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Social Science Research Institute
University of Southern California

Los Angeles, California 90007
213-741-6955

The Social Science Research institute of the University of Southern
California was founded on July 1, 1972 to permit USC scientists to bring
their scientific and technological skills to bear on social and public policy
problems. Its staff members include faculty and graduate students from
many of the Departments and Schools of the University.

SSRI’s research activities, supported in part from University funds
and in part by various sponsors , range from extremely basic to relatively
applied. Most SSRI projects mix both kinds of goals — that is, they con-
tribute to fundamental knowledge in the field of a social problem , and in
doing so, help to cope with that problem. Typically , SSRI programs are
interdisciplinary, drawing not only on its own staff but on the talents of
others within the USC community. Each continuing program is composed
of several projects ; these change f rom time to time depending on staff
and sponsor interest.

At present, SSRI has six programs :

Program for research on crime control. Typical projects include
evaluation of a federal program for decriminalization of juvenile status
offenders ; and development of an inventory of the contents and quality
of the information held by criminal just ice agencies in Los Angeles
County.

Pr ogram for the study of dispute resolutio n policy . Typical projects
include collection and analysis of national statistical data concerning the
size, cost, and performance of present dispute resolution systems in six
other countries ; and detailed study of some 30 alternatives to present
U.S. criminal justice procedures.

Program for research on desegregation. The present goal of this
program is to study the effects of language , physical attractiveness, and
community contact on acceptance of minor ity children in white schools
and on their scholastic performance.

Program for researc h on decisio n analysis. Typical projects include
study of elicitation methods for continous probability distributions ; and
development of a multi-attribute utility measurement method for eva!-
uating social programs.

Program for researc h on rights of the mentally ill. This program is
studying procedures used in Los Angeles Courts to determine whether a
non-criminal mentally ill person is sufilcient ly dangerous to others or to
himself to justify his involuntary custodial confinement.

Program for data research. Typical projects include development of
techniques for estimating small-area population sizes between censuses ;
and development of crime indicators for use in criminal ju stice system
planning.

SSRI anticipates that new programs will be added and old ones will
be redefined f rom time to time. For further information , pu blica tions,
and the like, write or phone the Director , Profemor Ward Edwards, atthe addre~ given above.
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Summary 1 j
This report summarizes 15 months of research on the

tec hnology of in fe rence  an d decision , includ ing topics such
as measur emen t an d va lid at ion of mu lt i a t tri bute ut il ities ,
e qual weight s in mu lt ia t t r ibute  util i t y  mo dels , group processes
for probability and utility assessment , assessing very small
probabilities , an d the e f f e c t s  of res ponse scales on judgments
of uncerta inty . Research on these , an d other , topics is
re porte d in eight techn ical re por ts , summar ies of wh ich are
included at the end of this report. Here , we ex pla in how
research on these specif ic  topics in tegra tes  into an overal l
program of research .

The maj or themes of our research are guided by d i f f i c u l t i e s
encountered in the appl icat ion of decision analytic technique s
t o rea l —wor ld  decision problems.  Probably the most important
theme is the validation of multiattr ibute utility models and
assessmen t procedures. All multiattribute utilitie s depend
on two fac tors :  the spec if ic mo del used an d the ex pert
judgments provided as inputs to the model . We believe a
tradeoff between errors in these two factors determines the
val idity of the resulting utilities. Simpler models that
are more likely to misrepresent “true ” pr eferences require
fewer an d sim pler judgmental  in puts , there by re duc ing the
judgmental error .

We nave used both experimentation and sim ulation to
f ind where these errors  exist , how ex tens ive  they are , and
how they a f f e c t  the f inal  evaluat iv e process.  An experimental
s tudy compared preferences  expressed by subjects  wi th  those
predi cted by var ious  m u l t i a t t r i b u t e  u t i l i t y  models and found
the preferences consistently violated the additiv e model.
8ut the additive model cannot be rejected because its use
may reduc e the judgmental error in the utilities.

Simula t ion has also prove d to be a useful  tool for
investigating the validity problem . It allows us to define

• “ t r u t h”  and compare var ious  approximat ions  to the def ined
t r u t h .  To date , we have focussed pr imarily on comparing
add i t ive  models wi th  eq ual and differential we ights. Models
with  equal we ights approx imate d i f f e r e n t i a l ly  we ighted models
quite well when the i n t e r— a t t r i b u t e  correla t ions  of choice
alternatives are all positive. However , when many of these

• co r re la t ions  are negat iv e , the  typical case for m ult i a t t r i b u t e
choice problems , the approximat ions  are no longer very  good .
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The secon d t heme of our research , the  assessment of
group probabilities and utilities , developed from problems
encountered when groups rather than single individuals function
as decision makers. Theoretical results indicate no completely
satisfactory method exists for combining the individual
probabilities and utilities of group members into group
probabilities and utilities. We have reviewed the advantages
and disadvantages of both mathematical and behavioral methods
that have been suggested for forming thes€ group judgments.
In the probability domain , sim ple avera ging seem s to be the
most practical mathematical approach. Behavioral approaches
depending on structured communication and/or interaction
among group members also appear to be useful . The use of
mu lt ia t t r ibu te ut ility measur ement may re duce di sagreement
about utilities. One particular form based on a simple
multiattribute rating technique , SMART , has been use d successful ly
in several contexts where “public ” va lues were neede d for
dec ision making .

The f inal theme of our researc h is the elic ita t ion an d
quantif ication of uncertainty. Much of this research is
or iente d towar d f in d in g pract ical solut ions to problem s
exposed by pr evious research .  We conducted  th ree  expe r imen t s
examin ing  biases in d i f f e r e n t  s i t ua t i ons  r e q u i r i n g  jud gments
of uncertainty and how different elicitation procedures
could reduce those biases. One experiment investigating the
effects of response scales on odds judgments indicated that
responses on logarithmically spaced scales were more veridical
t han res ponses on linear ly  spaced scales or sim ple wr it ten
responses with no scale. A second study confirmed the existence
of several biases in assessed subjective probability distributions.
The extent of these biases was dependent to some degree on
the procedure used to elicit the distributions. Another
s tu dy suggested tha t  a new ty pe of judgment  m ight be used to
reduce conservatism in probabilistic information processing .
Poster ior odd s calcu late d via Baye s’ Theorem from subjects ’
judgments of “average certainty ” were very nearly ver idical .

The assessment of very small probabilities has become a
pr imary concern under this theme . We have identified a
proce dure us ing “marker ” even ts t hat we bel ieve ma y b e a
v iable alternative to fault trees and direct judgments currently
in use. An extensiv e program of experimental research may
be necessary to develop this method .

ii
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I. In troduction

This Final Report summarizes the work by the Social
Sc ience Researc h Inst itute , Un ivers ity of Sout hern  Cal if o r n ia ,
on subcontract P. 0. 75—030—0711 from Decisions and Designs ,
Inc., prime contract N000114-.76—C—0O714 from the Advanced
Research  Pro jects Age n c y ,  monitored by the Engineering Psychology
Pro grams , Off ice of Naval Research. The research conducted
during this contract period from July 1 , 1975 to September
30, 1971 under the direoticr of Professor Ward kidwards , the
Pr inci pal Invest igator , was par t of an on going pro gram of
Research on the Technology of Inference and Decision. Edwards
(1973, 1975) summarizes previous research.

The pr oposal leadi ng t o th is su b contract  cal led for
research  on f ive specif ic to pics: measur emen t an d val id a tion
of multiattribute utilities , equal weights in multiattr ibute
utility models , group processes for probability and utility
assessment , assessing’ very small probabilities , and the
effects of response scales on judgments of uncertainty. Our
research  on t hese , an d other , topics is reported in eight
techn ical r epor t s  which have been pro duc ed or are now being
prepared . Summaries of these technical 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
techno logy. Thus , we do not report in detail findings that
are set forth in the self—contained technical reports. Only
major findings are reviewed along with ongoing research and
f u t u r e  research poss ibil it ies suggested by our cu r ren t researc h .
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II. A Technical Overview

The major themes of our research are guided by difficulties
encountered in the application of decision analytic technique s

• . to real—world decision problems. Although all the research
is applications—oriented , both theoretical and pragmatic
questions are addressed . The first , and ‘we feel most important ,
theme is the validation of’ multiattribute utility models and
assessment procedures. We nave considered several quite
divergent , although related , approaches to this topic ranging
f r om measur in g goodness of’ approximation via simulation to
testing the behavioral assumptions underlying various models.

The second topic of research comes as a response to the
question of now groups should make decisions. The practical
importance of this question is obvious , yet no ent ir ely
satisfactory answer is known . We feel sur e that groups ,
like indiv iduals , should make decisions on the basis of
probabilities and utilities. But how are group probabilit ies
and utilities to ~e determined? We have reviewe d the current
state—of—the—art looking for useful guidelines.

Our f inal to pic of resea rc h , the elicitation and quantification
of uncer ta in ty , has been studied longer than the other topics ,
and so , though equally important , seem s m ore fam il iar an d
perhaps less puzzling. One particular area of this research
that is new and exciting is the assessment of very small
probabilities. We hav e explored how judgments expressing
uncertainty can be obtained in a variety of uncertain situations ,
and the effects of the elicitation procedures on these judgments.

iI.A. Validation of Multiattribute Utility Models and Assessment
Proc ed ures

As the development and appl ication of multiatt ribute
ut il ity mo dels nas b ecome prom inent  in dec ision ana lysis,
the problem of how to validate tnese models has become very
pressing . Do the utilities that are the outputs of suc h
mo dels actual ly re presen t the pre fe rences  of’ the d ec ision
ma ker who has been modeled? Since there are no known “true ”
utilities against which to compare the utilities of’ the
model , no simpl e so lu t ion  to t h i s  prob lem e x i s t s .

h u lt i a t t r i b u t e  u t i l i t i e s  depend  on two f a c t o r s :  the
specific model used and the expert jud gments provided as
inputs to tne model . Each of these factors contributes to
the validity of the resulting utilities. Either or both may
be erroneous  to some degree.  We nee d to know when b o th
modeling error and judgmental error occur , how severe the
e r ro r  is , and u l t i m a t e l y ,  whether  or not  the error  make s a
d i f f e r e n c e  in the decis ion  making  process.

2



II.A. 1. Behavioral tests. Our research suggests partial
answers to some of these questions . For example , one way of
determining whether a given model is appropriate or not is
to test the behavioral implications of the model . Different
models imply different preference patterns. Comparing model
predictions with actual preference patterns can show which
models the preference patterns violate. Note , however , that
this is a one—sided test: models can only be shown to be
w r o n g , but never proven to be correct.

von Winterfeldt (see summary No. 5), using this approach ,
compared the appropriateness of several models in a risky -

•

~nu1tiattribute choice situation. His most notable finding
was a consistent violation of the independence assumption
t hat is necessary for t he pre fe rences  to be cons istent w it h

• the additiv e model. Subjects consistently expressed what
has been termed multivariate risk aversion; that is, a pre ference
for gambles with outcomes more or less balanced across attributes.
For e-’am ple , with two—attribute outcomes subjects pr eferred
gambles in which they could win something in both attributes
to gambles in which they could win a lot in one attribute
an d noth ing in the ot her .

These results would seem to indicate that the additive
model is inappropriate in choice situations such as those
studied by von Winterfeldt . However , before rejecting the
additive model , several questions must be answered . First ,
t he ex pressed pr e fe rence s of’ the su bjects tha t  v iolate d the
additive model must be shown not to be the resul t of judgmental
error . As von Winterfeldt points out , two t ypes of e r ro rs
may make the data uninterpretab le or meaningless: inconsistency
in preferences or the use of simplifying strategies that are
cons istent bu t do not actual ly re present  t he pr e f e r ences o f
the subject. von Winterfeldt indicates that neither of
these problems are apparent in his data.

A secon d quest ion is how genera li za bl e are t he r esul ts.
If the preference patterns expressed by subjects in this
ex per iment  are not sim ilar to pre fe rence  pa t tern s in a w id e
var iety of’ choice situations , the lack of generalizability
woul d restr ict t he usefu lness  of the f in di ngs. How ever , the
subjects in this study did exhibit preference patterns that
are  character ist ic of many c hoice situat ions:  name ly ,  marginally
decreasing single attribute riskless utility, non linear
tr a d e o f f s  between a t t r ibutes , and risk aversion. Therefore ,
similar preference patterns can be expected in situations
where t hese character ist ics are ev id ent  sugges ting tha t the
additiv e model is not appropriate in a wide variety of contexts.

- 

- 
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A fi na l cons ider at ion m u s t  be the cons eq uences  of us ing
t h e  additive model when it is inappropriate . At first , this
seems a rather unusual question. Assuming there is some
other model that has not been shown to be inappropriate , why
even consider using an obviously inappropriate model? The
pro b lem however , is not that simple . The reason for considering
use of’ an inappropriate model is that it may reduce the

- 
- judgmental error entering into the resulting utilities . For

exam ple , the additive model requires fewe r judgmental parameters
than most other multiattribute models. Assuming there is
som e judgm e n t a l e r ro r  in all  pr e f e r e n c e  judg men ts , reducing
the number of’ judgmental parameters should reduce the total
judgmental error. The question , t hen , is whether or not the
r ed uce d judg men tal er ror  com pensates  for the mo deling error .
As models become less likely to be inappropriate , t hey b ecome
more complex both mathematically and in the judgmental inputs
necessary. Thus , the tradeoff ’ between model appropriateness
and judgmental error seems likely to rang e over the entire
range of’ possible models. Just what this tradeoff’ is , and ,
therefore , which model should be used in a given situation
remains to be worked out.

II.A .2. Simulation and_~~Drox imation. The use of
simulation to show the goodness of approximations is another
approach we have taken to investigate whether modeling and
judgmental errors make a difference in decision making .
Newman , Seaver , and Edwards (see summary No. 3) have developed
a general purpose simulation technique that can be used to
explore a wide variety of’ questions. Many of our ideas grew
ou t of some analytic work by Einhorn and Hogarth (1975) and
Wainer (1976) showing that under certain very broad conditions ,
linear models with equal weights would predict as well or
nearly as well as linear models with we ights derived through
multiple regression. These findings aroused our curiosity,
since the form of multiattribute utility measur ement advocated
by Edwards and his colleagues (see Edwards , 1972) includes
use of’ an additive model with the same mathematical form as
the  m u l t iple regress ion mo del: t he sum of single a ttr ib u te
utilities weighted by the importance of the attribute. The
obvious question is: if equal we ights work in a multiple
re gress ion mo del , woul dn ’t they also work in a rnu1tiatt ribut ’~
utility model. Should the answer to this question be yes ,
judgments of the importance of each attribute would no longer
be necessa ry ,  el iminating one possible source of judgmental
error . Again the question is one of trading off modeling
error with judgmental error.

The first stimulation study by Newman et al. served as a
test of’ tne general simul~’t ion process. In it , we com pare d
the predictive ability of equal we ight models with differential
we ight models in which the we ights were derived by multiple
regression. As expected , the differential we ight models
out performed the equal we ight models , although only slightly.

14 
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The difference in pred ic t iv e a b i l i t y  decreased as sample
sizes decreased and as measur ement  error  was added to the
independent and dependent variables. We must note , however ,
t hat t he con di t ions of th is simula t ion were  t he most  favora b le
poss ib le for t he re gress ion we igh ts:  norma lly dis t r ibute d
predictor variables , relatively large sample sizes , mo dera te ly
hig h pos i t ive  i n t e rco r r ela t i or is among p r e d i c t o r  var iab les ,
an d a small num ber of pre dictor var iab les ( 3 ) .

Althou gh the formal models are the same for multiple
• regression and additiv e multiattribute utilities , t her e are

certa in differences. For example , no cr iter ion ex ists aga inst
which to compare the output of the multiattr ibute utility
model. In addition , mos t of the above men t ione d var iable s
that characterize situations where additiv e models with
weights estimated via multiple regression will work well are
not  usua lly foun d in cho ice situa t ions where  mul t ia ttr ibu te
ut ility models are used . The distribution of alternatives
on each attribute will not typically be normal. Often the
num ber of alternatives (sample size) will be small. The
intercorrelations among the attributes will necessarily be
negative on the average , i f ’  onl y admis s ib l e  a l t e r n a t i v e s  are

- 
- considered .

Thus , in order  to get a be t t er un ders tan di ng of how
equa l we ights might work in niultiattribute utility models ,
we conducted a second simulation study. This study compared
three two—attributed models: an equally we ighted additiv e
mo del , a differentially weighted additiv e model , and a differentially
weighted model that included a cross—produc t term in addition
to the additive term of each attribute. Consequently, we
could look at not only approximating differential we ights
with equal we ights , but also at approximating a nonadditiv e
model by an additive one with either equal or differential
weights. In addition , the effects of both positive and
negative correlations between attributes were examined . The
resul ts wit h a pos it ive in te rco r r e l a t i on , as ex pecte d , showe d
t he equal we ight  addi t ive mo del to be a very  goo d app rox imat ion
to the differential we ight additiv e model . Both additiv e

• mo dels were quite good approximations to the nonadditiv e
model when the cross—produc t term had a relativel y low weight
compared  w i th  the add i t iv e t e rms .  However , as the re la t ive
we ight  g iven  the c ross—produc t term increased , b o t h  add i t iv e
app rox ima t ions  worsened w i t h  ne i t he r  seeming to be be t t e r
than the other.

The r e su l t s  w i t h  a negat ive  i n t e r c o r r e l a t i o n  were  s t r i k i n g l y
d i f f e r e n t .  The a p p r o xi ma t i o n s  were all cons ide rab ly  worse
than  they had been w i t h  a pos i t ive  i n t e r c o r r e l a t i o ns .  As
the  d i f f e r e n t i a l  we ights  in the add i t iv e model  became more
d i s s imi la r  ( 2 : 1  r a t i o  of l a rger  to s m a l l e r)  the equal we ight
a p p r o x i m a t i o n  became very  poor .  Moreover , n e i t h e r  a d d i t i v e
model  approx imated  the  nonadditive model well with the equally
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we ighted model being slightly worse . This simulation pointed
to t he ne ed for fur t her stu dy of the use of equal we igh ts in
mult iattribute utility models. All previous investigations ,
bo th  a n a l y t i c  and s i m u l a t i o n , considered only the  case of
positive intercorrelations am ong attributes. Our study
showed that negative intercorrelations greatly change the
r e s u l t s .

Newman (see summary No. 1!) followed up the simulation
studies by comparing we ighting schemes in a realistic choice
setting . The Automobile Club of Southern California has a
Tar get Car pro gram wh ic h uses a proce dure sim ilar to mu l t ia ttr i bute
u tili ty measur ement to ra te  how wel l au tomo bil es meet  an
optimal design. Newman compared the Automobile Club rankings
with a model that gave equal we ights to the eleven attributes
defined as important by Auto Club engineers and members.
Na tur al ly , there were negativ e correlations among many of
the attributes; for example , between  lar ge in ter ior size and
smal l  e x t e r i o r  size . The r e su l t s  of this stud y showed that
the equal weight model would lead to somewhat different
rankings of the automobiles considered . Although , the ran kings
were not too dissimilar (rank order correlation .77),
di f f e r ences  were su b s tan t ial enou gh to suggest use of t he
equal we ight model might bring about the choice of an automobile
with less utility than the one ranked best by the Auto Club.

• In par t icu lar , the automobile ranked first by the equal
we ight model tied for eighth in the Auto Club rankings.

Our studies of’ approximations have just scratched the
• sur face of the work that needs to be done on this topic .

For exam ple , mos t of t he prev ious wor k, ours inclu d ed , has
depended on correlations as the measur e of goodness of approximation.
A l t h o u g h  th is  is a good measur e of ove ra l l  s i m i l a r i t y , i t
may not  answer the real quest ion wi th which we are concerne d :
what is t he loss in ut il ity? New measures nee d to be tr ied
an d simu~at ion will allow us to try them . Using simulation
we can def ine “trut h” an d show just how muc h util ity woul d
be lost by us ing  va r ious  a p p r o x i m a t i o n s  in di f f e r e n t cho ice
situations.

In ad di t ion , we need a muc h more thorough analysis of
the effects of inter—attribute correlations , an d a com par ison
of additiv e models with a much wider range of n o n a d d i t i v e
mo dels. A to p ic tha t we hav e not yet ex plored is the use of’
l i n e a r  a p p r o x i m a t i o n s  to n o n l i n e a r  single attribute utility
f u n c t i o n s .  Fischer  ( 1972)  repor ts  some r e su l t s  tha t  sugges t
suc h appr ox ima t ions  may be q u i t e  good . We hope to i nves t i ga t e

— t h i s  f u r t h e r , s ince , aga in , e l i m i n a t i o n  of the j u d g m e n t s
necessary  to der ive  the shape of the s ingle  a t t r i b u t e  u t i l i t y
c u r v e s  would reduce  the poss ib i l ity  of j u d g m e n t a l  e r ror .

_ 
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As we began our inves t iga t ions  of app rox ima t ions , we

envis ioned the simplest of all possible multiattribute utility
models as being one in which people had to judge only w h e t h e r
an a t t r i bute  con t r ibu t e d pos it ive ly ,  negatively, or not at
all to the overall utility and the best and worst feasible
outcomes on each attribute . These judgments could then be
used to determine an overal l utility for each alternativ e
using linear single attribute utility functions , an additive
mo del , and equal we ights. Our work has suggested that suc h
an ap proximation may not really work in a variety of situations ,
but we still believe that some degree of approximation is
useful in most inultiattribute models , and will continue
working to show what types of approximations will work in

4 which situations.

Althoug h simulation is a very useful tool for studying
appr oximations , it obviously cannot cover every possible
situation. Therefore , a formal analyt ic t heory woul d be
very useful , not only to pr ov ide guidelines for using approximations ,
b u t also to prov ide some un if icat ion to t his divers if ied
collect ion of ideas. To date , very  l i t t l e  has been done
analyt ically that is of practical use. Fishburn (1976) has
made an important first step in showing how formal mathematical
app rox ima t ion  theory can be applied . We plan to cont inue
e f f o r t s  along these l ines .

II . b .  Assessment  of’ Group Probabilities and Grouo Utilities• G roups  r a the r  than individuals often serve as decision
makers. Believing as we do that decisions should be made to
max imize expected utility, this means that the probabilities
and utilities of the decision making group must be determined .
A single set of’ probabilities and utilities that somehow
r ep re sen t  the th ink ing of the grou p mem bers is needed .
Certa inly, all mem bers of the group will not agree , so the
problem becomes how to ag gr egate the diverse  opin ions  in to  a
single “ group  op in ion ” tha t  r e p r e s e n t s  all group  members ,
and , moreover , is acceptable to the group as a basis for
making decisions.

The ma thema t i ca l  and social psychological  d i f f i c u l t i e s
of th i s  process are well  known . Mathemat ica l  problems ar ise
when  the obv ious  approach of using some m a t h e m a t i c a l  c o m b i n a t i o n
ru l e  ( for exampl e , averag ing ) is t r ied . Arrow ( 195 1) has
pr oved a theorem s t a t ing  t h a t  there  is no suc h ru le  for

-

• c o m b i n i n g  i n d i v i d u a l  preferences  (u t i l i t i e s)  in to  a g roup
pre fe rence  that  sat isf ies  a set of reasonable and des i rable
cond i t ions . A s imi lar  theorem was pr oved in the p r o b a b i l i t y
domain  by Dalkey ( 19 7 2 ) .

7
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Social psychological difficulties produce problem s when
benavioral methods are used to arriv e at group probabilities
and utilities (Collins and Guetzkow , 1964). Dominance by
c e r t a i n  g roup  m e m b e r s  because of pe r sona l i t y  or s t a tus  may
con trol tne group output. Or the group may worry more about
achieving an agreement than about the quality of the judgment.

Seaver (see summar y t’~o. 2) has reviewed the advantages
and d i s a d v a n t a g e s  of several  poss ib le  me thods  for fo rming
g r o u p  p r o b a b i l i t i e s  and utilities. Other questions that
m ign t  ar ise  in t t ie g r o u p  dec i s ion  m a k i n g  con tex t  are also
d iscussed . For example , even  if a s ingle  i n d i v i d u a l  serves
as the  dec i s ion  maker , he or she w i l l  o f t en  cons ider re ques t in g

- 
- advice  fr om one or more  i n d i v i d u a l s  in the form of probabilities

a n d / o r  u t i l i t i e s,  in suc h a s i t u a t i o n  the decis ion  m ake r
would  w a n t  to know if a g roup  is more  l i ke ly  to provide
probabilities and/or utilities that are  in some sense “b e t t e r ”
than those provided by a single individual . Although little

• is known about individual versus group judgments of probability
and u t i l i t y ,  r esearc h on ot her ty pes of human judgmen ts
s u g g e s t s  t h a t  g r o u p  j u d g m e n t s  wi l l  gene ra l ly  be “b e t t e r ”
than  i n d i v i d u a l  j u d g m e n t s .

I i .i3 .1 .  Orou D orobab i l i t i e s .  The ques t ion  of how to
a r r i v e  at group probabilities is in some sense easier to
answer than the same question for utilities. To begin w i t h ,
more  d i s ag reemen t  can r ea sonab ly  be expected in i n d i v i d u a l
u t i l i t i e s  than in i nd iv idua l  p r o b a b i l i t i e s .  P r o b a b i l i t i e s
shou ld  be genera ted  by da t a  and exper t i se . At a philosophical
level , di f f e rences  in pro bab il ity assessmen ts shoul d be

-
- -~ resolved by accep t ing  the j u d g m e n t  of the person w i t h  super ior

- -
~ expe r t i s e  or access to be t ter  da ta , even  though  prac t icall y

ascerta ining the extent of expertise will be difficult. No
suc h resolut ion seem s to ex ist for ut il ities , although , as

• note d lat er , certa in as pects  of util ity assessment shoul d
- -; poss ib ly  depend  on exper t i se .

Even at a more  p rac t i ca l  level , the  d e t e r m i n a t i o n  of
g r o u p  p r o b a b i l i t i e s  has an advan tag e in t h a t  more  o b j e c t i v e
me thods  of v a l i d a t i o n  ex i s t .  For example , g r o u p  p r o b a b i l i t i e s
d eterm ine d by d ifferent  metho ds can be cal ib rate d aga inst
what actually occurs. In addition , probabilities can be
assessed in s i t u a t i o n s  for  which  an appropr iate ca l cu l a t i on
based on a known data—generating process yields the “right”
a n s w e r .  ~o s imi lar  ob j ec t ive  v a l i d a t i o n  methods  are ava i lab le
for judging the quality of group utilities. Because of’ the
known theoretical difficulties in d e t e r m i n i n g  g roup  p r o b a b i l i t i e s
and u t i l i t i e s, these  measures  of q u a l i t y  become very important
in deciding by what procedures group probabilities should be
d e t e r m i n e d .

a
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Two genera l  approaches  to a r r i v i n g  at g roup  p r o b a b i l i t i e s
have been suggested : mathematic al approaches In which the
p r o b a b i l i t i e s  of i n d i v i d u a l s  are combined m a t h e m a t i c a l l y
in to  a g r o u p  p r o b a b i l i t y ,  and behav iora l  approaches  which
depend on i n t e r a c t i o n  and commun ica t i on  among i n d i v i d u a l s  to
arr ive at a consensus probability or at least reduce disagreement.
Of the f ive ma th emat ica l app roaches rev iewe d by Seaver , the
simplest and most widely used is the we ighted linear combination;
that is , averaging . Because of its simplicity , its general
acceptability to groups , and the lack of’ research showing
th a t any of the otner app roac hes are bet ter , this is probably
the most feasible of the mathematical approaches.

A l t h o u g h  a wide  range  of b e h a v i o r a l  app roaches  a re
possible , two hav e been the subject of considerable research
and actual use . Both the Delphi method and the nominal—

• g r oup  method depend on well—structured communications to
transm it information among group members. This
c o m m u n i c a t i o n  should , and u s u a l l y  does , increase  agreement ,
but will not usually resul t in a consensus. Therefore , some
mathematical combination rule must still be used . The
pr imary d i f f e r e n c e  be tween  the two technique s is that the
nom inal—group method uses struc tured face—to— face
interaction to transmit information among group members ,
w h i l e  the D e l p h i  me thod  rel ies  on written feedback without
group  members  ever directly interacting . The scant research
that has been done to date com paring these two methods for

• eliciting group probabilities tends to favor the nominal—
group technique . Obviously, more research is called for
b e f o r e  any w e l l— e s t a b l i s h e d  guidelines concerning how to
determine group probabilities will be available .

1L8.2._ Group util ities. Several formal procedures
• f o r  combin ing  i n d i v i d u a l  p r e f e r ence  or u t i l i t y  f u n c t i o n s

into a group function were also reviewed by Seaver. All
suf fere d f rom som e di sad vant age suc h as ve ry  res t r icted
a p p l i c a b i l i t y  or v i o l a t i o n  of Pare to  o p t i m a l i t y .  Edwards
(see summary  No .  2) has suggested a more  heur ist ic approac h
to d e t e r m i n i n g  “ pub l i c ” u t i l i t i e s  based on a s imple
m u l t i a t t r i b u t e  r a t i n g  t e c h n i q u e  ( S M A R T ) .  Two t ypes of
j u d g m e n t a l  i n p u t s  are needed fo r  SMA R T:  r a t i n g s  of the
u t i l i t y  of a l t e r n a t i v e s  on each single attribute and ratio
j u d g m e n t s  of the impor tance  of’ each a t t r i b u t e .  Single
a t t r i b u t e  u t i l i t i e s  can o f t en  be de te rmined  by ob jec t ive
i n f o r m a t i o n  or , if  not , they  should  be d e t e r m i n e d  by the
j u d g m e n t s  of a p p r o p r i a t e l y  selected e x p e r t s .  T h e r e f o r e ,
d i f f e r e n c e s  in these judgments  will usua l ly  be pr imar ily
d i f f e r e n c e s  in exper t i se . If real exper ts  have been
selected for  these j u d g m e n t s , suc h d i f f e r e n c e s  should  be
r e l a t i v e l y  smal l  and u n i m p o r t a n t .  When large d i f f e r e n c e s
e x i s t , t h e y  should  be resolved in the m a n n e r  in wh ich
d i f f e ren c e s  in expe r t i s e  are u sua l ly  reso lved : n a m e l y ,  by
u s i n g  the  j u d g m e n t s  of the best  e x p e r t ( s) .  

• 

-~



Real an d im por tan t  d if ferences  in ut il it ies will
u s u a l l y  be exh ib i t ed  in the importance weights. SMART
a l lows suc h di f fe rences  to be ex pl icit ly known an d
discussed . By focussing on the exact nature of
d i sag reemen t , s t r o n g l y  professed d i f f e r e n c e s  in op in ion  may
be muc h reduced .

Edwards  rev iewed th ree  examples  of how SMART has been
use d to determ ine pub lic values  in t he evaluat ion of
bu ildi ng perm its in t he Cal iforn ia coastal zone , possible
research program s in the Office of Child Development , and
water quality for fish and wildlife and human consumption.
Pro bab ly t he most  str ik ing exam ple of how SMART can re duce
disagreement about values came in the building permit
exam ple taken fr om Gar diner ’s (19714) PhD dissertation. This
exam ple compared the evaluations of two groups. One group
consisted of self—reported conservationists , while members
of the other group tended to be more development oriented .
When holistic , i n t u i t i v e  eva lua t ions  of b u i l d i n g  permi t s
were ma de , the groups differed substantially. Yet when the
evalua tions were ma de v ia SMART , the di f fe rences  were
g r e a t l y  reduced . A l i ke ly  e x pl a n a t i o n  for  th is  r educ t ion  in
di sagreement  seem s to be tha t hol ist ic evalua tions allow
people w i t h  s t rong v i e w p o i n t s  to c o n c e n t r a t e  on the aspects
of the  en t i t i e s  being evaluated about which they feel most
s t r o n g l y .  On the other  hand , SMART does not al low
c o n c e n t r a t i o n  on a few controversial attributes . Agreement
on several non—con t rove r s i a l  a t t r i b u t e s  wi l l  lessen the
overa l l  d i sagreement  caused by d i f f e r e n c e s  on the

• c on t rove r s i a l  a t t r i b u t e s .  SMART , of course , wil l  not
e l i m i n a t e  all d i sagreements , bu t  when it does not , i t  wi l l
focus  a t t e n t i o n  on the real points of disagreement .

Some of the work reviewed in the previous section is
also re l evan t  to the cons ide ra t ion  of publ ic  u t i l i t i e s .  If ,
as has been suggested above , real d i f f e r e n c e s  of op in ion
wi l l  be expressed in tue impor t ance  we ights  assigned to
a t t r i b u t e s  in SMART , our work w i t h  equal we igh ts  would  be
r e l e v a n t  to th i s  problem . By showing  the cond i t i ons  under
which evaluation using equal we ights is a good approximation

~~ to evalua t ion  us ing di f f e ren tial we ights , we can prov ide
g u i d e l i n e s  for  when  equal we ights  can be used for  pub l ic

• u t i li t i e s .  This  would e l imina te  the need to resolve d i f f e r e n c es
in opin ion  about  the impor tance  of a t t r i b u t e s, s ince such
d i f f e r e n c e s  would  hav e l i t t l e  e f f e c t  on the f ina l  e v a l u a t i o n s .

I I . C .  E l i c i t a t ion  and Qu a n t i f i c a t i o n  of U n c e r t a i n ty
Un t i l  the  last  few years , research  on the assessment  of

• . u n c e r t a i n t y  ( p r o b a b i l i t i e s )  was far  more  common than research
on the assessment  of s u b j e c t i v e  va lues  (u t i l i t i e s) .  The re fo re ,
much  of the research on sub jec t iv e p r o b a b i l i t i e s  is or ien ted
toward  p a r t i c u l a r  problems of a p p l i c a t i o n  r a the r  than  the
theo re t i ca l  p rob lems  encoun te red  in u t i l i t y  r e s e a r c h .
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One of tne prac t ica l  pro bl ems wit h which we must  conten d is
t h a t  in many  s i t u a t i o n s , assessed p robab i l i t i e s  cons i s t en t ly
v i o l a t e  ce r t a in  ru les  of p r o b a b i l i t y  t h e o r y .  We are now
work ing  toward  the  deve lopment  of methods  t hat will reduce
or eliminate these consistent errors. Thus, a l thou gh we are
increasingly knowledgable about what the problems are in
assessing subjectiv e uncertainty , many of the prac t ical
solutions remain to be found .

II.C.1. The effect of response scales on odds judgments.
one finding that has been fairly consistent throughout research
on the e l i c i t a t i on  and q u a n t i f i c a t i o n  of s u b j e c t i v e  u n c e r t a i n t y
is t h a t  d i f f e r e n t  methods  of ask ing t he same quest ion pro duce
d i f f e r e n t  responses .  For example , in op in ion  rev i s ion  s tudies ,
responses  on l o g a r i t h m i c  scales of odds are less c o n se r v a t i v e
t h a n  odds s imply  w r i t t e n  or s ta ted v e r b a l l y  (Goodman , 1973;
P h i l l i p s  and Edwards , l 9 6 o ) .  A p i lo t  stud y run  prior to the
ex per imen t re port ed by Seaver , von W i n t e r f e l d t , and Edwards
(1975) also suggested that the endpoints of a response scale
may a f f e c t  the responses .  A l though  they were not s y s t e m a t i c a l l y
manipulated , odds scales with endpoints of 1000:1  seemed to
elicit odds judgments that were generally lower t~ian responseson scales wit h en dpoin t s  of 10,000:1.

To f u r t he r  explore  exact ly  how response  scales a f f e c t
odds j u d g m e n t s , S t i l iwe l l , Seaver , and Edwards  (see summary
N o .  b )  s y s t e m a t i c a l l y  inves t iga ted  two f a c t o r s :  l inea r
versus  l o g a r i t h m i c  spac ing ;  and endpoin t s  of 100:1 , 1000 :1 ,
and 10 ,000:1. Also included was a response mode in which
s u b j e c t s  s imply  f i l led  in a blank with their odds. Responses
on logarithmically spaced scales were found to be superior
both  to responses on l i nea r ly  spaced scales and to w r i t t e n
odds on all measures  of tue qua l i t y  of j u d g m e n t s .  The ques t ion
of the e f f e c t  of the endpoin ts  was less clear . Responses  on
scales wi th 1000:1 endpoints were superior on some measures
and responses on scales with 10,000:1 endpoints were superior
on other  measures .

We are c u r r e n t l y  f u r t h e r  exp lo r ing  the  e f f e c t s  of the
response scales in a wider  va r i e ty  of c o n t e x t s  by v a r y i n g  d’
and the  range of the ve r id i ca l  odds. We also hope to reach
a more d e f i n i t i v e  conclus ion  regarding the e f f e c t s  of the
scale endpo in t s  on responses.

I I . C . 2 .  Biaaes in subiect ive  Drob ab i l i tv  d i s t r i b u t i o n s.
j  As the  use of decis ion ana ly t i c  tools has become more sophis t ica ted

over the past several years , researchers  in the f ie ld  hav e
• r ecognized  tha t  the u n c e r t a i n t y  e n t e r i n g  in to  decis ion  problems

is o f t e n  about  c o n t i n u o u s  r a the r  than d iscre te  va r iab l e s .
This has led to research showing the  problem s associated
w i t h  the assessment  of con t inuous  p r o b a b i l i t y  d is t r i b u t i o n s

11
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(or  approx imat ions  t h e r e o f ) .  Much of the research has focussed
on the phenomenon of “ surpr i ses” in which  a high percen tage
of t rue va lues  fa l l  into  the extrem e tai ls  of the assessed
distributions . A second bias has also been found in assessed
s u b j e c t i v e  d i s t r i b u t i o n s  when the unknown va r i ab l e s  are
p e r c e n t a g e s :  n a m e l y ,  a t endency  for  d i s t r i b u t i o n s  to be
displaced to the right when the true percentage is low , and
displaced to the l e f t  when the true percentag e is high. The
possible ex i s t ence  of anot her b ias has been sug geste d by t he
recen t ex per iment  of Se aver , et al. (1975). Their results
showe d an overa ll ten denc y for assessed d is t r ibut ions to
u n d e r e s t i m a t e  the t rue  v a l u e s .

Fujii , Seaver , and Edwards (see summary No. 7) hav e
explored these biases more thoroughly. In addition , the
effects on these biases of using different procedures to
e l i c i t  the subjective distributions were also investigated .
Two elicitation procedures were used : the fractile procedure

• in which subjects are asked to judge values of the unknown
variable that correspond to fixed levels of their cumulative

- • probability distribution , and the odds procedure in which
subjects judge cumula t iv e odds for f ixed  values  of the u n k n o w n
v a r i a b l e .

-

• 
The r e s u l t s  of F u j i i , et  a l .  sugges t  an i n t e r ac t i on

be tween t he el ic itat ion proce dure an d the measures  used to
show the  ex i s t ence  of the biases .  The u n d e r e s t i m a t i o n  bias
was foun d when t he f rac t ile proce dure was use d but no t w it h
the odds procedure. The same is true for a hig h percentage
of surprises. Only the displacement bias for high and low
percen ta ges was foun d for bot h el ic ita t ion proce dures use d

• in the study. The displacement bias was also at least partially
respons ib le  for the high percen tage  of su rpr i ses .  This
s tu d y su bs t an t iates the Seaver , et al. conclusion that use
of the f r a c t i l e  e l i c i t a t i o n  procedur e g e n e r a l l y  produces
d i s t r i b u t i o n s  tha t  are i n f e r i o r  by most  measures  of q u a l i t y
to those elicited by the odds procedure.

II.C .3. Averaging as a means of probabilistic inference.
One of the pract ical tools t hat has g rown out of the researc h
on assessing s u b j e c t i v e  p r o b a b i l i t i e s  is p r o b a b i l i s t i c  i n f o r m a t io n
processing ( P I P )  sys tems .  PIP system s were  developed to
a l l e v i a t e  tne phenomenon called conserva t i sm . Research
showed r a the r  conc lus ive ly  tha t people do not  revise t he i r
p robab i l i s t i c  j u d g m e n t s  on the basis of da ta  as much as
Bayes ’ Theorem , the  app rop r i a t e  ru le  for  p robab i l i~~tic r ev i s ion ,
ind ica ted  they shou ld .  In a PIP system , on ly  j udgmen t s  of
the  d i a g n o s t i ci t y  of’ s ingle  data  are made by people;  a task
research  has shown people perfo rm q u i t e  w e l l .  These j u d g m e n t s
are then aggregated via Bayes ’ Theorem to produc e the desired
posterior probabilities or odds .
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Goo dman ’s (1973) reanalysis of the data from several
e x p e r i m e n t s  on P IP  sugges ted  a p rac t i ca l  d i f f i c u l t y  t h a t  m a x ’
ar ise when using PIP in real—world settings. She found
one  of th e mos t im por t an t  fac tors con tr ibut ing to conserva ti sm
was feedback of calculated posterior probabilities or odds
to subjects making likelihood ratio judgments about single
data. In most real—world settings , the posterior probabilities
or odds wou ld  p r o b a b l y  be ava i l ab l e  to expe r t s  m a k i n g  the
s ing l e  d a t u m  j u d g m e n t s , t h e r e f o r e , r e d u c i n g  the  e f f e c t i v e n e s s
of P I P .

An experiment by Eils , Seaver , and Edwards (see summary
No. 6) provides evidence that other processes than PIP may
be effective in probabilistic inference tasks. This stud y
compares the usual cumulative posterior odds judgments with
a new type of aggregated probabilistic judgment: average
certainty for a sequence of data. Use of appropriate instructions
an d response scales made the averag e certainty jud gments
good subjectiv e assessments of the arithmetic mean log likelihood
r a t i o  which  can then be pl ugged in to  the a p p r o p r i a t e  form of

• Bayes ’ Theorem to calculate posterior odds . The results
showed that with proper instructions , subjects coul d ma ke
these jud gments , and , indeed , made them very well. Posterior
odd s ca lcula ted from t he avera ge cer ta int y judgments  were
very nearly verdical , while the direct posterior odds judgments
were , as usual , very conservative. This idea is new and as
yet not well—tested . More research is needed to check the
effects of varying data diagnosticity and to see how feedback
m i g h t  a f f e c t  averag e c e r t a i n t y  j u d g m e n t s .  However , t he
s t r i k i n g  r e s u l t s  of the c u r r e n t  research  suggest  the idea
may be w o r t h  pu r su ing .

I I . C . 4 .  Assessing very small  pr o b a b i l i t i e s .  Many
societal decisions involve very small possibilities of very
lar ge losses. We bel ieve dec ision analys is is a too l appl ica b le
to t h i s  type of dec i s ion . However , pro b lems ar ise in the
assessment of the probabilities of very unlikely events.
Technique s currently used to assess these probabilities
depend  on the j u d g m e n t s  of e xp e r t s  a n d /o r  f a u l t  t ree ana lys is.
Research  in other  areas , for  exampl e the Eils et a l .  s t u d y ,
has  shown t h a t  people are biased aga ins t  expres s ing  ex t r eme
j u d g m e n t s  to q u e s t i o n s  about their subjective certainty.
Thi s suggests t hat the jud gmental  pro babi l ities t hat hav e

• been used in f au l t  trees  are p robab ly  biased in the same
• w a y .

The use of “marker ” events with known relative frequencies
is an alternative to direct judgments and fault trees. The
l i ke l i hood  of even ts wit h un known pro bab il it ie s coul d be
compared  w i t h  the marker  even t s  to produc e j u d g m e n t s  of the
fo rm : “This  even t  is more l i ke ly  than  event  A b u t  less
l i k e l y  than  event  B. ” If the  marke r  even t s  are chosen to
prov ide a fine enough scale , the resulting range of probability
should  be precise  enough for most  pu rposes .
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Because of the newness  of th is conce p t , our knowle dge
currLntly consists pr imarily of ideas rather than data.
There fore , t he fol lowing d iscuss ion does not  re present  a
fait accomoli, but rather illustrates our thinking about how
to precede in developing a usable set of marker events and
testing the feasibility of its use . The only relevant experimental
evidence comes from an unpublished stud y by Slovic , Lic htenste in ,
an d F isch ho f f  at the Oregon Research I n s t i t u t e .  Their  f i n d i n gs
indicated that if this technique is to be used , care  m u s t  be
t a k e n  in the  precise implementation methods. Specifically ,
t he  m a r k e r  even t s  m u s t  not  be ones tha t  evoke b iases  in
t h e i r  judged  r e l a t ive l ike l ihood .

The process by wh ich such a se t of mar ker even t s  is
developed and tested for feasibility will necessarily involve
ex tensive experimentation. First , poss ib le marker  even t s
must be identified and tested for consistent biases in their
judged relativ e likelihood . When the set of’ non—biased
events is specified , the m a r k e r  events  wi l l  be used to e l i c i t
judgments of the likelihood of events with probabilities
that are known to the experimenter but unknown to the subjects.
Th is approach will be com pare d wit h the use of fau lt trees
and di rec t  j u d g m e n t s .  A f t e r  ex tens ive  l a b o r a t o r y  t e s t i n g ,
the  use of marker  e v e n t s  wi l l  be t r ied in a real , not  yet
identified setting . We hav e high hopes that the marker
event approach will prove successful , since we firmly  believe
fault trees and direct judgments cannot provide an adequate
r e p r e s e n t a t i o n  of small probabilities.

1~4
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IV. Summar ies of Technical Reports

Summary No. 1

How to Use Multi—Attribute Utility Measur ement
for Soc ial Dec ision Ma king

Ward Edwards

• Decisions do , and should , d epen d on va lues an d
probabilities ——both subjective quantities. Public
decisions , even more t han o ther kind s , also should depend on
values and probabilities. These quantities should be
public , not only in the sense of’ being publishable , but also
in the sense that the values , and perhaps the probabilities ,
that lie behind the decision should depend on some kind of
social  consensus , or at least  on some k ind  of a g g r e g a t i o n  of
individual views , rather than on any single individual ’s
v iews .

The thrust of this paper is that a public value is a
v a l u e  ass igned to an outcome by a public , usually by means
of some public institution that does the evaluating . This
amoun ts to trea ting “a public ” as a sor t of or gan ism whose
values can be elicited by some appropriate adaptation of the
me tho ds already in use to el icit indiv id ual va lue s . Fr om
this point of view , the interest of the problem lies in
finding the appropriate adaptation of those methods , an
adaptation that will take into account individual
di sagreements  abou t va lues , individual differences in
r e l e v a n t  ex per t ise , existing social structures for making
p u b l i c  dec is ions , and p rob lems  of f e a s i b i l i t y .

A r g u m e n t s  over  p u b l i c  po l i cy  t yp i c a l l y  t u r n  out  to
hinge on d i s a g r e e m e n t s  a oo ut  v a l u e s .  Such d i s a g r e e m e n t s  are
of ten a bout d egree , not kind ; developed and developing
na tions may agree on the v i tures  bot h of increase d
industrialization and decreased degradation of’ the
environment , bu t may d i f f e r ab ou t the re la tive im por t ance  of
these goals. Normally, such di sagreemen ts are fou gh t out  in
the  c o n t e x t  of spec i f i c  dec is ions , over an d over aga in , a t
e n o r m o u s  social cost each t ime ano the r  dec is ion  mus t  be
made.

17 - 
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Multi—attrib ute utility measur ement can spell out explicitly
what the values of each participant (decision—ma ker , expert ,
pressur e grou p , gov ernm en t , e tc . )  are , show how muc h t hey
differ , an d in t he process  can f r e quen t l y re duce the ext ent
of such differences. T~ e exploitation of this technology
permits regulatory or administrative agencies and other
public decision—making organizations to shift their attention
from specific actions to the values these actions serve and
the decision—making mechanisms that implement these values.

• ~y expl icitly negotiating about , agreeing on , and (if appropriate)
publicizing a set of values , a decision—making organization
can , in effect , inform those affected by its decisions about
its ground rules. This can often remove the uncertainty
inherent in planning , and can often eliminate the need for
cost ly , time—consuming , case— by—case adversary or negotiating
proceedings. Thus , explicit social policies can be defined
and implemented with more efficiency and less ambiguity.
Moreover , suc h policies can easily be changed in response to
new c ir cums tances or ch anging va lue systems , and information
about such changes can be easily, efficiently, and explicitly
disseminated , greatly easing the task of implementing policy
change.

The paper is structured around three examples. One is
land use manage~nent; the specific example wi l l  be a stud y
aimed at the decision problem s of the California Coastal
Commission. The decision—making body in this case is a
regulatory agency exposed to a wide variety of’ social pressures
from those with stakes in its actions.

The second example  is concerned with administrative
decision—making ; specifically, with the process that the
Office of Child Development of’ the Ii. S. Department of Health ,
Education , and Welfare used to develop its research program
for the 1974 fiscal year .

The third example is more abstract; it concerns an
a t tem pt to deve lop a consen sus amon g di sagree ing ex per ts on
wate r  q u a l i t y ,  abou t  a measur e of the  m e r i t s  of v a r i o u s
wa ter sources for two pur poses: t he in put , b e fo re  t r e a t m e n t ,
to a pub l ic  wate r  s u p p l y ,  and an environment for fish and
wildlife .

The focus of th i s  paper is on p l ann ing . I do not  u n d e r s t a n d
tne  d i f f e r e n c e s  among e v a l u a t i o n s  of plans , eva lua tions of
ongoing p r o j e c t s , and eva lua t ions  of completed p r o j e c t s ;  a l l
seem to me to be instances  of the same kind of in te l l ec tua l
a c t i v i t y .  M u l t i — a t t r i b u t e  u t i l i t y  measur ement  can and , I
be l i eve , shou ld  be applied to all t h r e e ;  the only d i f f e r e n c e
is t h a t  in ongoing or com ple ted pro jects t here are more
o p p o r t u n i t i e s  to replace j u d g m e n t a l  e s t ima tes  of locat ions
on value dimensions with utility transfo rm s on actual measur ements——
s t i l l  s u b j e c t i v e , but with firmer ground in evidence.

18 
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Summary No. 2

assessment of Gr ou p Preferences  an d Grou p
• Uncertainty for Decision Making

David A. Seaver

Decision analysis has rapidly become an accepted tool
• for aiding decision makers to make op timal decisions. The
• use of’ decision analysis involves the quantification of tne

decision maker ’s pr eferences and opinions as utilities and
subjective probabilities respectively. However , the formal
theory underlying the development of decision analysis is
based on the decision maker being a single identifiable
individual. Often groups rather than individuals serve as
decision makers. Even when a single individual functions as
tne decision maker , a group may be called upon to provide
the inputs necessary for making decisions. In these
situations , group utilities and probabilities must be
determined . The obvious approach to determining group
utilities and probabilities is to somehow combine the
judgments of the individuals in the group into a group
judgment. Theoretical research , however , has proved that no
really satisfactory method for combining individual
utilities or probabilities into a group utility or
probability exists. The purpose of this report is to
explore the possibilities that exist for determining group
utilities and probabilities , focuss ing on the advan ta ges an d
di sadvan ta ges of t he var iou s proce dures .

The report begins by assessing the current state of the
art with respect to determining group preferences and
utilities. Three specific possible methods for combining
individual preference or utility functions into group
pre ference or ut ility func t ions ar e ex plore d . All s u f f e r
fr om r a t her severe di sa d van ta ges such as restr ict ive
app licability or violation of Pareto optimality. Certain
ex perimental conditions that may reduc e disagreement and ,
ther efore , lead to a greater chance of unanimity among group
mem bers are also discussed.

There are two general  p rocedures  for  f o r m i n g  g roup
probability judgments: mathematical aggregation procedures
and behavioral methods. The mathematical aggregation

• - 
procedures  depend  on a ma thema t i ca l  f o r m u l a  for d e t e r m i n i n g
the group probabilities from the individual probabilities.

• Several p o s s i b i l i t i e s  ex is t , bu t  those w i t h  the best
u n d e r l y i n g  t heo ry  t y p i c a l l y  cannot  be used in prac t ica l
s i t u a t i o n s  because of the d i f f i c u l t y  in d e t e r m i n i n g  some of
trie necessary inputs.

19



I — 

~~~~~~~ ~~~~

-_ - -  -

~~~~~~~~ 

—- - --- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
• _w

~ —-~~~~----.-—-—-—_-—-~~~ ~~~
— ,•-

~~
- - - --  —-—~~~ 

— —
~

- -

The behav iora l  methods  u t i l i z e  in t e rac t ion  and/or
commun ica tion amon g t he grou p mem bers to tr y to re duce t he
disagreement among group members so a consensus will result.
The most widely used methods depend on highly structured
commun icat ion to al low the grou p to prof it fr om cer ta in
advantages of group interaction that are well—documented by
social p sych o logical research .

Since none of the procedures reviewed for forming group
utilities or probabilities is completely acceptable on a
theoretical level , choice amon g any set of app l ica b le
procedures should be based on empirical observations of the
quality of the resulting group judgments. However , ver y
li tt le em pi r ical research has b een d one in th is area , so
un til more researc h is d one , few conclus ions about th e
r e l a t i ve e f f e c t i v e n e s s  of t he di f f e r e n t  metho ds can be
drawn .
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Su m m a r y  ~o. 3

Unit Versus Differential weighting Schemes
for Decision Making : A i’iet hod of Study arid

• - Some Pre lim inary  Resu l ts

J. Ro bert i~ewm an , David A. Seaver , and Ward Edwards

• 
• A persistent problem in predi cticn studies and decision

making problems is that of we ighting the attributes or dimensions
of information assumed relevant to the prediction or decision
problem . Intuition and past experience has indicated that
tne attributes should be differentially we ighted with the
more important ones receiving higner we ights. Recently,
h o w e v e r , several  e m p i r i c a l  and t h e o r e t i c a l  s t u d i e s  has i n d i c a t e d
that tnere are many situations in which differential weighting
may not be necessary and that simple unit we ighting , i.e.,

• just adding up the attributes of information may be as good as
and in some cases better than differential weight ing . The

• i m p l i c a t i o n s  of th is  resul t , i f  t rue , have  e x t r a o r d i n a r y
practical and theoretical significance , and the problem of
we ighting requires very careful study.

- 

- 

In this report , tne firs t of a ser ies , a method of
generating realistic data is described , and illustrations of
h ow the  m e t h o d  can be used to  s t u d y  the usefulness of different
data analysis and prediction are given. The method utilizes
a com put er sim u l a t ion wh ic h gener ates a N by M d a t a  m a t r i x
where i~ is the number of observations and M is the number of
v a r i a b l e s  or- m e a s u r em e n t s  t aken  on each o b s e r v a t i o n .  For
example  N cou ld  be 15 a u t om o b i l e s  be ing  cons idered  fo r  poss ib le
purchase  and M could  be 10 performance and/or quality factors
of importance for each of the automobiles. The entries in
th e data ma tr ix woul d be simula ted measu remen t  va lues for
each factor on each automobile. The method also allows for

• the simulation of various types of error in the assigned
values. The computer program to accomplish this is outlined .
T~ o examples  of the  use of the m e t h o d  are g i v e n .  One compares
t he  f a m i l i a r  m u l t i p l e  r eg ress ion  model  w i t h  s imple  u n i t
we i3ntirlg in a prediction problem to predict a well defined
cr iterion variable from a set of predictor variables. The
regression model estimates the we ights to be assigned to
each p red ic to r  whereas  the unit we ighting model merely adds
u p  the pre di ctors  an d t hus d oes not ass ign di f ferent ial
w e i g h t s .  The r e su l t s  indicate tha t  mul tip le regress ion is
supe r io r  to u n i t  we ighting for p r e d i c t i o n  purposes  b u t  the
differences between the two models are not substantial . The
second e x a m p l e  compares  several ways  of f o r m i n g  we igh ted  and
unwe igh te d com bi nat ions of a t t r i butes  of dimens ions of im po r t a n ce
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to he lp  persons  make practical decisions. Some of the conditions
in which differential we ighting is important for practical
dec i s ion  mak ing  are spec i f i ed . The cond i t i ons  under  which
ditferential we ighting is not important are also specified .
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Summary 1w. ~

Lifferential Weighting in Multi —Attribute Utility tleasur ement:
Wh en it- Should  Not  and When it Does M ake a Difference

1 . Robert ilewman

host important decisions involve choosing among
alternatives with multiple value characteristics. A sim ple
ten step procedure ha~ been proposed to help individuals
and/or groups make practical decisions. This prccedure is
called multi — attribute utility analysis. One aspect of the
procedur e involves assigning importance we ights to the
attributes or dimensions of importance considered relevant
to the decision. Some recent evidence has indicated that

• such differential we ighting may not be necessary and that
equa l  or u n i t  w e i g h t i n g  may be as good as far  as m a k i n g  the
final decision is concerned .

-
• 

This paper explores some of the conditions under whicn
differe ntial -we ighting in multi— attribute utility analysis
may or may not be appropriate. Two cases are considered :
(1) For the case in which tne attributes are not related or
are related in a positive fashion (non—negatively correlated
attributes), and under conditions when no well defined
criterion variable is available , differential weighting is

~~~ not important. Unit or equal we ighting w i l l  do j u s t  as w e l l
in the decision analysis. This means , fo r  thi s case , multi —
attribute utility analysis becomes even simpler since the
weighting process need not be carried out. However ,
d e c i s i o n  m a k e r s  may w i sh  to r e t a i n  a form of we i g h t i n g
during the initial phase of the analysis since this
sometimes helps in defining what attributes should be
included in the analysis. In other words , differential
weighting may have psychological advantages even though
nothing is to be gained numerically. (2) For the case of

• some or all of the attributes being negatively correlated ,
i.e., more on one a ttr ib u te means less  on som e ot her
attribute then differential weighting can make a difference.
Thus , the final decision choice can be different when
different we ighting schemes are  used .

An example  of case 2 is g i v e n  for the decision problem
of choos ing  a “b e s t ”  automo bile from a set of automobiles.
Some of t n e a t tr ib ute s cons idere d im portan t for ma k in g th is
decision might be such tnings as fuel economy, small
e x t e r i o r  size , p a s s i n g / a c c e l e r a t i o n  a b i l i t y ,  low i n t e r i o r
noise , and  so o n .  These a t t r i b u t e s  i n t e r a c t  and t r a d e o f f s
a re  somet ii~es n e c e s s a r y .  For example , in order  to o b t a i n
e x c e l l e n t  fue l  e c o n o m y ,  i t  m i g h t  be necessary  to s a c r i f i c e
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acceleration. This could be accompl ished  by c o n s i d e r i n g
lighter cars but this , in tur n , could adversely affect ride
q u a l i t y , i n t e r i o r  size , and so on. It was demonstrated that
under these conditions three different weighting schemes led
to different automobiles being considered as the “best” .

The practical and theoretical implications of this
r e s u l t  are discussed . For the case of n e g a t i v e l y  correlate .i
a t t r i b u t e s  or a m i x t u r e of p os i t iv e and n e g a t i v e
correlations among the attributes differential weighting
makes a difference and in practical situations this
difference can be very important. This raises the
ir~triguing question of just what we ighting scheme should be
used since this choice can critically effect the final
ou tcome . Unfortunatel y , t here is no t heor y to gu ide our

• thinking here. Research is continuing into developin g such
L a theoretical rationale and empirical studies such as t he

one described in the report are also continuing .
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Summary  N o .  5

E x p e r i m e n t a l  Tests of I n d e p e n d e n c e  Assumpt ions
For  R i s k y  Mu l t i a t t r i b u t e  P re fe rences

Det lof  von W i n t e r f e l d t

The purpose  of t h i s  e x p e r i m e n t  was to ana lyze  models  of
human  p r e f e r ences  in complex  decision situations that are
c h a r a c t e r i z e d  by u n c e r t a i n t y  and m u l t i p l e  a t t r i b u t e s  of
o u t c o m e s .  Four basic models  for such r i s k y  m u l t i a t t r i b u t e

- • preferences were cons idered , among them the additive and
m u l t i p l i c a t i v e  expected u t i l i t y  mode l s .  I ndependence  a s sumpt ions
t h a t  can test the desc r ip t ive  v a l i d i t y  of these models  were
fo rmula ted .

The validity of the independence assumptions , including
the marginality assumption and utility independence , was
tes ted for  sub jec t s ’ p r e f e r e n c e s  among even chance gambles
for  commodi ty  bundles containing gasoline and ground beef.
Sub jec t s  matched  gambles  or commodity bundles against a
s t anda rd  and these ma tches  were checked to see if the i n d i f f e r e n c e
held in var ious stimulus con texts as required by the independence
as sumpt ions .  E f f e c t s  of’ response modes , i n s t r u c t i o n s , and
personal  p re fe rence  characteristics were examined .

- 

-
~ Al l independence assumptions and models were violated

by a bi as to prefer a gamble or commo di ty bundle that was
-: p r ev ious ly  matched  aga ins t  a s t anda rd , i n d e p e n d e n t l y  of

context. Systematic and strong violations of the marginality
as sumpt ion  were  found in the form of a m u l t i v a r i a t e  r i sk
ave r s ion :  sub jec t s  tended to prefe r a gam ble with more
balanced m u l t i p l e  outcomes over a gamble with extreme multiple
outcomes , even if all single outcomes had an equal chance of
o c c u r r i n g , both  the bias and inul t i va r i a t e  r i sk  ave r s ion
were i ndependen t  of’ response modes and i n s t r u c t i o n s .  Other
preference characteristics such as single attribute risk
a t t i t u d e  and p r e f e r e n t i a l  i n t e r a c t i o n  of commodi t ies  seemed
unre la ted  to m u l t i v a r i a t e  r i sk  -a v e r s i o n .

The bias to p r e f e r  a p rev ious ly  matched  gamble  over a
s tandard  cannot  be expla ined  by any trad itional model describ ing
r i s k y  m ult i a t t r i b u t e  pr efe rences .  This bias  could be due
e i t he r  to m i s m a t c h i n g  or to a change in preferences  a f t e r
ma tch ing . The phenomenon of mul t ivar ia te  r i sk  ave r s ion
proved to be a s table  p rope r ty  of r i s k y  m u l t i a t t r i b u t e  preferences
for the s t i m u l i  considered . Desc r ip t ive  models  for  r i sky
m u lt i a t t r i b u t e  pre fe rences  w i l l  have to take  th i s  phenomenon

25
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in to  account  in s imi l a r  s t imu lus  s i t ua t i ons . For no rma t ive
• 

- model l ing , the  r e s u l t s  of the expe r imen t  i n d i c a t e  the necessi ty
to c a r e f u l l y  check the cons i s tency  of’ p re fe rences  assessed

- by procedures  t ha t  are based on i n d i f f e r e n c e  j u d g m e n t s  and
- 

- to compare them with actual choices. The multivariate risk
avers ion  e f f e c t  suggests  tha t  s imple addi t iv e expected u t i l i t y
models may , in some cases , be inappr opria te  for prescribing
p r e f e r e n c e s .  Checks of the m a r g i n a l i t y  a s sumpt ion  and analyses
of the form of m u l t i v a r i a t e  r i sk  avers ion should  be designed
and tes ted  carefully, before mo dell ing decision makers ’
pre fe rences  w i th  add i t i v e exp ected u t i l i t y  models .

_ _ _  ~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~
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Summary  N o .  6.

Lieveloping the Technology of Probabilistic Inference:
A g g r e g a t i n g  by A v e r a g i n g  Reduces  Conse rva t i sm

• Lee C. Lils , III, Dav id A. Seaver , an d Ward Edwards

A relatively large body of research indicates that
people  are c o n s e r v a t i v e  processors  of p r o b a b i l i s t i c
information. Recent attention has focussed on two possible
ex planations of this phenomenon. The misaggregation
hypothesis depicts conservatism as an inability to properly
com bine the information in sequences of data. The other
e x p l a n a t i o n  sugges ts  conservat ism is the resul t of a
response b ias: the avo idance of ex t reme odds or
probability judgments.

This ex per iment ex plores the use of a spec ific
response , average c e r t a i n t y ,  devised to t h w a r t  conse rva t i sm
caused by e i t he r  a response  bias or a ce r t a in  form of
m isaggregation. Use of appropriate instructions and response
scales made the average certainty judgments good subjectiv e
assessments  of the arithmetic mean likelihood ratio which
can then be plugged into the appropriate form of Bayes’
Theorem to calculate posterior odds. These jud gments seemed
l i k e l y  no t  to be a f f e c t e d  by a response bias s ince extrem e
responses were not  needed . In a d d i t i o n , r e sea rch  has suggested
t n a t  people are more  l i k e l y  to aggrega te  i n f o r m a t i o n  by
averaging than by adding or multiplying , so misaggregation
may be exhibited only in specific forms of aggregation and
may not be present in averaging .

Our results indicated that average certa inty judgments
were bo th  more  o r d e r l y  and more v e r i d i c a l  than  c u m u l a t i v e
c e r t a i n t y  j u d g m e n t s  of the type u s u a l l y  ob t a ined  in p r o b a b i l i s t i c
inference tasks. The cumulative jud gments were very conservative
whi le  the average c e r t a i n t y  j u d g m e n t s  were only sligh tly
radical . Since th i s  stud y was u n d e r t a k e n  only to see if
averag e c e r t a i n t y  j u d g m e n t s  were  an e f f e c t i v e  way to reduce
conse rva t i sm , i t  does not  d i r e c t l y  test  wha t  causes conserva t i sm .
However , some imp l i ca t i ons  c o n c e r n i n g  the  n a t u r e of conse rva t i sm
are discussed , along w i t h  the imp l i ca t ions  for the technology
of p robab i l i s t i c  i n f e r e n c e .

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~
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Summary No .  7

~iew and Old Biases in Subjective Probability Distributions:
Do They Exist and Are They Affected by Elicitation Procedur es?

Tsunek o F u j i i , David A.  Seaver , and Ward Edwards

- 1 Past research indicates that people exhibit biases in
assessing probability distributions on continuous variables.
Three types of biases hav e been identi fied : too man y true
value s falling into the extreme tails of the d i s t r i b u t i o n s ,
a d i sp lacemen t  toward 5O~ for  d i s t r i b u t i o n s  assessed on
percen tages , and a genera l  t endency  to u n d e r e s t i m a t e . This
s t u d y  explored  the na tu r e of these biases w i t h  p a r t i c u l a r
emphas i s  on how they  i n t e r a c t  and how they  are a f f e c t e d  by
the procedur e used to elicit the distributions.

Two p rocedures  were used to e l ic i t  subjec t iv e
p r o b a b i l i t y  d i s t r i b u t i o n s  on percen tage  va r i ab l e s .  In the
f r ac t i l e  procedur e s u b j e c t s  were asked to judge  values  of
the  unknown  percentage  tha t  cor responded  to f ixed  levels of
the i r  cumula t iv e p r o b a b i l i t y  d i s t r i b u t i o n , whi le  in the odds
procedure  sub jec t s  judged  the  c u m u l a t i v e  odds for f ixed
value s of the unknown  p e r c e n t a g e s .  For all the  unknown
percentages , p % , d i s t r i b u t i o n s  were assessed for both p~ and
1— p % .  The e x t e n t  to which these assessments summe d to less
t han 1 O0~ indicated a bias toward underestimation.

U n d e r e s t i m a t i o n  was generally found when the fractile
e l i c i t a t i o n  was used but  not when the odds procedur e was
used . Also , too many true values fell into the extremes
ta ils of the di stributions elicited by the fractile

• p rocedur e , but no similar bias was found in distributions
el ic i ted by the odds p rocedure .  The d i sp lacement  toward  50%
was found in distributions elicited by both procedures.
This bias also appeared to be the cause of a cons iderable
n u m b e r  of the true values in the extreme tails of the
d i s t r i b u t i o n s. Many of the d i f f e r e n c e s  in the biases found
when d i f f e r e n t  e l i c i t a t i on  procedures were used can probably
be accounted for  by sub jec t s  avo id ing  ex t reme responses and
odds j u d g m e n t s  be tween  1 :1  and 2 : 1.
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Summary No .  6

The E f f e c t s  of Response Scales on Likelihood Ratio Judgments

William G. Stillwell , David A. Seaver , and Ward Edwards

Different met hods of recor ding responses to the same
ques t ion  have been shown to p roduce  d i f f e r e n t  responses .
In order to s y s t e m a t i c a l l y  s t u d y  how response scales a f f e c t
likelihood ratio judgments , this experiment manipulated two
independent variables: the endpoints of’ the response
scales ( 1 0 0 : 1 , 1000:1 , 10 , 0 0 0 : 1 )  and the spacing of the
scales ( l o g a r i t h m i c  ve r sus  l i n e a r ) .  Resu l t s  com pared the
v e r i d i c a l i t y  of responses  on the six scales produced by
cross ing  these factors plus another response mode in wh ich
sub j ec t s  s imply  wrote their judgment in a blank (no scale).

Logarithmic scales produced responses that were both
more ve r id i ca l  and more cons i s t en t  than  responses on l inea r
scales which were , in tur n , be t t e r  than simpl e w r i t t e n
responses .  Measures  of the e f f e c t  of the endpo in t s  were
somewhat  incons is ten t  and probably  in te rac ted  w i t h  the
range  of ve r i d i ca l  l ike l ihood  ra t ios  used in this stud y .
J u d g m e n t s  of relatively small likelihood ratios seemed to
be a f f e c t e d  by the  spacing : l inear  spacing caused
o v e r e s t i m a t i o n .  J u d g m e n t s  of r e l a t i v e l y  large likelihood
ra t ios  were con t ro l l ed  more by the  e n d p o i n t s :  h igher
e n d p o i n t s  produc ed la rger  judgments. Apparently, subjects
use the range of the scale as information about the range
of t rue  l ike l ihood  r a t i o s .
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