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Examining Corporate Policy Using 

Multiattribute Utility Analysis 1 

Ralph L. Keeney 

Abstract 

This paper illustrates the formalization of preferences 
over the fundamental objectives of a corporation. Specific- 
ally a von Neumann-Morgenstern utility function with ten 
attributes is assessed for members of Woodward-Clyde Con- 
sultants. The objectives and their associated measures of 
effectiveness are first specified and structured in a 
hierarchy. The objectives concerned personal, professional, 
and financial goals. The assessment of one individual's 
utility function is presented in detail. Current uses and 
potential uses of the assessment procedure and the resulting 
utility function are discussed. 

Every corporation periodically asks itself: " How should 
we run our business?" More specifically, this raises such 
questions as: Given the complex social, economic, technological, 
and political characteristics of our society, which management 
policies should we adopt now? Are these policies consistent 
with our personal objectives, with the desires of our share- 
holders, and with our social value structure? If we choose 
policy A, will it be possible to account for the contingencies 
which may arise in the near future and adapt accordingly? 
How can we best maintain the leadership position in our field 
and simultaneously, keep the vitality of our organization? 
All of these are crucial questions which deny the simple 
dollars and cents answers which are mythically supposed to be 
appropriate for almost all "business" decisions. 

Since early 1972, Woodward-Clyde Consultants, a holding 
firm for several professional-service consulting firms has used 
some innovative approaches based on multiattribute utility 
theory [2,3,5,81 to help them examine questions such as those 

'we would like to thank the management of Woodward-Clyde 
Consultants for its permission to discuss this work. The 
assistance of Dr. Keshavan Nair of Woodward-Clyde in writing 
this paper is greatly appreciated. 



raised above. Although this effort is still in progress, 
it is sufficiently interesting and informative to discuss. 
Two aspects of this effort seem to be unique. First, multi- 
attribute utility functions over attributes measuring funda- 
mental objectives of the corporation have been assessed for 
many executives at Woodward-Clyde. Second, this work was 
done not to evaluate a specific decision, but rather to aid 
communication among the decision makers: To grapple with 
fundamental issues of the firm, to determine and examine 
differences of opinion in a quantitative fashion, and to aid 
in generating creative alternatives in solving corporate 
problems. 

The affiliate consulting firms of Woodward-Clyde Consul- 
tants operate mainly in the geotechnical engineering and environ- 
mental areas. Problems they examine include design of earth 
dams, siting and design of nuclear power plants, geotechnical 
and environmental studies associated with pipeline systems 
(e.g., the Trans-Alaska pipeline), and design of structures 
for earthquake prone regions. None of the affiliates build 
any products (e.g. roads, dams, power plants); they are ex- 
clusively professional-service consulting firms. Collectively, 
their fees received in 1973 were approximately twenty-five 
million dollars, and historically, this has increased at 
approximately twenty percent annually. All the shareholders 
of Woodward-Clyde must be senior professionals on the staff 
of one of the affiliates. 

In 1972, Richard J. Woodward, the Chairman of the Board 
of Woodward-Clyde Consultants, appointed a long-range planning 
committee whose assignment included "the development of a long- 
range plan for Woodward-Clyde Consultants that includes 
quantified objectives and is responsive to the Statement of 
Purpose and Standing Policies." After this original committee 
reported, the 1973 and 1974 Long Range Planning Committees 
have successively updated the objectives of Woodward-Clyde and 
examined policy alternatives in terms of these objectives. 
Douglas C. Moorhouse was the chairman of each of these three 
committees. Dr. Keshavan Nair, a Vice-President of Woodward- 
Lundgren and Associates, one of the affiliates of Woodward- 
Clyde, was also a member of these committees. 

Much of the work discussed here, specifically Sections 2 
through 5, concerning the structuring of attributes and assess- 
ing the utility function, was done iointly by Dr. Nair and 
myself, working as a consultant to Woodward-Clyde. Section 1 

'1n November, 1974, Woodward-Clyde made some very broad 
organizational changes. It is no longer a holding firm but 
rather one consulting firm with five regional divisions. The 
work described in this section was done from 1972 through 
October 1974, so the organizational structure which prevailed 
during that period is described. The subsequent organizational 
changes are briefly summarized at the end of the paper. 



discusses the original Long-Range Planning committee's work, 
which has served as an excellent basis on which to build. 
The final Section 6 surveys some of the specific uses being 
made of Woodward-Clyde's utility function. The Appendix sum- 
marizes the main technical terms, preferential independence 
and utility independence, and the main theoretical result used 
in the paper. 

1. The 1972 Objectives and Measures of Effectiveness 

The basic approach taken by the 1972 Long Range Planning 
Committee to fulfill its mission was 1) to establish the 
primary objective of the firm, 2) to divide this into sub- 
objectives, and 3) to conduct a deficiency analysis indicating 
discrepancies between present state and desired state on each 
objective. By weighting the various objectives, the deficiencies 
were ranked in order of importance and policies recommended for 
eliminating these deficiencies. 

The overall objective of Woodward-Clyde was provided by 
a sentence in their Statement of Purpose: "The combined efforts 
of Woodward-Clyde Consultants and its affiliates are directed 
toward the creation and maintenance of an environment in which 
their employees can realize their personal, professional, and 
financial goals." It was felt that growth was essential in the 
achievement of this objective. 

The hierarchy of objectives developed by the 1972 Long 
Range Planning Committee is presented in Figure 1. The numbers 
in parenthesis in the box with each objective indicates the 
division of weight among subobjectives. More will be said 
about this later. In Table 1, the weights of each of the 
attributes associated with the lowest-level objectives and the 
range of each attribute are identified. 

It was implicitly assumed that an additive value function 
[1,81 

where the xi's represent levels of the attributes, each vi is 

a value function over the ith attribute, v and the vils are 

scaled zero to one, and the weights, that is the ki's sum to 



one,  was app rop r i a te .  For each a t t r i b u t e ,  component va lue  
f u n c t i o n s  w e r e  c o n s t r u c t e d  and p r e s e n t  s t a t e s  and d e s i r e d  
s t a t e s ,  d e f i n e d  a s  t h e  p r a c t i c a l  maximum f e l t  t o  be ach ievab le ,  
w e r e  i d e n t i f i e d .  De f i c iency  on each o f  t h e s e  lowes t - leve l  
o b j e c t i v e s  was t hen  c a l c u l a t e d  by mu l t i p l y i ng  t h e  weight  of  
t h e  o b j e c t i v e  t i m e s  t h e  d i f f e r e n c e  i n  t h e  va lue  of i t s  p r e s e n t  
and d e s i r e d  s t a t e s .  Th i s  i n d i c a t e d  " a r e a s "  where approvement 
was needed. 

Four shortcomings o f  t h e  1972 " q u a n t i f i c a t i o n  o f  ob jec-  
t i v e s "  might be c a t e g o r i z e d  a s  fo l lows :  

1) t h e  weights  w e r e  ass igned  t o  each o b j e c t i v e  w i thou t  
e x p l i c i t l y  cons ide r i ng  t h e  range of t h e  a s s o c i a t e d  
a t t r i b u t e s ,  

2 )  t h e  component va lue  f u n c t i o n s  w e r e  e s t i m a t e d  by a  
d i r e c t  v a l u e  e s t i m a t i o n  techn ique  independent  of 
each o t h e r ,  

3 )  t h e  o v e r a l l  o b j e c t i v e  f u n c t i o n ,  be ing  a  v a l u e  func- 
t i o n ,  was n o t  a p p r o p r i a t e  f o r  examining p o l i c i e s  
w i t h  u n c e r t a i n  consequences,  and 

4 )  t h e  a d d i t i v e  va lue  s t r u c t u r e  d i d  n o t  lend  i t s e l f  t o  
i n v e s t i g a t i n g  o v e r l a p  among t h e  o b j e c t i v e s .  

Even w i t h  t h e s e  weaknesses,  t h e  Long Range P lann ing Committee 
and t h e  Board of D i r e c t o r s  f e l t  t h i s  q u a n t i f i c a t i o n  of  ob jec-  
t i v e s  was a  b i g  improvement over  i n fo rma l l y  a r t i c u l a t e d  
o b j e c t i v e s .  Th i s  set of o b j e c t i v e s  and measures has proven 
t o  be an e x c e l l e n t  b a s i s  f o r  mod i f i ca t i on  and improvement, t h e  
subs tance  of which w e  beg in  t o  d e s c r i b e  i n  t h e  nex t  s e c t i o n .  

Before proceeding,  l e t  u s  b r i e f l y  remark on a s p e c t s  of 
t h e  a t t r i b u t e s  and t h e i r  measurement u n i t s  which may n o t  be 
c l e a r  from Table  1. For t h e  f i r s t  a t t r i b u t e ,  us ing  t h e  number 
of s h a r e s  reques ted  d i v i d e d  by f e e s  i m p l i c i t l y  assumes t h e  
c o s t  of  a  s h a r e  i s  known i n  o r d e r  t o  make t h e  measure r e a d i l y  
i n t e r p r e t a b l e .  The measure of t h e  scope o f  s e r v i c e s  o f f e r e d  
i s  an index meant t o  i n d i c a t e  b read th  i n  hand l i ng  t h e  i n t e r -  
d i s c i p l i n a r y  p r o j e c t s  i n c r e a s i n g l y  reques ted  by s o c i e t y .  With 
r e l e v a n t  expe r i ence ,  t h e  i d e a  i s  t o  have t h e  s t a f f  a v a i l a b l e  
t o  do q u a l i t y  work on t h o s e  p r o j e c t s  which t h e  Woodward-Clyde 
a f f i l i a t e s  would l i k e  t o  do. For  fo rmal  t r a i n i n g ,  t h e  number 
of degrees  pe r  p r o f e s s i o n a l  s t a f f  member  i s  de f i ned  a s  fo l lows :  

3~ v a l u e  f u n c t i o n  p rov ides  a  rank ing  of t h e  consequences 
( x ~ , x ~ , . . . , x ~ ~ ) .  I t  i s  n o t  n e c e s s a r i l y  a  von Neumann-Morgenstern 

u t i l i t y  f u n c t i o n  s i n c e  i ts  expected va lue  cannot  be used t o  
i n d i c a t e  p re fe rence  i n  s i t u a t i o n s  i nvo l v i ng  u n c e r t a i n t y .  



(1 . O )  
Achieve Pe rsona l ,  
P r o f e s s i o n a l ,  and 
F i n a n c i a l  Goals 

( . 5 )  
F i n a n c i a l  I Growth I ( . 5 )  

Growth i n  P r o f e s s i o n a l  
C a p a b i l i t i e s  

Apprec ia t ion  and 
I n c r e a s e  o f  Share- Ret i rement  Compensation 
h o l d e r s  Investment  Plan Plan 

No. 3  ( 0 . 3 )  
Con t r i bu t i on  t o  

I Ret i rement  Plan 

No. 4 ( 0 . 7 )  
Return on Investment  

o f  P r o f i t  Sha r i ng  
P lan  T r u s t  and 

Pension Plan T r u s t  

NO. 1 ( 0 . 4 )  ~ 0 . 2 ( 0 . 6 )  No. 5  ( 0 . 6 )  NO. 6 ( 0 . 4 )  
A b i l i t y  t o  A t t r a c t  I 1 r e t a i n e d  1 1 a / I m c e n t i v e  / 

sha reho lde r  Investment  Earn ings  Compensation Compensation 

Scope 

Se rv i ces  

(e.5 
P ro f i c i ency  

I I T r a i n i n g  

No. 9 ( 0 . 6 )  No. 10 ( 0 . 5 )  No. 1 2  ( 0 . 2 )  10.3) o p e  of ~ e r i c e  1 I Relevant  I 1 P r o f e s s i o n a l  1 1 1 I Offered Exper ience Development 

Figure 1. 1972 objectives hierarchy of Woodward-Clyde Consultants. 



Table 1. 1972 attributes for Woodward-Clyde Consultants. 

ATTRIBUTE 
WEIGHT 

.08 

.12 

.045 

.lo5 

. C 9  

. ( i f 1  

.075 

.OP5 

.l5 

- 1 2 5  

.075 

. .05 

RANGE 

0-5 

0-8 

0-10 

0-20 

0-20 

0-8 

25-100 

0-50 

25-100 

25-100 

1-3 

0-2 

ATTRIBUTE 

Ability to attract 
shareholders invest- 
ment 

Retained earnings 

Contribution to 
retirement plan 

Return on invest- 
ment for retire- 
ment plan 

Base compensation 

Incentive 
compensation 

US coverage 

Non-US coverage 

Scope of services 
offered 

Relevant experi- 
ence 

Formal training 

Professional 
development 

MEASUREMENT UNIT 

Number of shares requested % 
fees 

X of fees 

% of fees 

% of investment 

X annual increase 

% of fees 

Geographic centers 
adequately covered 

% 

vant work can be 
generated 

Geographic centers 
adequately covered 

% 
Centers where rele- 
vant work can be 
generated 

Number of 
disciplines having 
threshold capability 

% 
Number of 
synergistic disciplines 
required by society 

Existing man-years 
experience 

% 
Required man-years 
experience 

Number of degrees per 
professional staff 
member 

X of fees 



a d o c t o r a t e  i s  t h r e e ,  a mas te rs  degree  two, and a bache lo rs  
one. P r o f e s s i o n a l  development i n c l u d e s  a t t e n d i n g  management 
o r  t e c h n i c a l  seminars ,  ho ld ing  in-house s tudy  s e s s i o n s ,  etc.  

2. C l a r i f v i n s  t h e  Measures of E f f e c t i v e n e s s  

One of t h e  f i r s t  i s s u e s  D r .  Nair  and I j o i n t l y  cons idered  
was whether  t h e  measures of e f f e c t i v e n e s s  communicated t h e  
d e s i r e d  in fo rmat ion  and cou ld  be used i n  p r a c t i c e .  For  each 
o b j e c t i v e ,  t h e  q u e s t i o n  "Can a b e t t e r  a t t r i b u t e  be found?" 
was asked.  I n  s e v e r a l  c a s e s ,  t h e  answer was yes .  Le t  u s  
d i s c u s s  some examples. 

a )  A b i l i t y  t o  A t t r a c t  Shareho lders  Investment .  The 
measurement u n i t  f o r  t h i s  a t t r i b u t e  was changed t o  t h e  d o l l a r  
va lue  of s h a r e s  reques ted  d i v i ded  by t h e  f e e s .  Thus i n  i n t e r -  
p r e t i n g  t r e n d s ,  and s imply  i n  e v a l u a t i n g  v a r i o u s  l e v e l s  of 
t h e  a t t r i b u t e s ,  one does n o t  need t o  keep t h e  va lue  of t h e  
s h a r e s  i m p l i c i t l y  i n  mind. 

b )  Scope of Non-US Coverage. The 1974 Long Range P lan-  
n i ng  Committee changed t h i s  measure t o  percen tage  of t h e  
Uni ted S t a t e s  b u s i n e s s  i n  t e r m s  of  f e e s  rece ived .  It was t h e  
Committee's v iewpoin t  t h a t  t h e  major reason  f o r  expanding 
ove rseas  was t o  reduce  t h e  consequences of a p o s s i b l e  r e c e s s i o n  
i n  t h e  Uni ted S t a t e s  and t o  t a k e  advantage of c u r r e n t  f o r e i g n  
o p p o r t u n i t i e s .  S ince Woodward-Clyde w i l l  remain p r i m a r i l y  
a US o p e r a t i o n  i n  t h e  f o r s e e a b l e  f u t u r e ,  t h e  new measure bo th  
is more e a s i l y  q u a n t i f i a b l e  t h a n  t h e  p rev ious  one and a l s o  
more d i r e c t l y  i n d i c a t e s  v u l n e r a b i l i t y  t o  domest ic  r e c e s s i o n s .  

c)  Relevant  Exper ience and P r o f e s s i o n a l  Development. 
A s  demand f o r  Woodward-Clyde s e r v i c e s  i n c r e a s e s ,  t h e  need t o  
i n c r e a s e  t h e i r  r e l e v a n t  exper ience  grows. The 1972 measure 
of r e l e v a n t  expe r i ence  i n d i c a t e d  t h e  l e v e l  a t  any g iven  t i m e ,  
a s  opposed t o  f ocus ing  on t h e  i n c r e a s e  o f  r e l e v a n t  exper ience .  
I nc reased  r e l e v a n t  expe r i ence  i s  funded o u t  of  t h e  P r o f e s s i o n a l  
Development budget  and u s u a l l y  c o n s i s t s  o f  o p p o r t u n i t i e s  f o r  
employees t o  work on p r o j e c t s  under exper ienced  personne l  a t  
company expense and t o  t a k e  s p e c i a l i z e d  cou rses  i n  a r e a s  of  
t h e i r  p r a c t i c e .  Because it i s  t h e  i n c r e a s e  i n  r e l e v a n t  ex- 
pe r i ence  which i s  c u r r e n t l y  impor tan t  a t  Woodward-Clyde, t h e  
measure was changed t o  p e r c e n t  of  f e e s  committed t o  t h e  
r e l e v a n t  exper ience  program. 

Th i s  change of t h e  r e l e v a n t  exper ience  measure r e q u i r e d  
a r e d e f i n i t i o n  of t h e  components of t h e  p r o f e s s i o n a l  develop- 
ment measure. I n  1972, t h e  l a t t e r  measure inc luded  f e e s  used 
f o r  o b t a i n i n g  r e l e v a n t  exper ience .  However, w i t h  t h e  new 
r e l e v a n t  expe r i ence  measure,  t h e  p r o f e s s i o n a l  development 
measure must e x p l i c i t l y  exc lude  t h e  f e e s  used f o r  a c q u i r i n g  
r e l e v a n t  exper ience .  



d )  Formal Tra in ing.  The measure remained t h e  same f o r  
formal t r a i n i n g  bu t  t h e  d e s i r a b i l i t y  of p a r t i c u l a r  l e v e l s  has 
g r e a t l y  changed. The va lue funct ion i n  t h i s  case is i n t e r -  
e s t i n g  i n  t h a t  it is no t  monotonic. I t  is low a t  a l eve l  of 
1, s i nce  a l l  p ro fess iona ls  then only have a bachelors  degree,  
and inc reases  t o  a peak and then f a l l s  r ap id l y  a s  t h e  l e v e l  
of degrees increases .  With a l e v e l  of 3 ,  t h e  f i rm would con- 
sist e n t i r e l y  of p ro fess iona ls  wi th  doc tora tes .  I n  1972, t h e  
des i red  s t a t e  was i d e n t i f i e d  a s  2.25, t h e  peak of t h e  va lue 
funct ion.  On f u r t h e r  examination, t h i s  l e v e l  seemed high. 
I f  j u s t  twenty-f ive percent  of t h e  p ro fess iona ls  of Woodward- 
Clyde had only  a bachelors ,  a minimum of f i f t y  percent  would 
have t o  have a doc to ra te  t o  g e t  t h e  average l e v e l  t o  t h e  
"des i red  s t a t e "  2.25. 

A s  an a i d  t o  th ink ing  about t h e  imp l ica t ions  of d i f f e r e n t  
l e v e l s  of "degrees pe r  p ro fess iona l , "  Table 2 was const ructed.  
For eva lua t ing  preferences over average degree l e v e l s ,  an 
ind iv idua l  is meant t o  select t h e  bes t  d i s t r i b u t i o n  of degrees 
f o r  each average l e v e l ,  and then compare these  "bes t "  d i s t r i -  
but ions.  

3. Checking f o r  Independence Condit ions 

To s t r u c t u r e  a u t i l i t y  funct ion over t h e  twelve a t t r i b u t e s  
of Table 1, modif ied a s  ind ica ted  i n  t h e  previous sec t i on ,  t h e  
process began by examining whether p a i r s  of a t t r i b u t e s  w e r e  
p r e f e r e n t i a l l y  independent of  t h e i r  complements. 'l I n  most 
cases  it seemed appropr ia te  t o  assume p r e f e r e n t i a l  independence, 
bu t  le t  us i nd i ca te  t h r e e  s i t u a t i o n s  where t h i s  was no t  so.  

I n  examining p r e f e r e n t i a l  independence assumptions involv- 
ing t h e  a t t r i b u t e  " a b i l i t y  t o  a t t r a c t  shareholder  investment,"  
t h e  Long Range Planning Committee came t o  t h e  agreement t h a t  
it was redundant based on present  po l i cy .  Th is  a t t r i b u t e  was 
meant t o  i nd i ca te  t h e  a b i l i t y  and d e s i r a b i l i t y  f o r  p r i nc i pa l s  
t o  i nves t  i n  t h e  corporat ion.  The Committee f e l t  t h e  des i r -  
a b i l i t y  aspect  was adequately captured by r e ta i ned  earn ings.  
On t he  o the r  hand, t h e  a b i l i t y  t o  i nves t  was measured by both 
i ncen t i ve  compensation and base compensation. For these  
reasons, t h e  " a b i l i t y  t o  a t t r a c t  shareholder  investment" was 
dropped from t h e  l is t  of a t t r i b u t e s .  

In  another case it a t  f i r s t  seemed advantageous t o  sub- 
d i v ide  t h e  ob jec t i ve  concerning base compensation i n t o  t h r e e  
groups: sen io r  p r i n c i p a l s ,  jun io r  p r i nc i pa l s  and assoc ia tes ,  
and assoc ia te  candidates.  In  e f f e c t ,  t h e  cu r ren t  a t t r i b u t e  
"base compensation" would have been rep laced by t h r e e  a t t r i b u t e s ,  

' l ~ n i t i a l  assessments w e r e  done using D r .  Nai r ' s  preferences.  
Subsequently, D r .  Nair has assessed t h e  preferences of o t he r  
members of t h e  Long Range Planning Committee. See t h e  Appendix 
f o r  a d e f i n i t i o n  of p r e f e r e n t i a l  independence and o the r  tech- 
n i c a l  terms. 



Table 2. Formal training--percent distribution of degrees. 

DEGREES PER 
PRUESSIONAL 5% PhD 10% I'hD 15% P h D  20% P h D  25% ?hD 30% P h D  35% P h D  40% P h D  45% P h D  50% P h D  
STAFF M E H B E R  BS MS P h D  BS H S  P h D  BS N S  P h D  E S  YS. P h D  B S  X S  P h b  1)s )IS P h D  BS MS P h D  B S  MS P h D  B S  MS YhD E S  MS PhD 

55, 40, 5 60. 30, 10 65. 20, 15 70. 10, 20 

45, 5C, 5 50, 40, 10 55, 30, 15 60, 20, 20 

35, 60, 5 40, 50, 10 45, 40, 15 50, 30, 20 
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namely base compensation f o r  s e n i o r  p r i n c i p a l s ,  base  compensa- 
t i o n  f o r  j u n i o r  p r i n c i p a l s  and a s s o c i a t e s ,  and base  compensation 
f o r  a s s o c i a t e  cand ida tes .  It was found t h a t  one of t h e s e  
a t t r i b u t e s  taken t o g e t h e r  w i t h  a d i f f e r e n t  a t t r i b u t e ,  say  re- 
t a i n e d  e a r n i n g s ,  was n o t  p r e f e r e n t i a l l y  independent  of i t s  
complement. The reason  was t h a t  t h e  r a t e  a t  which one would 
s u b s t i t u t e  r e t a i n e d  e a r n i n g s  f o r  base  compensation f o r  a s s o c i a t e  
cand ida tes  depended on t h e  l e v e l  o f  base  compensation i n c r e a s e s  
t o  t h e  p r i n c i p a l s  and a s s o c i a t e s .  I f  t h e s e  l a t t e r  groups re- 
ce ived  l a r g e  i n c r e a s e s  i n  base  compensat ion, it seemed reason- 
a b l e  t o  g i v e  up more r e t a i n e d  ea rn ings  t o  b r i n g  i n c r e a s e s  i n  
base compensat ion f o r  a s s o c i a t e  cand ida tes  up t o  some comparable 
l e v e l ,  t han  one would g i v e  up t o  make t h e  same i n c r e a s e  f o r  
a s s o c i a t e  cand ida tes  i f  i n  f a c t  t h e  o t h e r  groups rece i ved  low 
i n c r e a s e s  i n  base compensat ion. The concept  of e q u i t y  among 
t h e  t h r e e  groups made it i n a p p r o p r i a t e  t o  assume p r e f e r e n t i a l  
independence i n  t h i s  c a s e .  

There w e r e  two o t h e r  p o s s i b i l i t i e s  i n v e s t i g a t e d .  Each 
p a i r  of  t h e  t h r e e  base  compensation a t t r i b u t e s  was found t o  
be c o n d i t i o n a l l y  p r e f e r e n t i a l l y  independent  o f  t h e  t h i r d ,  g iven 
a l l  o t h e r  a t t r i b u t e s  a r e  f i x e d  a t  an a r b i t r a r y  l e v e l .  Th is  
imp l i es  t h e r e  e x i s t s  an a d d i t i v e  va lue  f u n c t i o n ,  which w e  cou ld  
have a s s e s s e d ,  over  t h e  t h r e e  a t t r i b u t e s .  The a l t e r n a t i v e  was 
t o  use  t h e  o r i g i n a l  aggregated base compensation a t t r i b u t e .  
I t  was f e l t  t h a t  members of t h e  Long Range P lann ing Committee 
cou ld  keep t h e  e q u i t y  c o n s i d e r a t i o n s  i n  mind when us ing  t h e  
aggregated a t t r i b u t e .  There fo re ,  s i n c e  it is s imp le r  t o  use  
one a t t r i b u t e  t han  t h e  t h r e e  component a t t r i b u t e s ,  t h e  former 
was chosen. 

Base compensat ion and i n c e n t i v e  compensation do have some 
ove r l ap  i n  purpose and,  because of t h i s ,  t h e  l a t t e r  p a i r e d  w i t h ,  
f o r  i n s t a n c e ,  r e t a i n e d  e a r n i n g s  i s  n o t  e x a c t l y  p r e f e r e n t i a l l y  
independent  of i t s  complement. However, t h e  o v e r l a p  i s  n o t  
g r e a t  s i n c e  t h e  f u n c t i o n  o f  t h e  former is t o  p rov ide  a s o l i d  
s a l a r y  f o r  competent work w i t h i n  t h e  "normal" c a l l  of  d u t y ,  
whereas t h e  f u n c t i o n  of t h e  l a t e r  i s  t o  p rov ide  mot i va t ion  
and reward f o r  e f f o r t s  "beyond" t h e  c a l l  of  du ty .  Hence a f t e r  
cons ide rab le  check ing,  it was dec ided t h a t  it was a reasonab le  
approximat ion t o  assume t h e  p r e f e r e n t i a l  independence cond i t i on .  
Th is  "app rop r i a teness "  d e c i s i o n  was taken  i n  con junc t ion  w i t h  
t h e  d e c i s i o n  t o  e l i m i n a t e  t h e  a t t r i b u t e  " a b i l i t y  t o  a t t r a c t  
sha reho lde r  investment"  from t h e  l i s t  i n  Table 1. 

I t  was dec ided  t h a t  t h e  two a t t r i b u t e s  concerning t h e  
r e t i r e m e n t  p l an  shou ld  be aggregated i n t o  one c a l l e d  "growth 
i n  re t i r emen t  p l a n , "  s i n c e  i n  f a c t  both  seemed t o  m e e t  t h e  
same fundamental  o b j e c t i v e .  Woodward-Clyde d e s i r e s  t h a t  any 
p a r t i c i p a n t  i n  t h e i r  r e t i r e m e n t  p l an  r e c e i v e  a combined amount 
from t h e  p lan  and s o c i a l  s e c u r i t y  equa l  t o  f i f t y  p e r c e n t  of  
h i s  o r  her  l a s t  f i v e  y e a r s '  average s a l a r y .  The new measure 



for "growth of retirement plan" is the annual increase of 
assets in the retirement plan. Its range is zero to thirty 
percent, and it should be clear that this excludes the social 
security benefits. In effect, this change is simply moving 
up the objectives hierarchy of Figure 1 for a quantitative 
assessment of retirement plan consequences. 

4. The 1974 Objectives and Measures of Effectiveness 

The objectives and attributes updated from the original 
1972 list are given in Table 3. After considerable examination, 
Dr. Nair felt that it was appropriate to assume that for the 
ranges given in the table, each pair of attributes was pref- 
erentially independent of its complement. The reasonableness 
of this assumption has been preliminarily accepted by each of 
the other members on the 1974MngRange Planning Committee. 

5. Assessinq the Utility Function 

The preferential independence conditions imply L4,6] that 
an additive value function exists over the ten attributes in 
Table 3. From the theorem stated in the Appendix, by verifying 
that just one attribute is utility independent of its comple- 
ment, either a multiplicative or additive utility function is 
appropriate to quantify preferences. It was verified that 
retained earnings was in fact utility independent of its 
complement, and utility independence was also verified for 
other attributes to serve as consistency checks. For future 
reference, it turned out, the final utility function over the 
attributes in Table 3 was multiplicative, and thus expressible 
in the form 

where u and the uits are scaled zero to one, 0 < ki < 1, 

and k is a non-zero scaling constant greater than minus one 
which can be evaluated from the kits. 

The task remaining was to assess the component utility 
functions, assess their scaling factors, and then evaluate the 
k-value for the multiplicative form. 

5.1 Assessinq the Component Utility Functions 

All the ten utility functions were assessed on a zero to 
one scale using the techniques discussed in Schlaifer [9]. 
Let us briefly consider those for retained earnings and formal 
training, attributes X1 and Xg in Table 3. 



Table 3. 1974 attributes for Woodward-Clyde Consultants. 

RANGE 

0-8 

0-30 

0-30 

0-8 

25-100% 

0-50 

0-1 

1.5-2.5 

0-1 

ATTRIBUTE 

x1 E Retained earnings 

x 2  Z Growth in Retirement Plan 

x 3  = Base Compensation 

x4 E Incentive Compensation 

xs = Scope--Geographic (US) 

X6 : Scope--Geographic (Outside US) 

x 7  Scope--Services Offered 

X 8 E Relevant Experience 
(annual increment) 

X9 E Formal Training 

X,, E Professional Development 
(exc.luding relevant experience) 

F 

MEASUREMENT UNIT 

% of fees 

% of existing assets 

% annual increase 

% of fees 

Geographic centers 
adequately covered 

vant work can be 
generated 

% of U. S. business 

No. of disciplines 
having threshold 
capabilit 

No. of synergistic 
disciplines re- 
quired by society 

% of fees 

No. of degrees per profes- 
sional staff member 

2 of fees 



The range of r e t a i ned  earn ings i s  zero t o  e i g h t  percent ,  
so  s ince  preferences a r e  monotonically i nc reas ing ,  w e  set 

where u is t h e  u t i l i t y  funct ion o r  re ta ined  earn ings.  .Next, 
by checking c e r t a i n t y  equ iva len ts f  f o r  a  number of l o t t e r i e s ,  
it was v e r i f i e d  t h a t  D r .  Nair was r i s k  averse i n  t e r m s  of re- 
t a ined  earn ings.  I t  was found t h a t  2  - <0 ,8> ,  0.75 - <0 ,2> ,  
4 - <2 ,8> ,  5.5 - <4 ,8> ,  and f o r  a  check, t h a t  4 f o r  c e r t a i n  
was i n d i f f e r e n t  t o  a  0.75 chance a t  8 and a 0.25 chance a t  
zero. The u t i l i t y  func t ion  cons i s t en t  wi th  t hese  assessments 
is shown i n  F igure 2. 

The assessment of t h e  u t i l i t y  func t ion  f o r  formal t r a i n -  
ing l ed  t o  some su rp r i ses .  What was no t  a  s u r p r i s e  was t h a t  
preferences f o r  l e v e l s  of t h i s  a t t r i b u t e  a r e  no t  monotonic; 
they  inc rease  up t o  a maximum po in t  and then decrease.  Orig- 
i n a l l y ,  it was t h e  thought t o  assess  preferences from 1 t o  3  
degrees per  p ro fess iona l  s t a f f  member. However, once w e  began 
t h i s  t a s k ,  it became c l e a r  t h a t  wi th  l e v e l s  between 1 and 1 .3  
and 2.7 and 3 ,  Woodward-Clyde could no t  e x i s t  i n  a  form s i m i l a r  
t o  t h e  present .  Hence our v iab le  range was changed from 1.5 
t o  2.5, which w e r e  p r a c t i c a l  l i m i t s  f o r  t he  fo reseeab le  f u t u re .  

Next, by us ing t h e  Table 2 ,  it became c l e a r  t h a t  t h e  pre- 
v ious ly  f e l t  optimum l e v e l  of 2.25 was t oo  high and 2.1 was 
chosen as  an a l t e r n a t i v e  a f t e r '  some cons idera t ion .  I t  was 
a l s o  f e l t  t h a t  t h e  undes i r ab i l i t y  of 1.5 o r  2.5 degrees per  
p ro fess iona l  was about equa l ly  a s  bad so  ug ,  t h e  u t i l i t y  
funct ion f o r  formal t r a i n i n g  was sca led  by 

Again wi th  t h e  a i d  of Table 2,  it was concluded t h a t  
1.7 - <1.5,2.1>, 1.8 - <1.7,2.1>, and 2.3 - 1.8. The r e s u l t i n g  
u t i l i t y  func t ion  is shown i n  F igure 2. 

5.2 Assessing t h e  Re la t ive  Scal ing Fac tors  

The ranking of t h e  t en  a t t r i b u t e  sca l i ng  cons tan ts  of t h e  
mu l t i p l i ca t i ve  u t i l i t y  funct ion-- that  i s ,  t h e  k i l s  i n  (1)--is 

5 ~ f  2  is i n d i f f e r e n t  t o  t h e  l o t ce r y  w r i t t e n  <0,8>,  y ie ld ing  
a one-half chance a t  0  and a one-half chance a t  8 ,  then 2 is 
r e fe r red  t o  a s  t h e  c e r t a i n t y  equ iva len t  of <0,8>. The symbol 
II I 1  - reads is  i n d i f f e r e n t  t o .  
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given i n  Table 4 .  To s p e c i f y  t h e i r  r e l a t i v e  magnitude, D r .  Nair  
considered t h e  r e l a t i v e  d e s i r a b i l i t y  o f  consequences wi.th one 
a t t r i b u t e  a t  i t s  most p r e f e r r e d  l e v e l  and a l l  o t h e r  a t t r i b u t e s  
a t  t h e i r  worst l e v e l s .  Me decided t h a t  t h e  one he would most 
l i k e  t o  have a t  i t s  b e s t  l e v e ~ l  was r e t a i n e d  earn ings .  Thus 
t h e  s c a l i n g  f a c t o r  a s s o c i a t e d  wi th r e t a i n e d  earn ings  is  t h e  
l a r g e s t .  The a t t r i b u t e  he would nex t  p r e f e r  t o  have a lone  a t  
i ts  most d e s i r a b l e  l e v e l  was formal t r a i n i n g  s o  i t s  s c a l i n g  
f a c t o r  i s  second l a r g e s t .  Repeating t h i s  procedure 1e:d t o  t h e  
ranking of t h e  s c a l i n g  f a c t o r s  i nd i ca ted  i n  Table 4 .  

To q u a n t i t a t i v e l y  e s t a b l i s h  t h e  r e l a t i v e  va lues  ID£ t h e  
s c a l i n g  f a c t o r s ,  t r a d e - o f f s  between p a i r s  of a t t r i b u t e s  w e r e  
e x p l i c i t l y  assessed.  D r .  Nair was asked, f o r  n ine  p a i r s  of  
a t t r i b u t e s ,  ques t i ons  such a s :  

Assume a l l  a t t r i b u t e s  ot.her than  r e t a i n e d  ea rn ings  and 
re t i r emen t  p lan a r e  f i xed  a t  convenient l e v e l s .  Now, 
how high would r e t a i n e d  earn ings  have t o  be,  g iven t h e  
re t i r emen t  p lan i.s a t  i t s  lowest l e v e l ,  i n  o r d e r  f o r  you 
t o  be i n d i f f e r e n t  between t.his op t ion  and an a l t e r n a t i v e  
op t ion  wi th  t h e  re t i r emen t  p lan a t  i t s  most d e s i r a b l e  
l e v e l  of  30 and r e t a i n e d  ea rn ings  f i xed  a t  i t s  lowest 
l e v e l ?  

The responses a r e  shown i n  Table 4 i n  t h e  column l a b e l e d  
" i n d i f f e r e n c e  equ iva len t . "  Thus i f  w e  des igna te  tbe s c a l i n g  
f a c t o r  of X1 a s  kl ,  t h e  s c a l i n g  f a c t o r  f o r  X 2 ,  f o r  i ns tance ,  

must be .66kl s i n c e ,  us ing  u  i n  F igure 2 ,  t h e  u t i l i t y  of a  1 
r e t a i n e d  ea rn ings  of t h r e e  pe rcen t  i s  0.66. Th is  fo l lows s i n c e  
t h e  u t i l i t y  of  t h r e e  percent  re ta ined  ea rn ings ,  w i th  t h e  growth 
i n  re t i rement  p lan  a t  i t s  l e a s t  d e s i r a b l e  l e v e l ,  must equa l  
t h e  u t i l i t y  of t h i r t y  pe rcen t  growth i n  re t i r emen t  p lan ,  wi th  
r e t a i n e d  ea rn ings  a t  i t s  min.imum l e v e l .  Because of  t h e  p re f -  
e r e n t i a l  independence assumpt ions,  t h e  l e v e l s  of t h e  a t t r i b u t e s  
o t h e r  than r e t a i n e d  ea rn ings  and re t i r emen t  p lan  do n o t  mat te r .  
The r e l a t i v e  va lues  of t h e  s c a l i n g  cons tan ts  a r e  a l s o  shown 
i n  Table 4 .  

S e l e c t i n g  a  U t i l i t y  Funct ion 

W e  f e l t  f a i r l y  con f iden t  about t h e  r e l a t i v e  va lues  of t h e  
s c a l i n q  c o n s t a n t s ,  bu t  t o  g e t  t h e i r  abso lu te  magnitudes r e q u i r e s  
t h e  answer t o  a  d i f f i c u l t  ques t ion .  D r .  Nair was asked: 

What p r o b a b i l i t y  nl would you s e l e c t  such t h a t  you would 

be i n d i f f e r e n t  between op t ion  1 with  reta: ined earn ings  
a t  8 percent  and a l l  o t h e r  a t t r i b u t e s  a t  t h e i r  l e a s t  
d e s i r a b l e  l e v e l s  and an a l t e r n a t i v e  op t i on  2 c o n s i s t i n g  
of a  l o t t e r y  y i e l d i n g  a l l  a t t r i b u t e s  a t  t .heir  most 
d e s i r a b l e  1e;vel w i th  p r o b a b i l i t y  nl  o r  o therwise a l l  

a t t r i b u t e s  a t  t h e i r  l e a s t  d e s i r a b l e  l e v e l ?  



Option 1 Option 2 

Reta i l ed  ea rn ings :  8% 
a l l  o t h e r  a t t r i b u t e s  a t  

worst l e v e l s  

F igure 3 .  Adjust 5 t o  g e t  i n d i f f e r e n c e .  

a l l  a t t r i b u t e s  a t  
b e s t  l e v e l s ,  x * < - 

a l l  a t t r i b u t e s  a; 
17 1 worst  l e v e l s ,  x - 

J 



Those two o p t i o n s  a r e  i l l u s t r a t e d  i n  F igu re  3 .  Using a  t r i a l  
and e r r o r  method t o  converge t o  i n d i f f e r e n c e ,  n1 = 0.67 was 

s e l e c t e d .  T h i s  imp l ied  t h a t  t h e  s c a l i n g  f a c t o r  kl shou ld  be  

0.67,  from which t h e  v a l u e s  of t h e  o t h e r  s c a l i n g  f a c t o r s  i n -  
d i c a t e d  i n  Tab le  4 f o l l ow.  

S ince  t h e  sum of  t h e  s c a l i n g  f a c t o r s  was 4.505, w e  knew 
t h e  m u l t i p l i c a t i v e  u t i l i t y  f u n c t i o n  (1) was a p p r o p r i a t e  t o  
e x p r e s s  D r .  N a i r ' s  p r e f e r e n c e s .  Eva lua t i ng  (1) f o r  t h e  most 
d e s i r a b l e  consequence one f i n d s  

which was so l ved  t o  y i e l d  

Such a  low l eve l  f o r  k  (it must be  g r e a t e r  t h a n  -1) i n d i c a t e s  
a  h i gh  l eve l  o f  c o n p l i n e n t a r i t y  m o n g  p r e f e r e n c e s  f o r  t h e  
a t t r i b u t e s .  I t  i s  t h e  g e n e r a l  f e e l i n g  of  t h e  Long Range Plan-  
n i n g  Committee t h a t  i f  r e t a i n e d  e a r n i n g s  a r e  a t  a  h i gh  l e v e l ,  
one can " t a k e  c a r e  o f "  t h e  o t h e r  a t t r i b u t e s  i f  p rope r  p o l i c i e s  
a r e  implemented. However, t h i s  f e e l i n g  weakens a s  t h e  t i m e  
f rame o f  r e f e r e n c e  i n c r e a s e s .  That  i s  i f  ou r  a t t r i b u t e s  re- 
p r e s e n t  one-year l e v e l s ,  Woodward-Clyde cou ld  s t a n d  a  bad 
y e a r  w i t h  most a t t r i b u t e s  and make it up i n  t h e  n e x t  yea r .  
On t h e  o t h e r  hand, i f  t h e  a t t r i b u t e s  o f  Tab le  4 d e s i g n a t e  f i v e -  
y e a r  ave rages ,  t h e  d e s i r a b i l i t y  of w a i t i n g  f i v e  y e a r s  t o  
" r e d i s t r i b u t e "  h i gh  r e t a i n e d  e a r n i n g s  t o  a t t r i b u t e s  a t  t h e i r  
l owes t  l eve ls  i s  unde rs tand ib l y  much less. T h i s  s i t u a t i o n ,  
which became appa ren t  du r i ng  t h e  assessment  p r o c e s s ,  i s  c l e a r l y  
impor tan t  t o  r ecogn i ze  i n  d i s c u s s i o n s  o f  o p t i o n s  a f f e c t i n g  t h e  
f u t u r e  v i t a l i t y  o f  Woodward-Clyde. The o r i g i n a l  p r e f e r e n c e  
assessments  w e r e  made us ing  a  one-year pe r i od .  The r e s u l t s  
r e p o r t e g  h e r e  a r e  made us ing  annua l  averages  over  a  t h ree -yea r  
pe r i od .  

 or r e f e r e n c e ,  t h e  i n d i f f e r e n c e  p r o b a b i l i t y  nl f o r  t h e  
o p t i o n s  i n  F i g u r e  3 was 0.75 when a  one-year p e r i o d  was con- 
s i d e r e d ,  whereas it was 0.67 f o r  t h e  t h ree -yea r  pe r i od .  



5.4 S e n s i t i v i t y  Ana lys is  

Because of t h e  importance o f  t h e  p r o b a b i l i t y  a1 assessed  

t o  s p e c i f y  kl ,  a  sma l l  s e n s i t i v i t y  a n a l y s i s  was made of t h i s  

parameter  us ing  t h e  same r e l a t i v e  va lues  of t h e  s c a l i n g  con- 
s t a n t s  assumed i n  Tab le  4 .  Reca l l  t h a t  x* d e f i n e s  t h e  gon- 
sequence w i t h  a l l  a t t r i b u t e s  a t  t h e i r  b e s t  l e v e l s  and - x  t h e  
consequence w i t h  a l l  a t t r i b u t e s  a t  t h e i r  wors t  l e v e l s .  To 
a s s i s t  i n  examining t h e  i m p l i c a t i o n s  o f  t h e  v a r i o u s  a1 v a l u e s ,  
l e t  us  make two d e f i n i t i o n s :  

a '  G t h e  p r o b a b i l i t y  such t h a t  a  l o t t e r y  wi&h a  a '  
chance a t  x* and a  (1 - a ' )  chance a t  x  is  
i n d i f f e r e n t  a  consequence w i th  r e t a i n g d  ea rn ings  
and formal  t r a i n i n g  a t  t h e i r  b e s t  l e v e l s  and 
a l l  o t h e r  a t t r i b u t e s  a t  t h e i r  wors t  l e v e l s ,  

A 5 t h e  p r o b a b i l i t y  such t h a t  <x*,f?,xO> i s  i n d i f -  
f e r e n t  t o  t h e  s u r e  consequence wr th  each 
a t t r i b u t e  a t  i t s  l e v e l  of 0 .5  u t i l i t y .  

The r e s u l t s ,  which w e r e  c a l c u l a t e d  us ing  a  computer program 
(see Keeney and Sicherman [ 7 ] )  a r e  shown i n  Tab le  5 ,  where a1 
is  f i r s t  s p e c i f i e d .  Then, us ing  t h e  r e l a t i v e  s c a l i n g  f a c t o r s  
from Table  4 ,  t h e  i n d i v i d u a l  k i t s  a r e  f i x e d .  Using t h e s e ,  k t  
a ' ,  and A w e r e  c a l c u l a t e d .  F u r t h e r  r e f l e c t i o n  and examinat ion 
o f  Table 5  l e d  D r .  N a i r  t o  s t a y  w i t h  h i s  o r i g i n a l  e s t i m a t e  
o f  a1 = 0.67 f o r  t h e  th ree-year  per iod .  Thus, t h e  f i n a l  s c a l i n g  

c o n s t a n t s  are t h o s e  shown i n  t h e  l a s t  column of Tab le  4 .  

Table 5 .  

-. goo 



6.. U s e s  of Woodward-Clyde's U t i l i t y  Function 

Since t h e  o r i g i n a l  assessments,  D r .  Nair has e s s e n t i a l l y  
repeated t h e  assessment procedure j u s t  descr ibed with each of 
t h e  members of t h e  1974 Long Range Planning Committee. These 
assessments included v e r i f i c a t i o n  of assumptions, assess ing  
s i n g l e - a t t r i b u t e  u t i l i t y  func t ions ,  and spec i fy ing  sca l i ng  
cons tan ts .  This r e s u l t e d  i n  some minor changes t o  D r .  Nai r ' s  
u t i l i t y  func t ion  (a l ready in teg ra ted  i n t o  t h e  prev ious sec t i ons )  
t o  achieve what may be re fe r red  t o  a s  a concensus corporate 
u t i l i t y  func t ion .  This  obviously does n o t  mean t h e  Board of  
Woodward-Clyde w i l l  b l ind ly  make dec is ions  wi th t h i s  u t i l i t y  
funct ion.  I t  is being used t o  f a c i l i t a t e  communication among 
o f f i c e r s  of Woodward-Clyde and t o  he lp  p ro fess iona l  i n t u i t i o n .  

The assessment process forced i nd i v i dua l s  t o  be a b i t  more 
p rec i se  i n  dec id ing why they  f e l t  c e r t a i n  l e v e l s  of s p e c i f i c  
a t t r i b u t e s  w e r e  important .  A s  prev ious ly  mentioned, it a l s o  
served t o  i nd i ca te  how t rade-o f fs  among a t t r i b u t e s  depended 
on t h e  t i m e  frame of re fe rence.  The genera l  f e e l i n g  of those  
involved i n  t h e  u t i l i t y  func t ion  assessment may be summed up 
by t h e  comment of one ind iv idua l ,  " I ' v e  had t o  make t rade-of f  
dec is ions  l i k e  t h i s  a l l  my l i f e ,  bu t  u n t i l  now t h e  process has 
always been somewhat fuzzy and l e f t  m e  with t h e  f e e l i n g  t h a t  
I d i d n ' t  completely comprehend a l l  t h e  imp l ica t ions  of  my sub- 
j ec t i ve  judgments. The use of u t i l i t y  theory  and e x p l i c i t  
t rade-o f fs  he lps  considerably . "  With a better understanding 
of one 's  own t rade-o f fs  and pre ferences ,  it is a smal l  wonder 
t h a t  it becomes e a s i e r  t o  communicate t hese  and d i scuss  t h e  
i s sues  wi th  one 's  co l leagues.  

The process of assess.ing a u t i l i t y  func t ion  has a l s o  led 
t o  minor, bu t  important ,  modi f icat ions i n  t h e  o v e r a l l  evalua- 
t i o n  process f o r  long-range plans.  Some ob jec t i ves  have been 
de le ted  o r  aggregated, and i n  o the r  cases ,  seve ra l  a t t r i b u t e s  
have been a l t e r e d  t o  b e t t e r  i n d i c a t e  t h e  concerns of Woodward- 
Clyde. Changing t h e  a t t r i b u t e  measure f o r  r e l evan t  exper ience 
t o  r e f l e c t  t h e  year l y  i nc rease  i n  exper ience is one such 
example. 

Since seve ra l  of t h e  a t t r i b u t e s  concern d i s t r i b u t i o n  of  
income ava i l ab l e  ( i .e . ,  percent  of f e e s ) ,  it i s  a simple t a s k  
t o  use t h e  u t i l i t y  func t ion  t o  he lp  s e l e c t  t h e  b e s t  d i s t r i b u -  
t i o n  among s a l a r i e s ,  r e t a i ned  earn ings ,  i ncen t i ve  compensation, 
p ro fess iona l  development, re levan t  exper ience,  and con t r i bu t ion  
t o  re t i rement  plan. With any f i xed  percentage of  f e e s  ava i l ab l e ,  
t h e  techn ica l l y  f e a s i b l e  su r face  of f ee  d i s t r i b u t i o n ,  a s  w e l l  
as  t h e  d i s t r i b u t i o n  wi th maximum u t i l i t y ,  i s  e a s i l y  spec i f i ed .  

A s  be fo re ,  t h e  component u t i l i t y  func t ions  can s t i l l  be 
used t o  conduct a  de f i c iency  ana lys i s  by i nd i ca t i ng  t h e  d i f -  



f e r e n c e  between t h e  p r e s e n t  s t a t e  and a  d e s i r e d  s t a t e ,  rep re -  
s e n t i n g  what i s  t e c h n i c a l l y  f e a s i b l e  i n  a  s p e c i f i e d  t i m e  span.  
A b i t  more b road l y ,  by c a l c u l a t i n g  t h e  g r a d i e n t  o f  t h e  u t i l i t y  
f unc t i on  i n  each  a t t r i b u t e  f o r  t h e  p r e s e n t  s t a t e  p o s i t i o n  and 
combining t h i s  w i t h  s u b j e c t i v e l y  assessed  changes i n  t h e  s t a t e  
of each a t t r i b u t e  f o r  an e q u i v a l e n t  amount o f  e f f o r t  ( t i m e  
and money), one g e t s  an i n d i c a t o r  of  p o l i c i e s  which may be 
p a r t i c u l a r l y  f r u i t f u l  t o  pursue.  

The u t i l i t y  f u n c t i o n  d i scussed  h e r e  w i l l  no doubt  go 
through a d d i t i o n a l  metamorphoses i n  t h e  f u t u r e  y e a r s ,  a s  needs 
and p r e f e r e n c e s  o f  i n d i v i d u a l s  a t  Woodward-Clyde a d j u s t  t o  
b e t t e r  r e f l e c t  t h e i r  p o s i t i o n  i n  s o c i e t y ,  t h e  e x t e r n a l  env i ron-  
ment, and s o  on. For example, t h e  Pension Reform A c t  of 1974,  
because of c e r t a i n  p r o v i s i o n s  w i t h  rega rd  t o  t h e  a b i l i t y  of 
Pension and P r o f i t  Shar ing  P lan T r u s t s  t o  i n v e s t  i n  company 
s t o c k ,  i s  l i k e l y  t o  a l t e r  t h e  p r e s e n t  r e l a t i v e  v a l u e  of t h e  
a t t r i b u t e  "growth i n  r e t i r e m e n t  p l an "  among t h e  a t t r i b u t e s .  
Woodward-Clyde Consu l t an t s  i s  p r e s e n t l y  examining t h e  e f f e c t  
of  t h i s  and o t h e r  e x t e r n a l  changes on t h e  u t i l i t y  f u n c t i o n s  
f o r  t h e  v a r i o u s  i n d i v i d u a l  a t t r i b u t e s  and t h e  t r a d e - o f f s  be- 
tween t h e  a t t r i b u t e s .  Th i s  w i l l  be a  con t i nu ing  a c t i v i t y .  

The c u r r e n t  f u n c t i o n  does overcome t h e  o r i g i n a l  s h o r t -  
comings o f  t h e  1972 q u a n t i f i c a t i o n  of o b j e c t i v e s  o u t l i n e d  i n  
Sec t i on  1. I t  i s  be ing  used t o  examine p r e s e n t  d e c i s i o n s  
which e f f e c t  t h e  f u t u r e  e x i s t e n c e  of t h e  company. I n  a d d i t i o n ,  
t h e  Woodward-Clyde o b j e c t i v e s  h ie ra rchy  p a r t i a l l y  p rov ides  an 
under l y ing  and un i f y i ng  b a s i s  f o r  e v a l u a t i n g  long-range p l a n s  
and o p e r a t i o n a l  a c t i v i t i e s  of t h e  a f f i l i a t e d  f i rms .  S e v e r a l  
i n d i v i d u a l s  a t  Woodward-Clyde f i n d  t h e  m u l t i a t t r i b u t e  u t i l i t y  
concept  i n t e r e s t i n g  and h e l p f u l .  Perhaps more impo r tan t l y ,  
t h e y  a r e  e n t h u s i a s t i c  about  p o t e n t i a l  f u t u r e  uses .  I n  t h i s  
r e g a r d ,  p a r t i a l l y  a s  a  r e s u l t  of t h e  work d i s c u s s e d  h e r e ,  a  
s p e c i a l  group w i t h i n  Woodward-Clyde Consu l t an t s  h a s  been set  
up and funded t o  beg in  t o  t r a n s f e r  t h e  concep ts  and techn iques  
of d e c i s i o n  a n a l y s i s  i n t o  t h e i r  p r o f e s s i o n a l  p r a c t i c e .  

A s  an i n t e r e s t i n g  anecdote ,  i n  l a t e  1974 Woodward-Clyde 
Consu l tan ts  reo rgan i zed  i t s  o p e r a t i o n s  from t h a t  of  a  ho ld ing  
company s u b s i d i a r y  r e l a t i o n s h i p  t o  an o p e r a t i n g  company w i t h  
f i v e  r e g i o n a l  d i v i s i o n s ,  each  d i v i s i o n  hav ing geo techn i ca l  
and env i ronmenta l  c a p a b i l i t i e s .  The more s i g n i f i c a n t  r easons  
g iven f o r  t h i s  r e o r g a n i z a t i o n  w e r e  t o  b e t t e r  s e r v e  i t s  c l i e n t s  
i n  t e r m s  of  p rov id i ng  i n t e g r a t e d  geo techn i ca l  and env i ron-  
menta l  c a p a b i l i t y ,  e s t a b l i s h  a  one-company image f o r  improved 
market ing,  and i n c r e a s e  e f f i c i e n c i e s  by e l i m i n a t i n g  v a r i o u s  
s u b s i d i a r y  management s t r u c t u r e s .  I n  e v a l u a t i n g  t h e  d e s i r -  
a b i l i t y  of  t h e  o r g a n i z a t i o n a l  changes,  many members of t h e  
Board o f  D i r e c t o r s  made a  s u b j e c t i v e  de te rm ina t i on  a s  t o  
whether t h e  changes would i n c r e a s e  t h e  companies a b i l i t y  t o  
improve t h e i r  l e v e l  of performance over  t h e  v a r i o u s  a t t r i b u t e s .  
The e x p l i c i t  s t a temen t  of a t t r i b u t e s  made it p o s s i b l e  t o  make 
t h i s  e v a l u a t i o n .  



APPENDIX 

This  appendix summarizes t h e  t e c h n i c a l  t e r m s  and t h e  theo- 

r e t i c a l  r e s u l t  used i n  t h i s  paper. L e t  X : X1 x X2 x 'n 

be a consequence space,  where Xi i s  t h e  ith a t t r i b u t e .  A 

s p e c i f i c  consequence w i l l  be des ignated by x o r  (x1,x2, -* ,xn) .  

W e  a r e  i n t e r e s t e d  i n  a s s e s s i n g  t h e  u t i l i t y  func t ion  over  X ,  

denoted by u(xl .x2, * * *  ,xn)  o r  u ( x )  , which is v a l i d  i n  t h e  von 

Neumann-Morgenstern [ l o ]  sense. L e t  us  d e f i n e  Pi j  t o  mean 

X1 
"' 

'i+l 
X 0 . .  X X 

j -1 ' j+l  
x * * *  x Xn and 

- 
x t o  be a s p e c i f i c  l e v e l  of  zij .  Sim i la r l y .  t h e  n o t a t i o n  i j  

zi i s  def ined  a s  X1 x --. x xi-l x Xi+l X ... x Xn,  and si 
is a l e v e l  of Pi. 

The main assumptions used i n  t h e  paper concern t h e  

concepts p r e f e r e n t i a l  independence and u t i l i t y  independence. 

W e  w i l l  say  {xi,X. ) i s  p r e f e r e n t i a l l y  independent of  T( i f  
1 i j  - 

o n e ' s  p re fe rence o r d e r  f o r  consequences ( x i , x j , x i j ) ,  w i th  zij 
held f i x e d  does no t  depend on t h e  f i x e d  amount f i j .  Th is  is 

equ iva len t  t o  assuming t rade -o f f s  under c e r t a i n t y  between 

va r ious  amounts of Xi and X .  do no t  depend on Pij .  
1 

The 

p r e f e r e n t i a l  independence assumption imp l ies  t h a t  t h e  i n d i f -  

f e rence  curves  over Xi x X a r e  t h e  same r e g a r d l e s s  of  t h e  
j 

va lue  o f  f i j .  

I n  a s i m i l a r  f ash ion ,  w e  say Xi is u t i l i t y  independent 

of Pi i f  o n e ' s  p re fe rence o r d e r  over  l o t t e r i e s  on Xi, w r i t t e n  
'L - 

(x i tx i )  I wi th  Zi he ld  f i x e d  does n o t  depend on t h e  f i xed  

amount xi. Th is  imp l ies  t h e  cond i t i ona l  u t i l i t y  f unc t i on  



over Xi, given Zi is f i x e d  a t  any va lue,  w i l l  be a  p o s i t i v e  

l i n e a r  t rans fo rmat ion  of  t h e  cond i t i ona l  u t i l i t y  f unc t i on  

over  Xi, given f i  is f i x e d  a t  any o t h e r  va lue.  

The main r e s u l t  used i n  t h i s  paper i s  t h e  fo l lowing.  

THEOREM. L e t  X - X1 x X2 X . . .  x Xn, n - > 3. I f  f o r  some 

X { x ~ , x . )  is p r e f e r e n t i a l l y  independent of  Ei j  f o r  a l l  
j  J 

i # j and X is u t i l i t y  independent of  Z then e i t h e r  
j j 

where u  and t h e  ui are u t i l i t y  f unc t i ons  sca led  from zero t o  

one, t h e  ki are s c a l i n g  c o n s t a n t s  w i th  0 < ki < 1, and k  > -1 

is a s c a l i n g  cons tan t .  

Equation (A) i s  t h e  a d d i t i v e  u t i l i t y  f unc t i on  and (B) 

i s  t h e  m u l t i p l i c a t i v e  u t i l i t y  func t ion .  More d e t a i l s  about  

t hese ,  inc lud ing  sugges t ions  f o r  assessment,  are found i n  

Keeney [5]. 
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