~tical tk dels

David A. Seaver

Recently deve loped decision aiding technolog ies rely upon quantification
of uncertainty as subjective probab ility . Since groups are often responsible
for making decisions , procedures for assessing the subjective pr obabiliti es of
groups are necessary if decision analytic techniques are to be generally appli-

cable . TWO general approaches to this pr oblem exist: math~~~tical aggregation ,
in which individua l pr obabilities are cxirbined via sam mathematical rule to
frcin a single probabi lity assessment , and behavioral in t eraction , in which the
group math ers ccmrt unicate verball y or otherwise to reduce or
eliminate disagree ment. Several methods in each of these categories are re-
viewed. Since previous results ca~~aring vario us procedures for deten~ining
group pr obabilities are equivocal , a study was undertaken to cci~pare several
mathematical aggregation and behavi ora l interaction approache3. The resu lts
of this sttx~y suggested that sam~ interaction tends to increase the certainty
of the group , decrease the calibration , and decrease the disagre~~~nt anong
group men~ ers , although the type of interaction makes little differ ence . The
mathematical aggregation rule used affects both the calibration and the cert ain-

ty of the group. Choice of just which procedure to use depends on a tradeoff
between the desirability of increased certainty and calibration . In many in-

stances , simple averag ing of individua l asses~~~nts without any group inter -
action may be the nost desirable procedure simply because it is the easiest to

use .
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S~~~ ry No. 2

The Effects of Response Scales on Likelihood Ratio Judgn~nts
William C. Stillwell , David A. Seaver , and Ward Edwards

Different methods of elici ting responses to the same qt~ stion often pro-
duce dif ferent responses. In order to systematically study hc~ response
scales affect likelihood ratio judgments, two experiments were conducted. ~ c-
per Lment I manipulated two independent variables : the endpoints of the re-
sponse scales (100:1 , 1000:1 , 10 , 000:1) and the spacing of the scales (loga-
rithmic versus linear) . Results cQnpared the veridicality of responses on the
six scales produced by crossing these factors plus another response node in
which subjects sixply wrote their judgment in a blank (no scale).

Lcgarithmic scales produced responses that were both nore veridical and
note consistent than responses on linear scales which were, in turn , better
than sinpie written responses. Measures of the effects of the endpoints were
sctnewhat inconsistent and probably interacted with the range of veridical like-
lihood ratios. Judgments of relatively small likelihood ratios were affected
by the spacing: linear spacing caused overestimation. Judgments of relative-
ly large likelihood ratios were controlled sore by the endpoints : higher end-
points produced larger judcjments. Apparently, subjects use the range of the
scale as information about the range of true likelihood ratios.

E~cperiment II manipulated two additional variables , data diagnosticity
and the values of the true likelihood ratios . The results of Experiment I
were confin~~d while neither of the ac~Iitiona l variables radica lly changed the
effects of endpo ints or spacing.
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St~miary No.3

-
~~‘ Lng the ¶Rechrology of Probablistic Inference

Aggregating by Averaging Reduces Conservatism

Lee C. ails , III , David A. Beaver , and Ward Edwards

A relatively large body of research indicates that people are
conservative processors of probabilistic information . Recent attention
has focused on two possible explanations of this phencmenon. The mis-
aggregation hypothesis depicts convservatism as an inability to properly
cxIT*)ine the information in a data seq~~nce. ¶t1~ other explanation suggests
conservatism is the result of a response bias : the avoidance of extreme
odds or probability jtrlgeents.

Two exper iments explored the use of a specific response , average
certa inty , that was devised to thwart conservatism caused by either
response bias or misaggregation. Use of appropriate instnx±ions and
response scales made the average certa inty judg ments good subjective
asses~~ents of the arithmetic sean likelihood ratio which could then be used
in the appropriate form of Bayes’ ¶11~eorem to calculate posterior odds. ‘llese
judgments seated unlikely to be affected by a response bias since extr~ re
responses were not needed . In addition, research has suggested that people
are sore likely to aggregate information by averaging than by adding or
multiplying, so misaggregation may be exhibited only in specific forn~ of
aggregation and may not be present in averaging.

The results of Experiment I indicated that average certainty judgments
were both sore orderly and sore veridical than cunulative certainty judgments
of the type usually obtained in probabi listic inference tasks. ~~~ ciziulative
judgments were very conservative while the average certainty judgments were
only slightly radical . Experiment II indicated that average certainty judg-
ments and individual likelihood ratio judg~ents were both sore orderly and
veridical than cuirulative certainty judg ments but that they did not differ
significantly frcin each other in either orderliness or veridicality . A
second factor , the diagnosticity level of the data was also found to
influsnce the veridicality of obtained judgments . Regardless of the method

25.
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of aggregation aiployed, estimates became sore veridical as the data
became sore diagnostic. Since thse studies were undertaken only to
see if average certainty judgments are an effective way to reduce
conservatism, they do not directly test what causes conservatism.
!~~~ver , scxre inplicatiais c~~cerning the nat~~e of conservatism are
discussed , as are the implications for the technology of probabilistic I 

-

inference .
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S~zcmary fb. 4

Subjective Pr obability Asses~~ent and the
Shape of the Distrii~ tion

Richard S. Jthn and ~~rd fliwards

Seventy-t~~ subjects were presented with three sanpies of pickup sticks ,
each painted yellow and blue. After viewing each sazple di3tribut ion,
subjects assessed subjective probability distributions over the “length
of yellow” painted on sticks in each population saiipled. Each subject
utilized one of three popular probability asses~ ient techniques in
making the uncertainty judgments. The shape of the distribution of
lengths of yellow was found to interact with assesa~ent technique,
suggesting that biases introduced in subjective probability distributions
vary as a function of the uncertain quantity being assessed . The custon~ary

“fractile” procedure for assessing continuous probability distributions
ocnsistenty yielded the worst fitting subject ive asses~~ents.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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S~znTar y No. 5
Sensitivity Analysis of the Effect

of Variation in the Form and Parameters of
a f4iltiattributh Utility Function : A Survey

Patr ick Leung

There is a trend tc~ards the developent of ccitplicated versions
of nultiattribute utility nodels. flese nodels, although theoretically
sore accurate in the rq resentation of decision makers’ attit udes, require
asses~tent procedures which are sore difficult and tine oonsi.nuing to inpie-
sent than simpler nodels. The paper reviews theoretical and ~ pirical re-
search on the sensitivity of nultiattrthute utility nodels with enphasis
on simplification . Both deterministic and probabilistic nodels are considered
and the studies are divided into four areas : 1) those involving sensitivity
to the form of the nultiattribut e utility function; 2) those involving
sensitivity to the parameters of the function; 3) those involving sensiti-
vity to the form of individual single attribute utility functions ; and 4)
those involving the relatiL~ ~iip between determ inistic and probabilistic
nodels.
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Surrm ary No. 6

Differential Weighting for Prediction and Decision Making Studies

A Study of Ridge Regression

J~ ~~~~~~~~ Newman

This paper is another in a series e~cploring the conditions under which
either differential or simple unit weighting of predictor variables in predic-
tion and/or decision studies will be appropriate . Su~~ of the difficulties of
apolying the ordina ry least squares (OL S) analysis to practica l prthl~~s are
described and an alternative r~-~ . ssion nodel called ridge analysis ( RIDGE ) is
offered as a substitute to OIS. The trouble with OLS is that when the predic-
tor variab les are intercorrelated , then the regression coefficients estimated
by 01.5 are often quite deviant fran the “true ” coefficients . They are often
too large in absolute value and the sign of the coefficient can be wrong. The
RIDGE solution to this is very simple : just add small positive values to the
i~~in diagonal of the correlation matrix depicting the intercorrelations between
the predictor variables , and re-estimate the coefficients in the usual manner .
The resulting estimates are called RIDGE estii~~tes and in theory they will be
superior to OLS estimates in the sense of producing smaller error In cross val-
idation samples . That is , when 01.5 and RIDGE estimates are estimated in one
sample of data , and then tested on a new sample of data, the RIDGE estin~ites
will result in fewer errors of prediction than the 01.5 estimates.

Several ~~pirical studies were conducted using carpiter slirulated data for
various prediction situations. The OLS and RIDGE nodels were ccmpared as to
their efficacy in prediction and both nodels were cxr~pared against the simplest
nodel possible , that of unit weighting (UNrr ) , in which no weighting is perform-
ed; the variables are simply added up and the s~nn used for prediction. The
results of these studies indicate that 01.5 and RIDGE, with one exception , always
outperforned UNIT with respect to producing smaller errors of prediction and,
what is nore important, RIDGE always did better than 01.5. The one exception

- 
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in which UNIT did better than OLS and RIDGE is for the case in which all the
“true” coefficients are positive, not too far apart , and the saiple size is
relatively small (<50) . This is a very restricted class of conditions. The
general conclusion is that UNIT weighting will be preferred as a way of gen-
erating differential weights. Also the RIDGE method of estimation (RIDGE)
always should be the preferred nodel over 01.5. One practical implication of
this is that if an investigator does not have the luxury to do cross valida-
tion then RIDGE estimation can be used as a substitute for cross validation.

30.
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Suninaxy No. 7

The Effects of I~ ducing the Nurrber of Attributes in
Mdi tive Multiattrthute Utility ~~deling Under Certainty

Patrick Leung —

This paper explores the effects of reduc ing the nunber of attr ibutes in
nultiattribute utility nodeling under certainty. Four different scheres for
reducing the nuither of attributes are tested, using r’~bnth Carlo Simulati on.
A simple method which ignores intercorrelations aitong attributes and takes
only the weights into account is found to yield a reduced nodel whose correl-
ation with the original full nodel is highest. This method is appli ed to ~~io
real world exanples—.an aut cm~bile evaluation probl ert and a coastal develop~~nt
site selection prthl arr and yields good results in both cases . The an~~ nt of
tine and effort saved thr ough the use of the reduced nodel instead of the full
nodel is found to be considerable .

31.
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