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I . INTRODUCT1O?~

This report suninarizes the work by the Social Science Research Insti-

tute, University of Southern Cal ifornia on subcontract P.O. 78-072-0720

from Decisions and Designs, Inc ., prime contract N00014-76-C-0074 from

the Advanced Research Projects Agency , monitored by the engineering

Psychology Programs , Office of Naval Research. The research conducted dur- . 

-

ing this contract period from October 1 , 1977 to December 31 , 1978 under

the di rect ion of Professor Ward Edwards , the Principal Investigator , was an

ongoing program of Research on the Technology of Inference and Decision .

Edwards t, 1973, 1 975), Edwards and Seaver (1976) and Edwa rds , John and

St iliwe ll (1977) sumarized previous research .

The proposal leading to this subcontract called for research on six

s~ueci fic topics: group procedures for probability assessment, t he role of

expert ise in group probabilit y assessment , measurement and validat ion of

c~rou:~ utilities , assessing small probabil ities , the tradeoff between mod el-

ing error and judgmenta l error in mu ltiattr l bute uti li t .y measurement , and

development of a computer program to assess probability distributions. Our

resea rch on these and other topics is reported in seven technical reports

which have been produced or are now bei ng prepared . Surnaries of these tech-

n ical reports appear at the end of this report.

The purpose of this report is to explain how 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 techn ical

reports. Instead , we do discuss in detail work that w ill not result in tech-

n ical reports as well as new i deas to which current work has led.

- . -  -. -

~~~~~~~~~~~

- -_ _ _  
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II. TECHNICAL OVERVIEW

The research conducted under this program has sought to detemine the

factors that affec t the quality of decisions . With the motivation often

coming from practical problems in decision making , both theoretical and

apU led issues have heen investigated . On the practical side , we have com-

pa red group behav ioral techniques with mathematical aggregation models

for group pr oba b ility assessment (this is a continuation of work started on

the previous contract), we have continued our investigation of aids for the

assessner,t o~ small probab ilities , and we have studied the shift in subjects ’

wei gh t ing of attr ibutes in response to changes in the range of value on that

attribute. Theoretical work has look at the role expertise plays in the

judgment of proba hi lit ) , methods of assessing group value judgments , the

tradeoff between modeling error and judgmental error in mu ltiattribute ut i l -

ity measurement, the ~iterature on subjective weighting and a method for

testin g subjective versus objective weighting of dimensions. m d  r e1ia b i l i t -~

of procedures for the eliUtat ion of multiattribute utility judgments. 
$ 

-

II.A. Elicitation and Quantificati on of Uncertainty

II .A. l Group assessment of uncertainty : Human interaction versus
mathematical _ models.

Research has shown that the probabilitistic judgments required as

input s to decision analyses are usuall y more valid when made by groups than

when made by individuals (Seaver , 1976). Yet both the theory of and the

assessmen t techniques for subjective probability have been primarily oriented

toward quantif ying the uncertainty of a single individual. This does not mean ,

howev er , that the theory is limi ted to the sing le person case . As Savage (1954)

2 
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points out , extension to the multi- person case are often made . The “in-

d ividual ” simp l~ represents a fam iJ ~ , corporation , or nat ion , a sort ot

“super individual. ” But we are s ti l l left b.i th a prohler~. the group acti n g

as N individuals.

With  this problem in mind, Seaver ( l9 ’~ 1 invest i g ated both heha~ io ra1

and math ematical met hod’~ for deriv ing group pr obab ili ty estimates fr o r -  the

indivi dual estimates of qrou~ members. Estimates of both discrete (reporteo

in Edwards, John and St illw p ll , 19~7~ and cont inuou s events were e~p l -~rt’L1 .

Beha vi o r al tec h n iq u t ’s co r a”e~ were : De l ;’hi (Dalke’, and Helmer , l~~~).

Notn i nal ~roLu ;u Tech nique (Van de ‘be ” and Delhecq, 1 9’ 1 ) , a consensu s tec i ’ - iq.~t’

i t ,  which grou~’s were si~ ; 1, to reach a consensus in whatever wa~ t he’, ch ~~~e,

an d a n~~ed te chnique w hi ch , like the Nct’~i nal Group Technique , had 1u iL in, ’~~

make judgments and present them to the group , but allowed onl~ pre ser tatior c”

speci fic reasons f~ r the judgment wi t h~~ t open discussi on . Mather~at ical aggre-

gati on modeis c ompared lo ’- cont  inuo~ s e’,ert~ i ncludr the 1 m ean and co ’:~i~:.~t u ’

models for each of three ~e1q h t1 n g procedures : equal weiq ht~., De~root wei~~~ .

(DeGroot, 1974 1 , and sel’-ra ting wei ghts.

The resu 1t~ of th~s st ud~ were es~ert i ol l~ neqct t i -i .e. a fact that ~‘cth

interest ing and impo rtant tOr app l ications. Seaver found that , a1t houg~ si~ ’--

ific ant, quadratic scoring rule differences among behavioral techniques were

slight. Thus , the effort expended in brin ging experts togethe r is generall ,-.

unjustified. Simple procedures, such as equa1l~ we ightin q the ind i v id u a l

judgments and taking a simple line ar average, produce group assessments that

are as good as or better than those produced by more Complex aggregatio n r~ i~~’~

or behav i ora l techniq ues .

As with discrete events, group interaction judgments were mcrc ex t re lu’

(in terms both of mean densities and of smaller inte rquarti le ranges ’
~ a’ter

group i nteraction than before . This findi n g was accompanied b’~ a decrement

-
ii ____ 
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in the calibrat ion of those judgments. Subj ects scent to take the agreement ot

other group members as information independent of their own , and adjust their

probability judgment upwa rd .

1I .A .2  The use of marker event s for the assessment of sm all
probabi lities.

Both experimental and app lied wL rk have shown that pr oble r~ a rise in

the subjective assessment of the li ke lihood of hig h l~ u n lmk e l~ events . Fu~ i i ,

Seaver and Edwards , ( i9 ’ 7~ found a d i stin c t b ias o juigrie’its awa~ fror’ the

extre mes of the prohahi l it ’ ,  range . Su~’,’ec t s  co rr~.is te n t i ’ , avo ide d e stm n tate \

nea r 0 .0 and 1.0. Oh viousl ’ , . this Situati O n present s a prot- ’ ier- for decisio n

a n a l y s i s  when the outcome is sens~ ti~ e to tha t bias and we hai .e bee” in’ ,t’~~t ’-

gating methods whose purpo ’~e i s  to promo t e the ‘,eni di a i m  t ’  “ f~rral 1 ~~~~~ —

i t ,  j udgment.

Work h~ L i c h tens te i n , S l o v ic .  Fi s c hhc’tf , Lay man , and Coom~ . (i~~~ ’ see~-oo

to ind icate that subjec t ’~ were q~ ’t e  good a t  ,ud~ m ng whi ch o t~ o e’,e”ts ~~

the more li ke l’ ,  . T h m ~ t m d i  n~ su~mqest ed that p o t ~a~~m ) i t ~ as ses  so”~ co~.) d ‘aLe

a series of comparl ~on~ of even t  pa i rs or a S mn m u ta neou\ c c-ii’ipa~’ m so ’- o~ t i e

event w i th  unk~ow’ proba~’ m i t~ w i th  a l is t  ~f eve nts w i t h  kn~~ - pro~
-’at~ ii ~

and thereb . arr ive at an est imate of the unknown pr ohab i l it i . .  Tn~~ e s t i m a t e

would not invo lve  d i rect  numer ical es t imates  and th~~ wo~.1d a.o~ d t’ro t i ma s  t o

which these judgments were subject.

Several studies were designed to evaluate thi s e lici tat ‘on tech t’’~ ue.

Edwards , John and St il lw ell (1977) descr ibe these studies and report the

genera l conclus ion that , at least as so far designed , t h e  n e~ re~ por~ e mode

did not result in marked improvement in resu lting judgments. Corre~a t ,on~

4 
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for individua l subjects between the true probabilities and those estimated

by subjects using the procedure tended to be low posi tive, on the order of

.1 to .2.

Based on these results it was suggested that for the skill of the pro-

babi listic judge to be effective in realizing improved estimates some form

of aggregation over individuals must oc cur . The responses found by Slovic

et al. were across subject rather than within and the quality of individual

subject s ’ responses we re not studied . Slov ic , et a l. found tha t directional

responses were correct for a large proportion of subjects , but not al l

persons were correct and mos t ratio judgments were too conservat ive .

The above findings sugges ted a sort of majority ru le principle for the

pa ired comparisons of probabi l i t ies as a possible solution to the small pro- r -

babi li t ies el ic i tat ion problem. To test this possibi l i ty the following study

was designed. Subjects were run in groups of f ive. Al l  f ive subjects were

shown pairs of individual events of the fol lowing type : “A secretary given

that the person was employed in California in 1976. This is a condensation

of “Se lect an adult at random from the U.S. population. It turns out that

the person chosen was employed in California in 1976. Given that information ,

what is the probabil i ty the person was employed as a Secretary?” Each subject

wa s then asked to determine which of the pair he/she felt was more likely.

A branching structure was used as in the individual studies but the branch

taken was determined by at least three of the fi ve subjects in the group

selecting the same event as the most likely. Choices were forced such that

for each pair , one must be selected. After five such choices the group

had confined the estimate to a very narrow range of probability (.05 in

log di stance ) and the midpo in t  of thi s range wa s tak en a s the group ’ s

judgment.

5~~



Result of this stuth raise serious doubts as to the viability of the

marker event technique for the elicitatio n of small probabilities. Groups

o~ individuals performed onl y slightl y better than did individual subjects.

Correlations for groups between the true probabilities and those elicited

were for all groups nonsi gni ficant and in some cases ~‘ight l y negati ve.

Aga i r ; . we find ourselves in the position of needing to explain the

seer’- i nq div ergence of our results from those of Slovic et al . And , again ,

we mu ct 1oo~ to the differences in the task . Slovic et al found that when

the ratio of likelihoods of two- events was greater than 2:1 , ove ’ e iqb t~
pe rcen t c su~~ects could correctl y judge the direct ion , of the response. Or

tne other ~~~~ in order for the marker event techni que to be useful , the

Su b j e c t  rust necessar i l y make judgments that are c lose to 1:1 . The resu lt c

o~ Sl~~ iL et a l .  sho~. that s ubje ct s asked to make judgments less than 2:1

often times showed well over fift y percent of those responses to be in the

wror.~ cirection. And for the majority of pairs, judgments made with the true

rati o c’ likelihoods less than 2 :1 did not markedL diffe ’ fror fift \ perce nt.

~ na ve come to be l ieve that the marker event technique for small pro-

haHl it~ assess’”ent is not viab le. The nature of the required task is SUCh

t h a t  subjects lack the sensitivity required for the judgments. At the sane

ti ne we feel that the results of Slov ic  et al .  are misleading a b i l it y  to

make relative likelihood judgments about human for very low probabi lities.

j r  a gross sense subjects performe d this task moderate l y wel l , but  certainl y

not well enough so that some aggregated form of the judgments could result in

a useful assessmen t technique.

II.A .3 Combining probabi lit ist ic judgments in the presence of
differing levels of information.

Often those with special knowledge of a substantive area are asked to

work together to provide probabilistic input to a dec ision anal- ’,s is. The ir

6

~ 

~~~~~~~~~ 
- -



— ——-—— -

~~~~~~~~~~

-

~~~~

-- 

special knowledge is thought to aid them in coming to “better” estima tes

of the needed unknown quantities. The mos t corriiion situation is where mo re

than one judge is involved , and each judge has a differc~ leve l of

information or knowledge of the process about which they are trying to make

judgments.

Gabrie ll i and Edwards (1978 ) looked at this situation experimentally.

In a book-bag-and-poker-chip task subjects were given controlled amounts of

information . One subject , sa id to be the high level expert , was gi ven more

diagnostic information (d’ = 1.15) about an underl ying data generating pro-

cess . A second subject, the low level expert , was gi ven less di agnos ti c

information (d ’ = .4 l )  about that same data generating process. Firs t , each

subject made judgments individuall y from their own samp le. Subjects were

then comb i ned into two person groups and asked to arrive at a joint judgment

that took into account both bits of information. They were not allowed to

exchange information about their individual sample except to express the

strength of their individu al judgment. The independence of the two b~~s of

information was stressed .

In dividual judgments were consistent with past research (Dornas, Goodman ,

and Peterson , 1972; Sti llwe ll , Seaver and Edwards , 1977) in likelihood ratio

judgment. The hi gh expertise subjects tended to make conservative estimates

wh ile the low expertise subjects were radical. The correlations for ind ividual

subjects between their twenty responses and those calculated from Bayes theorem ,

the norma tive rule , wer? for the majority of subjects above .75.

For the group judgments , three sets of numbers were compared: 1) The actual

group response was compared wi th veridical responses and 2) with a number cal-

culated by multiplyi ng individua l judaments In the appropriate Bayesian manner.

In addition , 3) the number calculated from the individual judgments was compared

wi th the veridical response . Median correlations , slopes and i ntercepts were

L. --___ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



respect ively . .79, .45 and .l~ for 1), .54, .23 and .48 for 2) and .53, .50

and .79 for 3). 1
The fact that actual group responses correlate fairly hi ghly with pro-

ducts of Ind ividuall y estimated likelihood ratios means no more than that the

two members of each group were allowed to tel l each other wha t their individual

est imates had been , and were Instructed to take those estimates as veridical

for the purpose of arrhina at group assessments. But the low slope shows that

they dm~i not arrive at these fina l assessments by the normativel y appropriate

pro-i edure . Dire ct observation showed that some pa irs , hut no t all , arrived at

fina l estimates b~ simp l~ avera ging their individu a l estirn ate~ .

icr check how effective a theory , simple averaging miaht be for exp lain ino

the group assessments , we also calculated reoressions between actual group res-

ponsc~ and the mean of the logs , ra t her than the suni of the loos , of the in-

di vi du a l responses. The median slope for that regression is .89. S1ni~larl~- ,

we c a l c u l a t e d  the same regression between actua l oroup responses and correct

Bayes ian numbers; that median is .4~
’. These reoressions are too low to pertrit

t h e  con clus ion tha t sujbects systematical ly averaned their estim ates. We are

left with the conclusion that the subjects found the ta sk con fusinn , and adopted

ill - sp e~ i f ied and confused strategies for determining their responses.

A t Pr 1 r.1 , ~~~~~~~ ‘.or’ was that of group respoilse ’. w i t  P m a simpl e avera~
model . 1 hi’, tes ted t h e  not ion that subjects s ir~pl~ took an avera~me of the
two numb er s tha t  represented their individual j udgment ‘. ~~ their group j
mer i t .  I ura l l~ , the fourth test  exa mined the geometr i. mean of the two m di - .—
t dual judqment’~ as pred it t or ’ ~f the group response.

Regress ion ana l yses were performed u sing the ba se ’  model on v eni d i ,,m l

l i ke  lihood rat 105 , the Bayes model on I ndi . I du al responses , the geomet i

p mea’~ mode l and the art t hmet i mean model as pred r ~ t~ rs of c m ro u p m s  pons p . 1 h~

8

jill_i



_ _ _ _ _ _ _ _ _ _ _ _ _ _  -~~~

results of these four analyses suggest that subjects were averaging the
individual judgments to c ome to the aroup response. Average group correlations
of .46, .64, and .91 and average group s lopes of .37 , .44 , .78 and 1.16 were
found between response and Bayes model on the veridical , Bayes model on indivi-
dual responses , the geometric mean mode l and the arithmetic mean mode l respectively.
Clearl y, considering the four models investi gated here, the arithmetic mean model

best describe s subjects ’ behavior.
There is an Interestin g point to be noted concerning the subjects ’ percep-

tion of the experimental task. Using the arithmetic mean as the group response
as descr ibed above would In fact be the normative rule if the data seen b,- the

two subjects had been totally dependent except for random error. Thus , the fac t

that subjects did average the individua l responses suggests that they perceived

the two individual judgments to represent redundant information wit h an error

component. In contrast , the subjects In Seaver ’s (1978) experiment treated the

judgments of the others in the group as independent information sources when it

seems quite likely tha t they were redundant. They seemed to oive too much Importance

to group agreement.

These findings are linked with those of a previous report (Eils , Seave r ,

an d Edwards, 1977) showing that if an indi vidua l subject is asked to estimate

mea n log likelihood ratios in a Bayesian inference task , the resultin g judoments
are e’tremely close to veridical. Apparen tly, avera ging is a congenial method

of agg regating information , whether tha t Information is accumulated by looking

at success ive i tems of data inside one head, or is instead obtained as a resul t
of group interaction . If , for example, the Gabrielli -Edwards experiment had used

mean log likelihood ratios as its response mode , both individual and group re-

sponses might well have been extremely close to the veridical value .

II .B. Mu ltiattri bute Utility Assessment

The current contract called for simulation research on the trade-off
between modeling error and judgmental error in mu ltiattr ibute u - ili ty measurement
(MAUM) and behavioral experimentation on the topic of group ut 1. ity assessment.

9
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Our work on these two problems is reported in two technical reports

(Barrori , 1978; E i l s  & John , 1978). Laboratory research designed under the

previous contract and comp leted under the current contract on an important

topic -- the reliability and val id i ty of uti l i ty assessment procedures --
is reviewed below . No further report is planned. Research on the problem

of import ance weightin g in add itive , riskles s MAUM was also conducted and

is reported in three technical reports. John and Edwards (l978a ) reviewed

t ’~~ literat u re on importance weighting, John and Edwards (1978b ) performed

~i . r r ~~~e~ i~~n vali dation experiment on various weighting techniques , and
p.

(
~~ r ie l l i , von Wint erfe ldt, and Edwards , (1978) invest igated the se ns i t i v i t ~
of sut~ e .trve estimates of attribute importance to value ranges.

Iii ’ .] . Add itive vs M ultiplicative MAU model -- Error Tradeoffs

f3arron (1978) attacks the problem of judgmental error and modeling

error for risk less and risk y MALI functions. A new procedure for e l i c it i nV .~

mult i p i i c a t iv e (or additive) MALi functions , holistic orthogonal parameter

estimatio n (NOPE), is presented. Three types of error associated with all

MALIM procedures are identified; two are judgmental and one corresponds to

model m is -spec ificati on . Simulation data are reported . A methodology for

detecting judgmental errors (within the HOPE pa radigm ) is exp la ined. Finall y,

various considerations in the application of HOPE are discussed.

The HOPE procedure consists of three steps : preparation , holistic

judgment of an orthogonal array of alternatives , and derivation of utility

and weight parameters from holistic responses. During preparat ion. attributes

are determined , value ranges are est imated , and preferential and ut ilit y

• independence assumptions are checked. These tasks are performed in the

man ner suggested in Keeney and Raiffa (1976). Next, an orthogonal array

(see Addelman , 1962) of alterna tives is constructed , and holistic ratings of

wort h are collected . The logic of this step is ident ical to that of functiona l
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measurement (Anderson , 1974 , 1977); however , HOPE has the advantage of

requiring far fewer hol ist ic assessm ents. For example , a decision problem

wi th five attributes , each defined on four levels , require s only 16 holistic

judgmen ts. One repl ication of a functional measurement complete factorial

design for the same problem would require 625 (54) judgments. In the risk-

less case, these holistic assessments are simpl y ratings (magnitude estimates),

while standard mul ti-a rr tibute lottery procedures (basic reference lottery

tickets) are utili zed in the risky case. The arithmetic of utility and

weight derivat ion is espla ined in detai l  in Barron ( 1978 ) and w i l l  not be

repeated here . The anal ysis allows for the diagnosis of the MALI model as

either multiplicative or additive.

Barron (1978) identified three sources of error in utility elicitation. • -

Modeling errors result from the use of an inadequate functional form (and

corresponding assessment procedure). Common examp les include substituting

additive models for multiplicative, and risk iess assessments for risk y ones.

Judgment errors are of two types: gross biases and ,andom deviations. Gross

biases , such as the so called certainty effect (Kahneman and Tversky , in

press), may cause severe inconsistencies in the elicited ut ility structure .

Ran dom judgmental errors can be attributed to many sources , including lack

of attention in the subject (caused by either boredom or fatigue l , imprecis lol’

in the response mode , etc. Data are reported from a simulation study (for

deta ils, see Barron and Person , in press) suggesting that model misspec ifi-

cation is a much more severe problem than random judgmental error. Although

errors in multiplicative models are relatively constant as random error

• become more severe , the accuracy of additive functiona l forms drops drasti-

c ally as ran dom error is mag nified . This suggests that a blanket acceptance

of a d d i t i v e  mode ls , with no checks as to their appropriateness , is i l l -adv ised .

11 
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Barron argues that the ability of the HOPE procedure to distinguish addi tive

models from multiplicative ones is an important asset, not shared by the

SMART procedure . Unfortunately, the issue of systematic biases in judgment,

conron to all model forms and assessment procedures , is not addressed in the

simulation .

Barron ’s simulation findings are useful , but further research is clear l y

warranted. The results are clearl y dependent upon the distributions of

random error used in creating ‘judgmental errors . Of course, the distributions

chosen by Barron were simp l , assumed , as little or no research on the to;’i~

exists. With differen t distributions of random error , it is pl ausible that

judgmental errors would become a greater concern relative to model m is speci t i-

cation. Whether Barron ’s results hold f~r random errors in judgments required

by the more traditional decomposition approaches is unknown . Furthermore , al l

of these results are derived using two hypothetical multiplicative models. Just

how real istic these models are is not addressed in the paper , and is ver’,

diffi cult to assess. Like all simulation findings , these must be tempered ti~

awa reness of the assumptions and defining problem characteristics decided upo”

by the simulator(s) .

Barron offers a methodology for the detection of errors in holistic judy-

ments. Two orthogonal designs are specified (with “m inimal overlap ”), and

holistic judgments are collected over each. One approach is to pool the data ,

and estimate the parameters with increased degrees of freedom . The subjective

hol istic estimates are than compared to those specified h~ the HOPE mode.

Another approach is to estimate the model parameters twice (once for each set

of judgments), and then to apply a “jacknife validation ’ logic. That is.

elements In one orthogonal design are compa red to the composites generated by

12
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the HOPE model deri ved from the other design. Wi th either of the above

approaches , large discrepancies between HOPE model composites and sub-

jective holistic estimates are an indication of judgmenta l error. In applied

settings , these discrepant holistic estimates may be reassessed .

The HOPE methodology for assessing MAU functions is a useful addition

to decision anal ysts ’ “hag of trick .’ It combines many of the best features

of the decomposition approach; discrimination between additive and multipl i-

cative forms is possible and only a small number of judgments are required.

In addit ion , Barron claims that holistic estimates are more easily collected

(via questionnaire ) than judgments required by standard decomposition pro-

cedures. The well known finding that holistic assessments are generall y poor ~. -

(see Slovic and Lichtenstein , 1971) is assumed not to apply to tra i ned experts.

Barron asserts that experts , familiar wi th the task of combining large amounts

of information , can provide accurate holist ic estima tes. Of course , there is

much evidence sugg es t i n g  that some professional experts (clinical psychologists ,

for exam ple ) consistently make poor holistic evaluations. (Goldberg , 1965,

1968 , 1970, 1971). In practice, the quality of holistic assessments will vary

as a function of the exper tise of the decision maker , and the complexity of

the decision problem. The MAU analysis performed by Edwards (1978) on the

problem of choosing an alternative busing plan for the Los Angeles Unified

School District required well over 100 dimensions . The efficacy of the HOPE

procedure in such a case is obviousl y limited .

Further research on the HOPE precedure is currentl y planned . A study has

been designed to assess the criterion validity of the weight estima tes derived

from the HOPE procedure. Formally , the weight estimates are obtained anal yti-

cally as a special case of the genera l linear model ; thus , the procedure is

formally equivalent to many other well know n approaches to obtaining s ta t is t ica l

13
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weights (e.g., regression , ANOVA , fractiona l replication design ANOVA).

Using the multip le-cue paradigm of John and Edwa rds (1978), HOPE weights

will be compared to other statistical weights, as well as direct subjective

wei ght estima tes. In another study , the riskiess vers ion of HOPE will be

compared to a number of other MAU assessment techniques in a realistic decision

setting . MAU models of credit card applicant worthiness will be elicited from

credit officers from a major California bank. All procedures wil l  be compared

against an evaluation model based on a standard statistical analysis of a

large data base. Thus , the criterion validi ty 0f HOPE , rel a t i v e  to other MALI

methods , wi ll be assessed. This Study wi l l  also investigate the undesirable

possib ility that HOPE procedures are not as useful in helping decision makers

“get their heads straight ’ as the more familiar decomposition procedures.

Il .B.2. A Criterion Validation of Group MAIJM

k Eils and John (1978) report a behaviora l i nvestigation of group MAUM

based on a doctora l dissertation by E l ls (1977). (For an earlier summary of

some of this work , see Edwards , John , and Stiliwe ll , 1978). Twenty-four

groups , each composed of three college students , produced consensus evalua tions

of ten hypothetical applicants for bank credit cards . Half of the groups

obtained consensus eva l uations via Edwards ’ SMART procedure , while the other

half performed hol istic assessments. Also , half of the groups used a forma l

group communication strategy , while the other half were given no instructions

regarding the dynamics of group interaction . The quality of group assessments

was defined to be the Pearson product-moment correlation between the group ’s

assessments and those from a configura l (nonlinear) model used by Security

Pacific Bank based on a standard discriminant analysis ut ilizing a large data

base.

14
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The SMART decomposition methodology significantly improved the quality of

collective decisions , as did , to a lesser extent, the con,nunication strateg~.

The correspondence between the bank criterion and group decisions reached v ia

SMART was improved when the ten attribute weights were obtained from the

simpl ified assessment schemes of rating , rank ing , or setting all equa l to a

constant.

The bank ’s formalized process of eva luating applicants for revol ving

cred it loans reflects , with some degree of accuracy, the nature of the complex

relationship between appl icant character is t ics and subsequent loan performance .

Information hearing on this comp lex relationship is a part of individuals ’ past

expe ri ence (otherwise the choice entities would appear equ~ ll~ at tractive and

e~alu a t ior would be impossible ” . Thus the degree to which group de cisio n \

correspond to the bank ’s systematic and complex evaluation provides a measure

of the match he’ween the collective decision elicited and group members ’

experien ce. It is argued that the advanLe~ beha~ ora l tec hnolo gies “xH ~~~~~

th i~ resea r~. i ~re valid in the sense that they e li c it a more nea ’l~ comp let e

repr esent atior ~f individuals ’ past experience. Further research witln n this

paradi~in’ , using professiona l barkers , was discussed in lI .B. l.

Wh i le the simple multi-attribute utilit y anal y sis (SMART~ w a s  de~elopeo

for uce b~ in di~ idu als, these experimenta l results suggest that the techn ique

is rea dil y ’ adoptable to the group task setting . The success of the group

dec ision techn ology lies in its abilit y to focus attent ion to indhidu al ~alue

relevant factors . As reflected t~ the improved correlations obtained with

simplified wei ghting schemes, the precise speci fication of wei ght parameters

was of little va l ue in the present decision task. In the reported stud s, the

assessment of rat io weights merely exhausted more group time and energy as

well as lowered the quality of the decision product. Whether these f indin~~
wi l l be replicated with expert credit judges is an interesting question.

15 
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11 .6 .3 .  MAU reliabi lity and valiaity

One of the gaps in the transfer of decision anal ysis from abstract theory

to useful application is reflected in the pauc i ty of attempts to assess the

reliability and validi t ) of e l i c i ta t ion  procedures. Fujil- Eustace and Edwards

designed a behaviora l stud) (reported in Edwards, John , and Sti)lwell , l9~7)

com paring simple utilit y mode ls (riskless , additive) to more complex ones

(risky , m u lt ip 1i cat ive~. They elicited six subjects ’ two-attribute ut i1i t~

functions for separable (market baskets of tea and ice cream ) and inseparable

~~rncunt of leanness of ground heefl conIuodlt) bundles. All assessments were ~.
‘ 

-

performed twice and the four single -att ribute ut il it ) functions were determined ‘ I -.

over a fixed range for gains added to a small initial bonus and losses substracted

from a larger initi a l bonus. The subjects were all paid a fixed amount , there

were no real transactions of stimulus coninodities.

There are three major findings in the study . First, test-retest relia-

bil i ty was extreme ly high . No differences were evidenced among the two risk)

procedures (certainty equivalents or basic reference lottery ticket~ and the

riskless rating scale procedure , for either the single -attribute utilities or

corrposite multi-attribute utilities. In addition , there was high convergence

among all Qf the multi-attribute utility models. All pairs of ris kless ’risk

and additive /multiplicative models corresponded equall y well. Unfortunatel y ,

the tests of reliabili ty and convergent validity are based on correlational

ana lyses . Since the monotonicity restriction virtuall y guarantees hiqh

correlat ions, these findings should be interpreted caut i ousl). In particular .

we will discuss below how the high reliah ilit ) of the single-dimension ut il-

it ies is almost totally artifactual.
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Secondly , all of the utility models predicted holistic ratings of multi-

attribute commodity bundles and dichotomous choices between lotteries of multi-

attribute commodity bundles extremely well. Although the risky certainty

equivalents procedure tended to predict holistic ratings best and the risky

basic reference lottery ticket method tended to predict the dichotomous lottery

choices worst , all of the differences were quite small.

Lastl y, an attempt was made to diagnose each and every single-attribute

utility curve as eithe-r convex , concave , or l inear. Presumably, the risky

assessment procedures , which take attitude towards risk into account , shoul d

produce more nonlinear utility functions than the riskless rating scale pro-

cedure . Al so, a cr itical comparison of classical utility theory and prospect

theory (kahnema n and Tversky , in press ) is afforded. Classical utility theory

woul d predict that the shape of the utility curve is constant (and probably

concave) over the “ga ins ” and ‘losses ” assessments , whereas prospect theory

asserts that the curves are more likely to be concave for “gains ” and conve x

for “ lossess ’. This analysis was inconclusive for three reasons : non-mono-

tonicity of severa l utility curves , low test-retest relia bility of the diagnoses

of the curves ’ shapes , and rather extensive individual differences among sub-

jects. For the comodities and ranges employed , non-monoton icti y is simply

inex plicable. It is perhaps noteworthy that non-monotonicity was evidenced

only in the basic reference lottery ticker procedure ; rating scales and

certainty equ ivalents force the curves to be monotonic. The rather low test-

retest rel iabili ty of curve shape suggests that the previously mentioned

high test-retest correlations for single-attribute utilities are artifactual .

In all likelihood , the shape diagnoses obtained are spurious deviations from

linearity (wh i cn might be expected over the rather restricted value ranges

assessed). Finally, the consistencies (in group data ) in shape relating to

gai ns vs losses and risky vs riskless were not consistent across subjects.

17
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No more than two subject exhib ited the same patterns of curve snape across

these two factors of interest.

The results of this Stud) support a small but growing body of research

that suggests tha t simp le add itive, risklpss uti li t y assessment procedures

are adequate for a large class of decision problem ’. ~F ischer . ~~~~ 197t’ ,

197 7, von Win terfelti t ~ idwards, l~ ’3’r . Edwards ’ (l~~’7) SMART procedure

for evaluating MAU function , using simple magnitude estimates (rat ngs i of

single-attribute utilit y and ratio estimates of weights . yie lded models that

close ly correspond to the comp lex m u ltipli c at i ve mode l s  and risks assessnert

procedures advocated b~ Keeney and ~a ifta (l9’ t~).

C~ cou rse, further research is  warranted . One could argue that the

high correspondence of add it ive and m u lt i pl i c at iv e models i s  partiall y due

to a high degree of independence between the t~ o attributes in  each of the

conriodit~ bundle stimuli. Ever’ in the inseç~araHe case ( amount and leanness of

ot ground beef), there is l i ttl e reason , a ~~~~~~~~~~~~~ to expect an’, ~a lue depend-

ence . Likew ise, the rather tri .ia l value ranges used , a long w i t h  the a~ sers e

of any real transactions v irtua ll assured that attitude towards risL wo~L~

be irrelevant. The usual findings of ri sk avers ion , both s ingle- and r~~ ti-

attribute, are less li kel~ to occur wnen the stimuli are bot h ima~ inar y and

tr ivial (cell 4 of Table H. An) critical comparis on of prospect theor and

classical ut ili ty theor) demands stimuli and value ranges wh1~ ti prod~ce

signifi cant levels of non-neutra l att itude towards risk.

The ideal experimenta l setting , us ing non-trivial s t im u li and real trari s-

actions (cell 1 of Table II is not practical. Handling s u b s t a n t i a l  gains ~~r

losses (even from an init i al honus ’1 Is an obvious problem . Althou gh riggeo

gambling devices are a p o ssi hili t~ , the use ~f such deception would ha~e to he

approved by a human subject committee . The soluti on , ~t course, is to use

18
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either rea l transactions for less significant stimuli (cell 2 of Table  1)

or imaginary transactions for more important Stimuli (cell 3 of rable 1).

Research on the topic of atitude toward risk and value independence is cur-
• rent ’ly planned in the domains of cells 2 and 3.

Stimuli

Sign ifi cant Insi gnificant
Real 1 2

Transact iors
Ima ginary 3 4

Table 1. Experimental settings relevant to study ing att i tudes toward r isk

and valve i ndependence.
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11.8. 4. A Review of Importance Wei ghting for Additive , Riskles s MAU Models

John & Edwards (1978a ) identified three approaches to the weight esti-

mation problem : no estimation (i.e., equal wei ghts), direct subjecti’-- esti-

ma tion , and indirect holistic estimation. A rather extensive literature on

equa l weighting , both pro and con , is sitnrnarized and discussed. Severa l

me thods for directl y assessing importance weights are catalogued , including

ranking, fractionation , subjective estima te methods , and pa i red comparison

procedures. Indirect holist ic methods , including unbiased and biased regress-

ion anal~ ses , the A~OVA and fractional ANOVA paradigm , and the Keeney-Ra’ffa

techniques of pricing out and trading off to the most important dimension ,

are all explained with particu la r emphasis on their common relationship to the

general linear mode .

The validation literature on importance weighting techniques is character-

ized by three notions of weight correspondence: direct comparisons of weights

elicted via different methods , comparisons between composites formed from

el ic i ted weights and ho l i s t i c  evaluations , and comparisons between different

composites formed from weights elicited via different methods. More recent

literature utilizing a criterion related notion of weight validity is also

reviewed. Mos t , if not all of the evidence presented by Slovic and Lichtenstein

(1971 ) suggesting that subjective weights are poor is reconciled. In addition

v irtually all of the more useful recent work on this topic suggests that the

concept of attribute importance is a psycholog ically meaningful one . That is ,

subjects usually give responses to direct subjective assessments of importance

weights that are both consistent (high convergent validity ) and accurate

(high criterion validity). There is some evidence indicating that the

psychological concept of importance is more closely related to the statistical
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notion of attribute validity (correlation) than to either the least-squares

regression weights (Schmitt , 1978) or the “proportion of variance accounted

for ” (Brehme r & Qvar nstrom, 1976; Schmitt , Coyle & Saari 1977; Slovic , 1969).
When problems with mu lti-col linearity and cross validation are taken into

account , few discrepancies between subjective weights and statistical indices

of importance (derived from holistic evaluations) were observed . Bases on

recent research , the conclusions reached by Slovic and Lichtenstein (1971)

are no longer justifiable , if they ever were. Unfortunately, their conclusions

have been generally accepted and widel y quoted (see Nisbett & Wilson , 1977;

Hamon , McClellan d , and Mumpower , 1978). Partially because of Slovic and

L ichtenstein ’s negative summary , there has been a shortage of research on

subjective weights as compared to that on statistical wei ghts (this v iew agrees

with that of Schmitt and Levine , 1977) . Finally , th i s reapp ra i sal of the

weighting litera ture is highly relevant to the current debate over the extent

to wh ich people are aware of their own cognitive processes. Serious doubt is

cast over that portion of Nisbett and Wilson ’s (1977) conclusions on this issue

which are based on Slovic and Lichtenstein ’s review .

11 .8.5. A Criterion Validation of MAU Weighting Techniques

John an d Edwards (l978b) proposed a research paradigm for comparing weight

estimates to empirically derived “true” weight , thus obtaining a measure of

the cri terion validity weight assessment techniques . In the approach , also

proposed and tested by Schmi tt (1978), subjects are firs t taught a MAU model

via mult iple cue probability learning and outcome feedback. Then , various

assessments of the importance weight parameters for the model attri butes

are obtained . The composites formed from these weight estimates are then

compared to composites formed from “optimal” statist ical weights derived

from the outcome feedback.
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Two experiments were conducted to assess the validity of severa l weight

assessment techn iques . In the first experiment, a four attribute MAU model ,

with zero environmental correlations among attri butes , was taught to ni ne

subjects. The regression , rank , and ratio weight estima tes all resulted in

composites which closely matched those of the true model; most subjects ’

weighting schemes were a great improvement over either equal or extreme weighting .

For three of the nine subjects , the rank and ratio assessments produced l ower

matching than did the regression weigh t estima tes .

In the second experiment , a tota l of eight subjects were taught one of two

four-att ribute MAU models , each involving substantia l attribute intercorr elations.

Both of these models were less explicit (more error variance) than the one

taught in Experiment I. A tota l of eight methods were employed in assessing

• subjects ’ importance weight s : OLS and ridge regression on holistic evaluations ,

OLS and ridge regression using ratio weight estima tes as validity coefficient

estimates, direct subjective ranking and ratio estimation , and the two Keenev-

Raiffa techniques of pricing out and trading off to the most important dimens-

ion. For the model involving one large positive correlation between two of the

attributes , all eight weight assessment methodologies produced equall y good

composites ; all compos ites derived from subjects weights corresponded to the

“true ” model composites better than simple heuristic rules such as equal

weighting and extreme weighting . For the model involving two rather large

negative intercorrelat ions among attributes , the results are inconclusive.

Al thought the statis tical weights were superior for one subject who seemed to

have learned the model wel l , the direct assessment and Keeney-Raiffa weights

were superior for two of the subjects who did not learn the model so well.

Only one subject produced valid weights across all eight assessment techni ques .
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The present research and findings are interesting from both an applied

and theoret ical pers pective . For the applied decision analyst , the work

by Schmitt (1978) and that reported in John and Edwa rds (1978b ) contributes

strong evidence for the assertion that the additive MAU model is a valid

perscript ive tool. The evidence that people can indeed provide direct sub-

jective estimates of importance weighting is an important component to this

asser tion. In most interesting problems , such as choosing a school deseg-

regation plan or siting a nuclear power plant , a large alternat ive set is

not readil y known a p~jori. In such applied situations , the feasibility of

most indirect holistic approaches to deriving importance wei ghts is in doubt.

Even if a reasonable large set of alternatives could be generated , in most

cases the number  of dimensions involved makes the task of holistic evaluation

of alternatives extremely difficult, if not impossible.

Altho ugh decision anal ysis is often h e l p ful in “getting your head straight ,

most anal ysts would like to think of themselves as more than therapists. The

overwhelm ing belief among most decision analysts is that these methods elicit

parameter estima tes of preference models that result in a normative choice

struc ture . That is , decision analysts believe that their clients should behave

in the manner suggested as optima l by the elicited choice structure . Althou gh

the stimuli used in the present study (diamonds defined on four dimens i ons)

and in Schm itt ’ s (1978 ) study (graduate applicants defined on four attri hutes~

are simplistic, and the acquistion of information about attribute importance is

contrived (feedback learning), the results sugges t that attribute importance

is a valid psychological construct. That people can make accurate estimates

of importance wei ghts in the laboratory setting is certainly a necessary condi-

tion for their being able to do so in the more complex and emotional settings

usually faced by a decision analyst and his clients.
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From a theoretical perspective, the results from the current study , and

Schmitt ’s (1978) study challenge Nisbitt and Wilson ’s speculations concerning

importance weights and prospective introspection. Subj ects were able to

provide importance weights predictive of their own holistic eva l uations in an

experimental setting for which there were no stored “rules ” for determining

judgments. The diamond appraisal policies in the present study were learned

indirectly, wi thout the intervention of verba l descriptions or formal ling-

uistic rule. Subjects demonstrated an awareness both of their own rules for

mak ing diamond appraisal , and of the criterion diamond model used to generate

the outcome feedba’k.

The present study suggests that an important future variable in weighting 
- -

researc h is the intercorrelation matrix of attributes . Al though the “true”

criterion model is more difficult to determi ne when attributes are intercorre-

lated , the application of biased regression techniques makes the task a

managea ble one . The results of the present study were moderately encouraging

for the novel hybrid weighting approach suggested by Newman (1977); further

research is needed however.

A possibly important intervening variable in the assessment of importance

weights is the amount of exposure subjects have to the “true” MAU model.

Also, the explicitness of the MAU model is another potential interven ing

varia ble. If the overall utility of the stimuli are not predicted well by

the attributes considered (high error variance), subjective weights may

not be so accurate . The level of experience of the decision maker , and the

strength of the relationship between attributes and overall utility are

concrete variables , often highly descriptive of specifi c applied settings.

The first variable relates to the notion of decision maker expertise , w h i l e

the second is a function of the defining characteristics of the decision

problem. Future research on weighting should systematically explore the
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ef fects of the number of trials of feedback learning and proportion of error

variance in the true model on subjective estimates of attribute importance.

The problem of group assessment of importance weights is yet an additiona l

to pi c for future research that has heretofore received little attention .

II .B.6. Sensitivity of importance weights to va lue ranges.

One of the implicit assumptions of any additive MAU model is that

importance weights are dependent upon the value ranges of the attributes .

Al though recent versions of Edwards ’ SMART procedure suggest that weights

be elicited with the value ranges of the individual attributes in mind , the

or iginal version required that importance weights be elicited prior to a

specification of the alternatives (Edwards , 1971). Otway and Edwa rds (1977)

further recommend a transformation procedure by which weights elicited with

one set of ranges in mind can be adjusted to accommodate the actua l set of value

ranges encou ntered . In two experiments , Gabriell i and von Winterfeldt (1978)

empirica liy investigated the assumption that subjects ’ imp ortance weights

are sensitive to the value ranges of the attributes.

I n the first experiment, single-attribute utility functions and importance

wei ghts were elicited from twenty-four subjects for two different decision

problems : Liqui fied natura l gas plant location sites and apartments. Each

decision problem consisted of five alternatives defined over six dimensions.

Each subjects ’ single-attribute utilities and weights were assessed twice.

The value range on one of the dimensions (environmental damage in millions

of dollars for the LNG problem and break-ins per year in the apartment prohlem~

was either increased of decreased between the two assessments. Since the

utility functions of both of the altered attributes are monoton ic , MAU model

axioms require that the weights on these dimensions be greater when the value

25



~~ -~~~~~~ - -- ~~~ -- - -  - -  - --~~~~~~~~~ - ---~~~~~-~~~~~~~~~~~~~~

ranges are greater. Results Indicated that subjects ’ weights were not ordi nally

consistent with the value ranges presented . For those subjects who were ordi-

nally consistent , the expected weight changes were substantially less than

would be expected from the elicited single-attribute utility curves.

There are three possible interpretations of this experiment. One could

conc l ude that the elicited importance wei ghts are not sensitive to the va l ue

ranges of the attributes , and are thus incorrect. Subjects may normally con-

sider in~1icit value ranges based on their own experience. This interpretation

would suggest tha t the psychological concept of importance weight is independent

of the value ranges of the attributes . A second possibility Is that the sub-

jects ’ utility functions over the altered attributes were misestin iated , and

tha t they are relatively flat over the altered range . If this were the case ,

one would expect little or no change in the weights. The deviations observed

would be attributable to random response error. A third explanation is that

both the single attribute utilities and the importance weights were correctly

determined , and that the observed inconsi stencies are nothin ci more than random

response error. “Expected wei ghts ” , calculated from the importance weights from

the first session , and both sets of singl e attribute utilities , are typic all~
wIthin .05 (weights normalized to sum to one) of the first session weight s . That

is , even if the utility functions are assumed to be absolutely correct, little

difference in the two sets of weights could be expected .

A second experiment was conducted to overcome the interpretation problems

manifest in the first. Sixty-nine subjects were shown “utility pro files ” of

three cars , defined on the two dimensions of gas mi leage and weight. In addition

to providing the location measures , the experimenter told the subject that

gas mi leage should be considered twice as important as weight. The subject was

then told to imagine that all of the values for the gas mileage dimension had

doubled . Half of the subjects were required to make a forced choice between in-
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creasing or decreasing the importance weight ratio , while the other half were

given the additiona l response option of no change.

Since the location measures given for both ranges of gas mileage indi-

cate that the experimenter is linea r in utility across the entire va lue range

from 10 to 60 miles per gallon , one would expect that Subject would provide

new weights whose ratio was 4 to 1 , or twice that given origina lly. Of the 34

subjects allowed to specify no change, over two-thirds did so. Eight of the

ten remaining subjects correctly specified an Increase in the weight ratio.

In the forced choice condition , only about one-third of the 35 subjects cor-

rectly specified an increase . Apparently, subjects could not even specify

importance weight ratios ordinally consistent with value ranges in a two-

attribute linea r utility decision setting.

It should be emphasized that no subjects ’ utilities or weights were

• actually assessed in this second experiment. The numbers provided by the ex-

perimenter as utilities and weights precisely determine a “correct ” response

for the experimenter ’s adjusted weight ratio. In essence, the subject has been

asked to work a hypothetical MAU problem , sim ilar to an exercise in a textbook.

The task resembles oreof puzzle solving much more than one in which a subjec-

tive quantity (importance wei ght) is elicited . There is a distinct difference

between subjects giving importance weights which are sensitive to value ranges

and subjects having an intuition for the analytical properities of MAU theory .

It is questionable whether the first issue was addressed in this experiment

at all.

Although the results of Gabr ielli and von Winter feldt’s (1978) investiga-

tion are suggestive , further empirical research is clearly warranted. The find-

ing that “importance ” is a range insensitive concept would pose a major problem

to the SMART Procedure. Two alternative solutions would be possible: In the first
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the term Importance would be given up altogether .and substituted by cross

attribute relat ive value or Indifference judgments (Kenney and Ra i ffa , 1976),

in the second Importance judgments wou ld be made independently of ranges and

ranges would be defi ned to cover a “p l a u s i b l e ” set of alternatives rather

than the available set.

The firs t solution is simple and can easil y be implemented with only

mi nor rewording of th~ weighting procedure. The second solution requires eli-

citation of accurate “imp licit value ranges” for each attribute. Of course,

the interpretation of the MAt.) model and the role of weights as rescaling

factors remains the same. The decision maker ’s implicit value ranges are

simply substituted for the actual value ranges of the available alternatives.

Whether either of these alterations of SMART are necessary is the topic of

further research.

I
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on two major topi cs; assessment of subje ctive probabili ties andm ult ia t t r i b u t e  u t i l i t y  theory , is d i s c u s s e d .  E> .per i r - ~~r~~~~~ wor k
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‘ expe rim enta l work in dicated that for both continuous and descrete
variables simp le averaging of I ndivid ua l ’ s probability jud om ents
to form a gro up judgment did not diff er significantly from be-
havioral interac tion In final quali ty of the judgments as e~ al-
uated by a quadr atic scoring ru le. Several exper iments in Ut
area of assessing small probabilities serve to show that judc-
ments of these small number s are of s tr i c k in glv low qu ali t~~. Use
of both the marker events technique and sever al c or p uter prc’°r~ --
a~ ds have not substan tially improv ed these ju d c re rt s. --

• Our examination of the tradeoff between mode lin g error ~r c
judgmental error indicates that three forms øf error effect
util ity e l i c i t a t i o n :  model , specificati on , judgmental bias and
random judgmenta l  e r ro r .  In a s imu la t i on  study the r e l a t i v e
effects and the tradeoff s between these three are examined. In
an e~ pe ni m enta l study the sensitivi ty of subjects to the ran ge
~~c alternatives is examined and it was found that Subjects are
not a p p r o p r i a t e l y  se n s iti ve to that range .

The validity and reliability of m ult i attr i bute u t i l i t y  prc-
cedu res were exa m ined i n  four studies. The first tested the u n ~ie’-
l y i n ~ assumption of m ul ti a t tr i bu t e uti l ity e l i c i t a t i o n , i . e •,
‘d i v i d e  and conquer ” . Using a bank credit scc ’r~ n g model as a
v a l i d a t i o n  c r i t e r i o n , it was found that use of a ,r u lt i a tt r ~ t’~~~epr o ced u re led to group judgments th at more hi gh l y correlatec ~ i t r :
the ou t ~-u t of the bank model than di d unaided h o l i s t i c  ~~~~~~~~~~~~~~~~~
The sec on d study examined several mu l t i a t t r i b u t e  u t i l i t y  eli ~~’-tati or p ro cedu res in a test -retest r e l i a b i l i t ~ e xan in a ti c ’ r .
Res~ i t s indicated , as exp ected , that the more s i r p l e  pro ce th~’ectended to provided more reliable judgments. The thir d st u ds r~~~ - p

• viewed the existing literature on subjective and o h 3 e cti v e
• weighting of importance dimensions. Strong evidence w as fc’ur~ t~:a~s u b j e c t i v e  w e i g h t s  were  v a l i d  in bo th  a d e s c r i : t i ~~e se n :~e ~~~~~~~~~

descr iption) and a no rma t i ve  sense  (bo th  w h e n  c o m p a r e d  w :t~
statist ical weights derived from the subjects h o l i s t i c  3u dc r- r r t~
and a cr iterion when one was availabl e). The fourth stu d s was a’
e’n - - r i c a l  v a l i d a t i o n  of a criterion e s t a b l i s h i n g  tec h’ — ’qu e.
‘ave de~ e loped a variat ion of t h e m u lt i p le cue prot ’ a~~’ ’ i t ~l e a r n i n g  t e c h n i q u e  t ha t  a l l o w s  us to t e a c h  s u h :e c t s  a ut~~i i t~f u n c t i on.  V a l i d a t i o n  of u t i l it y  e l i c i t a t i o n  p r o c e d ~~re c  i c  t~’~- -

~-
~cre possible. We have tested this p ro ce th re and ~c’u n~ i~

- ~- . c r k a ~~ e and u s e f u l .  
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