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APPLICATION OF UTILITY THEORY TO 

DRILLING INVESTMENT DECISIONS

INTRODUCTION

The co n tin u ed  e x is te n c e  and growth o f  a c o rp o ra te  f irm  in  o u r 

p re s e n t-d a y  c o m p e tit iv e  economy depends to  a  g r e a t  e x te n t  on hav ing  

com petent d e c is io n  m akers. These p e rso n s shape th e  d a i ly  and long 

range  p o l i c i e s  o f  th e  f irm  by t h e i r  ch o ic e s  o f  p a r t i c u l a r  in v e s tm e n ts .

Many o f  th e se  d e c is io n s  a re  made under c o n d i tio n s  o f  r i s k  o r  u n c e r ta in ty ;  

t h a t  i s ,  w here one o f  s e v e ra l  outcomes w i l l  r e s u l t  from c h o ic e  o f  a 

g iv en  d e c is io n  a l t e r n a t iv e .  Much has been w r i t t e n  c o n ce rn in g  th e  d e c is io n  

m ak er 's  fu n c tio n ,  p a r t i c u l a r l y  u n d er c o n d i tio n s  o f  u n c e r ta in ty .  However 

th e  v ery  e x is te n c e  o f  u n c e r ta in ty  and th e  c o m p le x it ie s  o f  r e l a t i n g  

numerous r e le v a n t  f a c to r s  in to  an o p tim a l d e c is io n  s t r a t e g y  combine to  

make th e  ta s k  o f  d e c is io n  making q u i te  d i f f i c u l t .

One such example o f  u n c e r ta in ty  i s  th e  ty p e  o f  d e c is io n s  in v o lv ed  

in  th e  d e d ic a tio n  o f  la rg e  amounts o f  c a p i t a l  f o r  th e  d r i l l i n g  o f  o i l  

and gas w e lls  by th e  pe tro leu m  in d u s try .  The o i l  company d e c is io n  maker 

must c o n s id e r  a t  l e a s t  two f a c to r s :  th e  d eg ree  to  w hich th e  outcomes 

such as a p ro d u cer o r  dry  h o le  a re  deemed p ro b a b le , and th e  d eg ree  to  

w hich th e  p o s s ib le  outcom es a re  d e s ir e d  r e l a t i v e  to  one a n o th e r .  The 

second f a c t o r  can  be b ro ad ly  d e f in e d  as th e  "v a lu e  phase" o f  th e  d e c is io n ,  

and u s u a l ly  c o n s is ts  o f  a s s o c ia t in g  some m easure o f  v a lu e  to  each  p o s s ib le
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outcom e. The d e c is io n  maker must th e n  d e te rm in e  how th e s e  m easures o f  

v a lu e  r e l a t e  to  th e  c u r r e n t  g o a ls  and p o l i c i e s  o f  th e  f irm . T h is  re s e a rc h  

w i l l  a tte m p t to  show th a t  m a th em a tic a l u t i l i t y  th e o ry  ap p ea rs  to  be a 

b e t t e r  v a lu e  c r i t e r i o n  f o r  d r i l l i n g  in v estm en t d e c is io n s  th a n  th o s e  now 

in  u se  because  i t  s y s te m a t ic a l ly  acc o u n ts  f o r  c e r t a in  em o tio n a l b ia s e s  

t h a t  each  d e c is io n  maker h a s . These b ia s e s  in c lu d e  h i s  (o r  th e  f i r m 's )  

c o rp o ra te  g o a ls ,  h i s  a s s e t  p o s i t io n ,  and h i s  p re fe re n c e s  f o r  ta k in g  

gam bles o r  r i s k s .

W hile a  d e t a i l e d  s tu d y  o f  o i l  and gas w e ll  d r i l l i n g  investm en t 

d e c is io n s  i s  a d m itte d ly  fo c u s in g  on on ly  a  sm a ll,  s p e c ia l iz e d  group o f 

d e c is io n  m akers in  o u r o v e r a l l  economy, a  few s t a t i s t i c s  w i l l  in d ic a te  

th e  s ig n i f ic a n c e  o f  th e s e  d e c is io n s .  D uring  1963 th e  dom estic  p e tro leu m  

in d u s try  d r i l l e d  o v e r 41 ,400  w e lls  in  th e  U n ited  S ta te s  to  an av erag e  

d ep th  o f  4380 f e e t  p e r  w e ll ( 1 ) .  At an av erag e  c o s t  o f  $15 p e r  f o o t ,  

t h i s  r e p re s e n ts  an e x p e n d itu re  o f  $2 .7 2 0 .0 0 0 .0 0 0 . C o n s id e rin g  th a t  

th e re  w i l l  be 15 com panies in v o lv ed  ( th ro u g h  j o i n t  i n t e r e s t  o p e ra t io n s )  

in  ev ery  10 w e lls  d r i l l e d ,  and assum ing a d d i t io n a l  p ro s p e c ts  r e p re s e n t in g  

20 p e r  c e n t o f  th e  t o t a l  w e lls  d r i l l e d  w ere r e je c te d  f o r  one rea so n  o r  

a n o th e r ,  th e re  w ere a t  l e a s t  70 .000 in d iv id u a l  d r i l l i n g  in v estm en t 

p ro p o sa ls  e v a lu a te d  by th e s e  d e c is io n  makers d u rin g  1965! These f ig u r e s  

r e p r e s e n t  o n ly  th e  a c t io n s  o f  d om estic  f irm s  f o r  d r i l l i n g  w ith in  th e  

U n ited  S ta t e s .  The s im i la r  ty p e  d e c is io n s  made by p e tro leu m  com panies 

engaged in  c o m p e tit iv e  developm ent o f  o th e r  o i l  and gas p ro v in ce s  

th ro u g h o u t th e  f r e e  w orld  would in c re a s e  th e s e  f ig u r e s  c o n s id e ra b ly .

The g e n e ra l fo rm at o f  t h i s  t h e s i s  c o n s i s t s  o f  fo u r  p a r t s .  The 

f i r s t  p a r t  i s  a d e s c r ip t io n  o f  th e  g roups o f  peop le  making th e s e  d e c is io n s .



t o g e th e r  w ith  a  d is c u s s io n  o f  th e  m ethods and m easures o f  v a lu e  th a t  a re  

c u r r e n t ly  u sed  in  d r i l l i n g  in v estm en t d e c is io n s .  The second p a r t  p re s e n ts  

th e  h i s t o r i c a l  fo rm u la tio n  o f  u t i l i t y  th e o ry  and b r i e f l y  d e s c r ib e s  th e  

c u r r e n t  " s t a t e - o f - t h e - a r t "  when u s in g  i t  in  e x e c u tiv e  d e c is io n s .  I t  w i l l  

be shown th a t  th e  problem  o f  how to  i n i t i a l l y  c o n s tru c t  a  fu n c t io n a l  

r e p r e s e n ta t io n  ( u t i l i t y  cu rv e ) o f  a d e c is io n  m a k e r 's  r i s k  p re fe re n c e s  

h as been th e  p r in c ip le  o b s ta c le  to  i t s  im p lem en ta tio n . The t h i r d  p o r t io n  

d e s c r ib e s  a d r i l l i n g  in v estm en t d e c is io n  t e s t  th a t  was developed  in  t h i s  

r e s e a rc h  p r o je c t  to  y ie ld  d a ta  f o r  th e  c a l c u la t io n  o f  such  u t i l i t y  c u rv e s . 

To d e te rm in e  th e  u s e fu ln e s s  o f  t h i s  t e s t  i t  was p re s e n te d  to  a  number o f  

d e c is io n  m akers in  v a r io u s  o i l  com panies. The r e s u l t s  o f  th e s e  d e c is io n  

ex p erim en ts  a re  in c lu d ed  in  th e  t h i r d  c h a p te r .  The co n c lu d in g  c h a p te r  

i l l u s t r a t e s  th e  p r a c t i c a l  u se  o f  u t i l i t y  th e o ry  f o r  d r i l l i n g  in v estm en t 

d e c i s io n s .  Im p lic a tio n s  o f  th e  r e s e a rc h  and c o n c lu s io n s  a re  a ls o  p r e ­

s e n te d  a t  th a t  p o in t .

A lthough t h i s  th e s i s  i s  concerned  w ith  on ly  one sm all segm ent 

o f  c o rp o ra te  o p e ra t io n s ,  th e  c o n c lu s io n s  and im p lic a tio n s  c o n ta in e d  

h e r e in  a re  c o n s id e re d  a p p l ic a b le  to  th e  t o t a l  a re a  o f  c o rp o ra te  d e c is io n  

p o l i c i e s .



CHAPTER I

PRESENT METHODS USED IN DRILLING INVESTMENT DECISIONS

T h is  c h a p te r  i s  a g e n e ra l o v e r-v iew  o f  th e  d r i l l i n g  investm en t 

d e c is io n  as i t  i s  now p r a c t ic e d .  The f i r s t  s e c t io n  p re s e n ts  a  d e s c r ip t io n  

o f  th e  d r i l l i n g  d e c is io n  making p e rso n n e l and p ro c e d u re s . The second 

s e c t io n  d is c u s s e s  some o f  th e  many f a c to r s  w hich a re  c o n s id e re d  in  a 

d r i l l i n g  investm en t p ro p o s a l,  and th e  f i n a l  s e c t io n  sum m arizes th e  

g e n e ra l economic c r i t e r i a ,  o r  m easures o f  v a lu e  now used  to  e v a lu a te  

th e  p ro p o sa l.  T h is  l a t t e r  s e c t io n  p o in ts  ou t c r i t i c a l  w eaknesses o f  

th e  p re s e n t methods and su g g e s ts  th e  a p p l ic a t io n  o f  u t i l i t y  th e o ry  as  a 

s u p e r io r  d e c is io n  c r i t e r i o n .

D e s c r ip t io n  o f  D e c is io n  Making Group 

The c o rp o ra te  s t r u c tu r e  o f  m ost d om estic  p e tro leu m  com panies 

in c lu d e s  a  group o f  e x e c u tiv e s  who a re  v e s te d  w ith  a u th o r i ty  to  a l l o ­

c a te  funds f o r  th e  d r i l l i n g  o f  e x p lo ra to ry  and developm ent w e lls .

T h is  group rev iew s each  d r i l l i n g  p ro sp e c t and e i t h e r  a u th o r iz e s  o r  

r e j e c t s  th e  p ro p o sa l acc o rd in g  to  i t s  in d iv id u a l  m e r i ts .  T h is  body 

ty p i c a l l y  c o n s is t s  o f  th e  top  e x e c u tiv e  o f  th e  p a r t i c u l a r  management 

ech e lo n  to g e th e r  w ith  h is  su b o rd in a te  departm en t h ead s. The s iz e  o f  

th e  group v a r ie s  from 6 to  10 peop le  in  th e  l a r g e r  o rg a n iz a tio n s  to  

perhaps 2 o r  3 in  th e  s m a lle r  f irm s . The d e c is io n  group may a ls o  in ­

c lu d e  th e  heads o f  c e r t a i n  s t a f f  g ro u p s , such as e n g in e e r in g , g e o lo g ic a l ,
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and land  d ep a rtm en ts . S c h e m a tic a lly , a t y p i c a l  d e c is io n  group would 

ap p ea r as in  F ig u re  1. These groups may convene d a i ly ,  b i-w e e k ly , o r  

once a  week depending  on th e  q u a n t i ty  o f  d r i l l i n g  p ro s p e c ts  b e in g  con ­

s id e re d .  In  a  few o rg a n iz a t io n s  th@ d r i l l i n g  in v e stm en t p ro p o sa ls  a re  

p re se n te d  to  each  d e c is io n  m aker in d iv id u a l ly  r a th e r  th a n  to  th e  assem bled  

group.

D iv is io n )* r  
R eg ional Mgr.

Manager o f 
P roducing  D ept.

M anager o f
E x p lo ra tio n
D epartm ent

Manager o f  
A ccounting  

and C le r i c a l

C h ie f  P e tro leu m  C h ie f  Head o f
E ng ineer G e o lo g is t Land D ept.

C h ie f
G e o p h y s ic is t

FIGURE 1. r  T y p ic a l d r i l l i n g  in v estm en t 
d e c is io n  making group

A d r i l l i n g  in v estm en t p ro p o sa l i s  u s u a l ly  p re s e n te d  to  th e  d e c is io n  

group by a p e rso n  who i s  n o t a member o f  th e  g roup , such  as th e  p e tro leu m  

e n g in e e r  o r  g e o lo g is t  th a t  p rep a red  th e  recom m endation. T h is  p e rso n  w i l l  

p re s e n t  a  c o n c ise  summary o f  th e  p e r t i n e n t  e n g in e e r in g  and g e o lo g ic a l  

f a c t o r s ,  to g e th e r  w ith  th e  econom ic m easures o f  v a lu e  u t i l i z e d  by th e  

company to  r a t e  d r i l l i n g  in v e s tm e n ts . The group may th e n  d is c u s s  th e  

p ro p o sa l o r  c l a r i f y  c e r t a i n  p o in t s ,  a f t e r  w hich a  d e c is io n  to  a c c e p t o r



r e j e c t  i s  made. The manner in  w hich th e  group members make th e  d e c is io n  

p ro b ab ly  v a r ie s  from  p ro p o sa l to  p ro p o sa l and undoub ted ly  v a r ie s  betw een 

com panies. F o r exam ple, one d e c is io n  group may v o te ,  a n o th e r  group may 

s t a t e  t h e i r  in d iv id u a l  th o u g h ts  a f t e r  w hich th e  to p  e x e c u tiv e  makes th e  

d e c is io n  p e r s o n a l ly .

The above d e s c r ip t io n  o f  th e  d e c is io n  making groups i s  c o n s id e re d  

ty p i c a l  o f  most o i l  company o rg a n iz a t io n s .  S p e c i f ic  d e s c r ip t io n s  o f  th e  

d e c is io n  g roups w hich p a r t i c ip a te d  in  th e  e x p e rim e n ta l phase o f  t h i s  

r e s e a rc h  w i l l  be g iv e n  a t  a l a t e r  p o in t .  I t  i s  to  be o b served  th a t  th e se  

d e c is io n  making g roups a re  u s u a l ly  re s p o n s ib le  f o r  a d d i t io n a l  ty p e s  o f  

d e c is io n s  w ith in  th e  c o rp o ra te  e c h e lo n , such  as  ac re ag e  p u rc h a se s , p la n t  

and f a c i l i t y  e x p e n d itu re s ,  e t c .  However, d r i l l i n g  d e c is io n s  g e n e ra lly  

c o n s t i t u t e  a p rim ary  fu n c tio n ,  and a re  th e  o n ly  ty p es  o f  d e c is io n s  b e in g  

c o n s id e re d  in  t h i s  s tu d y .

D e s c r ip tio n  o f  F a c to rs  C onsidered  in  D r i l l i n g  D e c is io n s

A d r i l l i n g  in v estm en t p ro p o sa l i s  u s u a l ly  p re s e n te d  as a b r i e f  

summary o f  th e  p e r t i n e n t  c o n s id e ra t io n s .  A l i s t  o f  some o f  th e se  f a c to r s  

m ight be su b d iv id e d  in to  ta n g ib le  (m easu rab le , o r  d e f i n i t i v e )  and 

in ta n g ib le  f a c to r s  (T ab le  1 ) . W hile t h i s  l i s t  i s  perhaps n o t e x h a u s tiv e  

i t  c o n ta in s  th e  e s s e n t i a l  f a c to r s  c o n s id e re d  in  th e  d e c is io n  to  d r i l l  

a w e l l .  Grayson p re s e n ts  a  lu c id  d e s c r ip t io n  o f  many o f  th e s e  f a c t o r s ,  

p a r t i c u l a r l y  th o se  d e s ig n a te d  in  T ab le  1 as ta n g ib le  (2 ) .  A lthough 

th e  d e c is io n  problem  w i l l  be re d e f in e d  s h o r t ly ,  t h i s  l i s t  i s  p re se n te d  

to  i l l u s t r a t e  th e  m u lti tu d e  o f  f a c to r s  w hich a re  no rm ally  c o n s id e re d .

I t  i s  to  be n o te d  th a t  many o f  th e s e  f a c to r s  a re  n o t c o n ta in e d  q u a n t i ­

t a t i v e l y  in  th e  u s u a l  p r o f i t a b i l i t y  m easu res. T ence, a  d e c is io n  may



TABLE 1

FACTORS WHICH ARE CONSIDERED IN DRILLING 

INVESTMENT DECISIONS

TANGIBLE FACTORS

1. G eologic C o n d it io n s ; s t r u c t u r a l  p o s i t io n ,  c lo s u re ,
t r e n d s ,  a v a i l a b i l i t y  o f  se ism ic  d a ta ,  e t c .

2. E n g in ee rin g  C o n s id e ra t io n s ; perform ance o f  o f f s e t
o r  n earby  w e l l s ,  why w ere nearby  d ry  h o le s  abandoned, 
w hat a re  e s tim a te d  r e s e rv e s ,  w hat i s  p r o b a b i l i ty  
th a t  re c o v e ra b le  re s e rv e s  w i l l  eq u a l th o se  o r ig i n a l l y  
e s tim a te d  (s ta te m e n ts  o f  r i s k ) .

3 . D r i l l in g  Commitments; le a s e  e x p i r a t io n s ,  ro y a lty
owner demands, o f f s e t  o b l ig a t io n s ,  fo rc e d  p o o lin g , 
p e n a l ty  c la u s e s ,  e t c .

4 . A v a i l a b i l i ty  o f  Funds.

5 . P r o f i t a b i l i t y , le n g th  o f  tim e to  p ay o u t, r e tu r n  on
in v e s tm e n t, a llo w a b le  p ro d u c tio n , w hat w i l l  be 
e f f e c t s  on c o m p e tit iv e  p o s i t io n  i f  w e ll  n o t d r i l l e d ,  
i f  a  gas w e ll  how long  w i l l  i t  be s h u t - in .

6. W eather C o n d it io n s ; a p p l ic a b le  f o r  d r i l l i n g  o p e ra tio n s
in  c e r t a in  p a r t s  o f  th e  w orld .

INTANGIBLE FACTORS

7. D ec is io n  m a k e r 's  C h a r a c t e r i s t i c s ; e x p e r ie n c e ,
judgm ent, p e rso n a l b ia s ,  o p in io n s , mood, i n t u i t i o n ,  
gam bling ( r i s k )  p re fe re n c e s .

8 . C o rp o ra te  G o als .

9. P o l i t i c a l  F a c to r s .

10. Luck.
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re s o lv e  to  one o f  e v a lu a t in g  th e  " p lu s "  f a c to r s  a g a in s t  th e  " n e g a tiv e "  

f a c to r s  In  some a r b i t r a r y  and s u b je c t iv e  m anner. W hile c e r t a in  "p lu s"  

and " n e g a tiv e "  f a c to r s  In v o lv in g  Judgment w i l l  alw ays ap p ea r in  d r i l l i n g  

d e c is io n s .  I t  i s  d e s i r a b le  to  combine some o f  th e  c o n s id e ra t io n s  w hich 

o c c u r  in  ev ery  d e c is io n  (such  as a s s e t  p o s i t io n ,  c o rp o ra te  g o a ls ,  and 

r i s k  p re fe re n c e s )  In to  a  fo rm al d e c is io n  c r i t e r i o n .  T h is s tu d y  w i l l  

show th a t  a p p l ic a t io n  o f  u t i l i t y  th e o ry  I s  a co n v en ien t p ro ced u re  to  

a ch iev e  t h i s  g o a l.

At t h i s  p o in t  I t  I s  w e ll  to  c o n s id e r  w here th e  u n c e r ta in ty  

e x i s t s  In  th e se  f a c t o r s .  The d e c is io n  to  d r i l l  a  w e ll  f o r  o i l  o r  gas 

I s  a  c l a s s i c  exam ple o f  u n c e r ta in ty .  O bviously  when a  company Is  go ing  

to  In v e s t as  much as  two m i l l io n  d o l l a r s  to  d r i l l  a w e ll I t  would be 

h ig h ly  d e s i r a b le  to  be a s s u re d , w ith  c e r t a i n t y ,  th a t  th e  w e ll  w i l l  be 

s u c c e s s fu l  and w i l l  e n c o u n te r  re s e rv e s  a t  l e a s t  eq u a l to  th o se  e s tim a te d  

a t  th e  tim e o f  d e c is io n .  C e r ta in ly  modern p e tro leu m  e n g in e e r in g , geo­

l o g i c a l ,  and g e o p h y s ic a l te c h n iq u e s  have Improved o u r  a b i l i t y  to  p r e d ic t  

s u i t a b le  d r i l l i n g  lo c a t io n s ,  and th u s  t r y  to  ach iev e  some d eg ree  o f  

c e r t a in t y .  The f a c t  rem ain s , however^ th a t  th e  b e s t  o f  ou r modem te c h ­

n iq u e s  s t i l l  a re  n o t t o t a l l y  s a t i s f a c t o r y ,  as ev idenced  by th e  f a c t  t h a t  

o f  th e  41 ,423  w e lls  d r i l l e d  In  th e  U n ited  S ta te s  In  1965, 16.016 w ere 

d ry  h o le s  (1 ) .  These t o t a l s  In c lu d e  8265 e x p lo ra to ry  w e lls  o f  w hich 

7150 were d ry , and 33 ,158 developm ent w e lls  o f  w hich 8866 w ere d ry . 

T h e re fo re , In  any d r i l l i n g  Investm ent p ro p o sa l th e  d e c is io n  maker must 

alw ays acknowledge th a t  one o f  th e  p o s s ib le  outcomes w i l l  be a d ry  h o le .

Most d r i l l i n g  Investm en t d e c is io n  makers w i l l  a ls o  acknowledge 

th a t  lu ck  I s  an e v e r -p r e s e n t  f a c t o r .  In  t h i s  c o n te x t ,  luck  m ight be



d e f in e d  as  th e  f o r tu i to u s  o c c u rre n c e  o f  some secondary  e v en t w hich p re v e n ts  

th e  t o t a l  lo s s  o f  th e  in v estm en t when p rim ary  o b je c t iv e s  do n o t o c c u r  as  

f o r e c a s t .  F o r exam ple, a  w e ll  was r e c e n t ly  d r i l l e d  in  th e  Anadarko B asin  

o f  n o rth w es t Oklahoma to  t e s t  Morrow sa n d s . Upon re a c h in g  t o t a l  d ep th  

th e  o p e ra to r  found th e  Morrow was sh a le d  o u t ,  b u t lo g s  in d ic a te d  th e  

p re sen ce  o f  a  s t r a y  Red F ork  in t e r v a l .  The zone was t e s t e d  and com pleted  

as  a  f a i r l y  good gas w e l l .  S in ce  th e re  was no g e o lo g ic a l  ev id en ce  o f  

p o t e n t i a l  Red Fork pay in  t h i s  g e o g ra p h ic a l a re a  b e fo re  th e  w e ll  was 

d r i l l e d ,  c e r t a in l y  th e  o p e ra to r  must acknowledge th e  p re se n c e  o f  lu ck  

in  p re v e n tin g  a $200,000 lo s s  in  a d ry  h o le . A nother exam ple i s  th e  

d isc o v e ry  o f  th e  la rg e  Swanson R iv e r F ie ld  in  A laska. Subsequent d e ­

velopm ent a f t e r  co m p le tio n  o f  th e  d isc o v e ry  w e l l ,  th e  R ic h f ie ld  O il 

C o rp o ra tio n  -  Swanson R iv e r U n it No. 1, in d ic a te d  i t  to  be th e  n o r th e r n ­

m ost p ro d u c tiv e  w e ll  in  th e  f i e l d !  I t  i s  in t e r e s t i n g  to  c o n je c tu re  i f  

th e  59 w e ll  f i e l d  w o iId  have been  d isc o v e re d  i f  th e  Swanson R iv e r U n it 

No. 1 had been d r i l l e d  a m ile  n o r th  o f  i t s  p re s e n t  lo c a t io n .

A r e d e f i n i t i o n  o f  th e  f a c to r s  in  th e  d r i l l i n g  d e c is io n  i s  now 

a p p ro p r ia te  to  b r in g  th e  o b je c t iv e s  o f  t h i s  re s e a rc h  in to  s h a rp e r  fo c u s . 

Irw in  D. J .  B ro ss , in  h i s  book D esign f o r  D e c is io n , su g g e s te d  th a t  th e  

d e c is io n  p ro c e ss  b a s ic a l ly  in c lu d e s  two p a r t s ;  a  p r e d ic t in g  system  and 

a  v a lu e  system  ( 3 ) .  F o llo w in g  t h i s  d e f i n i t i o n  b u t in  th e  c o n te x t o f  th e  

problem  a t  hand , th e  p r e d ic t in g  system  r e p re s e n ts  th e  a ssessm en t o f  d r i l l i n g  

p ro s p e c ts  by th e  g e o lo g is t  and p e tro leu m  e n g in e e r  -  ro u g h ly , th e  " ta n g ib le  

f a c to r s "  in  T ab le 1. The v a lu e  system  c o n s i s t s  o f  a s s o c ia t in g  some m easure 

o f  v a lu e  to  each  p o s s ib le  outcome and e v a lu a t in g  th e se  m easures as  th ey  

r e l a t e  to  th e  d e c is io n  m a k e r 's  g o a ls  and d e s i r e s .  F o r exam ple, a commonly
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u sed  m easure o f  v a lu e  i s  o u r m onetary  system . C e r ta in ly  th e  d r i l l i n g  

p ro s p e c t o f  a  p ro d u ce r w ith  a  n e t  p r o f i t  o f  $600,000 o r  a  d ry  h o le  c o s t in g  

$200,000 e l i c i t  d e f i n i t e  r e a c t io n s  in  th e  d e c is io n  m a k e r 's  v a lu e  system .

From th e s e  r e a c t io n s  he p ro b ab ly  i s  a b le  to  reac h  some s o r t  o f  d e c is io n  

abo u t th e  p ro s p e c t.  W hile th e  d o l l a r  i s  a rem arkab ly  v e r s a t i l e  m easure 

o f  v a lu e , u t i l i t y  th e o ry  ap p ea rs  co r e p re s e n t  a  s u p e r io r  v a lu e  system  

t h a t  n o t on ly  c o n s id e rs  m onetary  lo s s e s  and g a in s ,  b u t a ls o  th e  r i s k  

p r e f e r e n c e s ,  a s s e t  p o s i t io n ,  and g o a ls  o f  th e  d e c is io n  maker as  w e ll .

The rem ainder o f  t h i s  s tu d y  w i l l  be concerned  w ith  th e  v a lu e  system  o f 

th e  d r i l l i n g  in v estm en t d e c is io n  maker.

A lthough no f u r th e r  em phasis w i l l  be g iv en  th e  p r e d ic t in g  system , 

w hich i s  n o rm ally  a s s o c ia te d  w ith  th e  p e tro leu m  e n g in e e r 's  c o n c lu s io n s  

and recom m endations r a th e r  th a n  th e  d e c is io n  m aker, i t  i s  w e ll  to  empha­

s iz e  th e  g r e a t  im portance o f  th e  p r o b a b i l i ty  e s t im a te s  p re s e n te d  to  th e  

d e c is io n  group . F o r an o p tim a l d e c is io n ,  a com pany's management m ust n o t 

o n ly  have a  sound v a lu e  system  b u t a ls o  a  c l e a r  a sse ssm en t o f  th e  r i s k  

a s s o c ia te d  w ith  each  d r i l l i n g  p ro s p e c t c o n s id e re d . I f  th e  p r o b a b i l i ty  

e s t im a te s  a re  p o o r, th e  d e c is io n  based  upon them w i l l  a l s o  be poo r - 

even  though th e  d e c is io n  maker m ight be u s in g  th e  b e s t  v a lu e  c r i t e r i o n  

a v a i la b l e .  I t  w i l l  be seen  t h a t  th e  a p p l ic a t io n  o f  u t i l i t y  th e o ry  in v o lv es  

th e  p r o b a b i l i t i e s  o f  o c c u rre n c e  o f  v a r io u s  outcom es by d i r e c t  m u l t ip l ic a t io n .  

However, o b ta in in g  r e p r e s e n ta t iv e  p r o b a b i l i ty  e s t im a te s  f o r  th e  outcomes 

w hich m ight o ccu r from  th e  d r i l l i n g  o f  a  w e ll  i s  indeed  a  problem  in  

i t s e l f .  The em phasis on th e  v a lu e  phase o f  th e  d e c is io n  in  t h i s  s tu d y  i s  

n o t meant to  im ply th a t  r i s k  a n a ly s i s  i s  any le s s  o f  a  problem . On th e  

c o n t r a r y ,  th e  grow ing eniphasis on fo rm al d e c is io n  th e o ry  w i l l  u l t im a te ly
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r e q u ir e  s im i la r  re s e a rc h  to  improve ou r a b i l i t i e s  to  a s s e s s  r i s k  in  

d r i l l i n g  investm en t d e c is io n s .

D r i l l in g  D ec is io n  C r i t e r i a  

W hile m ost, i f  n o t a l l ,  o f  th e  f a c to r s  l i s t e d  in  T ab le  1 a re  

c o n s id e re d  in  th e  d e c is io n ,  th e  f i n a l  and p red o m in a tin g  c o n s id e ra t io n s  

a re  u s u a l ly  th e  p r o f i t a b i l i t y  c r i t e r i a .  F o r no m a tte r  how im p ressiv e  

th e  g e o lo g ic a l su p p o rt f o r  a proposed lo c a t io n ,  th e  d e c is io n  maker i s  

n o t go ing  to  fa v o r  th e  p ro p o sa l i f  i t  does n o t s ta n d  a re a so n a b le  chance 

o f  b e in g  an economic su c c e s s . The c r i t e r i a  now b e in g  used  to  e v a lu a te  

"economic su c c e ss"  u s u a lly  in c lu d e  s e r v e r a l ,  o r  a l l ,  o f  th e  fo llo w in g :

1. Payout tim e

2. U ndiscounted  o r  d isc o u n te d  p r o f i t  to  in v estm en t
r a t i o  ( re tu rn -* o n -in v estm en t)

3 . D iscoun ted  r a t e  o f  r e tu r n

4 . Expected m onetary v a lu e  (m ath em atica l e x p e c ta t io n ) .

In  a d d i t io n ,  v a r io u s  com panies may have o th e r  more e s o te r i c  c r i t e r i a  w hich 

they  app ly  in  com bination  w ith  th e  above f a c t o r s .  F o r exam ple. N o rth ern  

(4) l i s t s  s e v e ra l  a d d i t io n a l  m easures o f  v a lu e , and H ard in  (5 ) d e s c r ib e s  

a  " p r o f i t - r i s k "  r a t i o  fo r  e v a lu a tin g  e x p lo ra to ry  d r i l l i n g  in v e s tm e n ts .

The f i r s t  th r e e  m easures o f  v a lu e  l i s t e d  above c o n ta in  no s t a t e ­

m ents o f  r i s k .  T h e ir  u se  as v a lu e  c r i t e r i a  in  d r i l l i n g  investm en t 

d e c is io n s  r e q u ir e s  some s ta te m e n t o f minimum a c c e p ta b le  l im i t s .  F o r 

exam ple, what i s  th e  minimum r a t e  o f r e tu r n  t h a t  sh o u ld  be p e rm itted ?

Or what minimum re tu m -o n - in v e s tm e n t shou ld  be e s ta b l i s h e d  f o r  d r i l l i n g  

inv estm en ts?  These a re  sometimes d i f f i c u l t  q u e s t io n s  to  answ er. F o r 

exam ple, u se  o f  th e  r a t e  o f  r e tu r n  c r i t e r i o n  would su g g es t th a t  th e
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minimum a c c e p ta b le  r a t e  o f  r e tu r n  shou ld  be th e  f i r m 's  c o s t  o f  o b ta in in g  

c a p i t a l  to  f in a n c e  th e  in v estm en t. I t  i s  a common p r a c t i c e ,  how ever, to  

a r b i t r a r i l y  s e l e c t  a h ig h e r  minimum r a te  o f  r e tu r n  to  accoun t f o r  th e  

u n c e r ta in ty  o f  re s e rv e  e s t im a te s ,  th e  chance o f  a  d ry  h o le ,  e t c .  The 

d e c is io n  maker must th e n  ask  h im se lf  "How much above th e  c o s t  o f  c a p i t a l  

sh o u ld  I  e s t a b l i s h  th e  minimum r a t e  o f  r e tu r n  to  in s u re  p r o te c t io n  from  

th e  chance o f a d ry  h o le ,  b u t y e t be a s su re d  o f  n o t p a s s in g  up good 

p ro sp e c ts  because  o f  a minimum r a t e  o f  r e tu r n  th a t  i s  s e t  too  h ig h ?"

I t  i s  a ls o  a common p r a c t i c e ,  p a r t i c u l a r ly  among s m a lle r  o p e r a to r s ,  to  

u se  th e  re tu rn -o n - in v e s tm e n t r a t i o  as th e  p r in c ip le  m easure o f  v a lu e .

They may use  as a  c r i t e r i o n  o b ta in in g  $0 .80  n e t  p r o f i t  p e r  d o l l a r  In v e s te d . 

To s e l e c t  t h i s  minimum re q u ir e s  c o n s id e ra t io n  o f  th e  f i r m 's  s h o r t  and long 

term  g o a ls  and th e  r a t e  o f  tu rn o v e r  o f  in v e s te d  c a p i t a l  (p a y o u t) .

In  a d d i t io n  to  th e  problem  o f  e s ta b l i s h in g  minimum a c c e p ta b le  

v a lu e s  o f  th e  f i r s t  th r e e  d e c is io n  c r i t e r i a ,  i t  i s  easy  to  v i s u a l i z e  th a t  

th e se  "minimums" do n o t rem ain  c o n s ta n t w ith  tim e . A r a i s i n g  o r  low ering  

o f  p re v io u s ly  s e t  minimums may be re q u ire d  as  changes in  th e  f i r m 's  a s s e t  

p o s i t io n  and g o a ls  o c c u r. T h is  o f  co u rse  in tro d u c e s  th e  p o s s i b i l i t y  o f  

in c o n s i s te n t  d e c is io n  p o l i c i e s .  A company may, due to  lo w erin g  o f  th e  

minimums, d r i l l  a p ro sp e c t th a t  i t  had r e je c te d  a month p r io r ,  o r  v ic e  

v e r s a .  A ll o f  th e s e  problem s a s s o c ia te d  w ith  u se  o f  th e  f i r s t  th r e e  

m easures o f  v a lu e  r e s u l t  from a  v a lu e  system  th a t  i s  based  s o le ly  on 

m onetary v a lu e s .

The concep t o f  m a th em atica l e x p e c ta t io n ,  o r  ex p ec ted  m onetary 

v a lu e , i s  th e  t r a d i t i o n a l  approach  to  d e c is io n  making u n d er c o n d i t io n s  

o f  u n c e r ta in ty .  Use o f  t h i s  c r i t e r i o n  c o n s i s t s  o f  m u l t ip l ic a t io n  o f  a
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p r o b a b i l i ty  o£ o c c u rre n c e  w ith  th e  f in a n c ia l  p ay o ff f o r  each  p o s s ib le  

outcom e. F o r exam ple, i f  R  i s  th e  p r o b a b i l i ty  t h a t  a p a r t i c u l a r  outcome 

w i l l  o c c u r and 5  i s  th e  p ay o ff  ( p r o f i t  o r  lo s s )  to  be r e a l iz e d  by th e  

d e c is io n  maker i f  th e  outcome o c c u rs , th e n  P X  5  i s  th e  "ex p ec ted  

v a lu e "  o f  th e  outcom e. I f  th e re  a re  two o r  more p o s s ib le  outcom es th e  

ex p ec ted  v a lu e s  f o r  each  outcome a re  summed a lg e b r a ic a l ly ,  w ith  th e  

d e c is io n  b e in g  to  a c c e p t th e  a c t  i f  th e  sum i s  p o s i t i v e .  I f  s e v e ra l  

d e c is io n  a l t e r n a t i v e s  a re  b e in g  c o n s id e re d  th e  c r i t e r i o n  i s  to  s e l e c t  

th e  a l t e r n a t i v e  w hich w i l l  maximize ex p ec ted  m onetary  v a lu e .

As an i l l u s t r a t i o n  c o n s id e r  th e  d r i l l i n g  p ro sp e c t shown in  T able 

2 in  w hich th e  d e c is io n  maker i s  c o n s id e r in g  th e  a l t e r n a t i v e s  o f  d r i l l i n g  

o r  farm  o u t.  U sing th e  c r i t e r i o n  o f  m axim izing ex p ec ted  v a lu e  th e  

d e c is io n  i s  to  d r i l l  th e  p ro s p e c t .  I t  can  be shown th a t  m a th em atica l 

e x p e c ta t io n  i s  n o th in g  more th a n  an a r i th m e t ic  av erag e  o f  f i n a n c i a l  r e s u l t s  

o v er re p e a te d  d e c is io n s .  T hat i s ,  th e  ex p ec ted  v a lu e  o f  $280,000 i s  th e  

av erag e  p e r -w e ll  p r o f i t  t h a t  w i l l  be r e a l iz e d  i f  a s e r i e s  o f  w e lls  hav ing  

p ay o ffs  and p r o b a b i l i t i e s  shown in  T ab le  2 a re  d r i l l e d .

M athem atica l e x p e c ta t io n  i s  a b e t t e r  m easure o f  v a lu e  th a n  th e  

f i r s t  th r e e  d e c is io n  c r i t e r i a  l i s t e d  because  i t  in c lu d e s  s ta te m e n ts  o f  

r i s k .  The method can  be used  w ith  any number o f  p o s s ib le  outcom es (so  

long  as th e  p r o b a b i l i t i e s  f o r  a l l  outcom es s t a t e d  sum to  1 .0 )  and can  

in c lu d e  th e  e v a lu a t io n  o f  any number o f  d e c is io n  a l t e r n a t i v e s .  The n o tio n  

o f  ex p ec ted  v a lu e  i s  a t  l e a s t  th r e e  c e n tu r ie s  o ld ,  a lth o u g h  i t  was g iv en  

s l i g h t l y  d i f f e r e n t  te rm in o lo g y  d u r in g  i t s  h i s to r y .  L ap lace  term ed th e  

co n cep t "m ath em atica l h o p e" , and in  h i s  book A P h ilo s o p h ic a l  Essay on 

P r o b a b i l i t i e s  ( 6 ) ,  p u b lish e d  in  1814, he s t a t e d :  " . . .  we ought alw ays in
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TABLE 2

EXAMPLE OP EXPECTED VALUE CONCEPT

D e c is io n  A l te rn a t iv e s

Outcomes
P rob . o f 
Outcome

D r i l l  
(100% WI)

Farm Out 
(R e ta in  1/8  ORI)

Dry Hole 0 .4 -  $200,000 0

P roducer 
(5 BCF)

0 .6 ■¥ $600,000 +  $50,000

E X P E C T E D  VALUE OF "DRILL":

\-$2OO,OOo ][0A] +[^$bOOpOQ\\0.6]=■^$28O,OOO 

E X P E C T E D  VALUE OF “F A R M  OUj" 

I 0) I CL 4 I + 1 + ̂ 5 0 ,OOO)(0.6) =-1^30,000 

DECISION-. DRILL

th e  conduct o f  l i f e  to  make th e  p ro d u c t o f  th e  b e n e f i t  hoped f o r ,  by i t s  

p r o b a b i l i t y ,  a t  l e a s t  eq u a l to  th e  s im i la r  p ro d u c t r e l a t i v e  to  l o s s . "

I t  i s  s i g n i f i c a n t  to  n o te  th a t  w h ile  ex p ec ted  v a lu e  i s  a  b e t t e r  

d e c is io n  c r i t e r i o n  th a n  th o se  p re v io u s ly  l i s t e d  because  i t  in c lu d e s  s t a t e ­

m ents o f  r i s k ,  i t  s t i l l  has a  c r i t i c a l  w eakness. T h is  r e s u l t s  from  th e  

f a c t  th a t  i t  im p lie s  th a t  th e  d e c is io n  maker i s  t o t a l l y  im p a r t ia l  

to  money, r e g a rd le s s  o f  th e  amount in v o lv ed . I f  a  m ajor o i l  company 

were c o n s id e r in g  th e  p ro sp e c t in  T able 2 i t  may w e ll  choose to  d r i l l .
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But a sm all independen t o p e ra to r  w ith  a l im ite d  annual d r i l l i n g  budget i s  

g o ing  to  view  th e  p ro p o sa l d i f f e r e n t l y .  In  f a c t ,  th e  s p e c te r  o f  p o s s ib ly  

lo s in g  a s iz e a b le  p o r t io n  o f  h i s  annual budget in  j u s t  one d ry  h o le  may 

cau se  th e  sm all o p e ra to r  to  r e j e c t  th e  p ro p o s a l, d e s p i te  i t s  ap p aren t 

p r o f i t a b i l i t y .  And y e t i f  b o th  d e c is io n  m akers w ere u s in g  ex p ec ted  v a lu e  

as th e  d e c is io n  c r i t e r i o n ,  th e  d e c is io n  f o r  b o th  would be to  d r i l l .

Some o f  th e s e  p h i lo s o p h ic a l  q u e s t io n s  co n ce rn in g  m athem atica l 

e x p e c ta t io n  and p e rso n a l v a lu e s  w ere th e  cau se  o f  much concern  to  some 

o f  th e  e a r ly  m a th em a tic ian s . The n o te d  Sw iss m athem atic ian  D an ie l B e rn o u ll i  

(1700 - 1782) was one o f  th e  f i r s t  to  su g g e s t th a t  m onetary v a lu e s  a lo n e  

do n o t a d e q u a te ly  re p re s e n t  a  p e r s o n 's  v a lu e  system . He su g g es ted  th a t  

th e  u t i l i t y  ( d e s i r a b i l i t y ,  u s e fu ln e s s )  o f  money i s  in v e rs e ly  p ro p o r t io n a l  

to  th e  amount be a lre a d y  h as . He p roposed  t h i s  th e o ry  to  re s o lv e  th e  

famous S a in t P e te rsb u rg  P aradox, w hich i s  d e s c r ib e d  below as a s im ple  

C O in -f lip p in g  game.

P la y e r  A pays $1 to  P la y e r  B f o r  th e  p r iv i l e g e  o f  p la y in g  
th e  game. The game c o n tin u e s  u n t i l  th e  f i r s t  t a i l  a p p e a rs . F or 
each  head th a t  o ccu rs  P la y e r  B pays a rew ard ( p r iz e )  o f  $1 t o .
P la y e r  A. The d e c is io n  i s :  Should P la y e r  A p la y  th e  game?

To e v a lu a te  th e  d e c is io n  a  p ay o ff ta b le  i s  c o n s tru c te d  
o f  th e  p o s s ib le  outcomes o f  th e  f l i p  o f  a f a i r  c o in .

P ro b a b i l i ty  Reward to
Outcome o f Outcome P la y e r  A, d o l l a r s

T 1 /2  0
HT 1 /4  1
HHT 1/8 2
HHHT 1/16  3
HHHHT 1/32 4

The e x p e c ta t io n  c f  P la y e r  A, E^, i s  th en  g iven  as

E = ~^0 +^x/  +  ̂X 2 +-^x3 + ^ x  f  +  - /
A 2 4 8 16 32
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(v h ere  th e  -1 I s  th e  c o s t  o f  p la y in g  th e  game).
I t  can  be shown th a t  th e  above s e r i e s  converges t o - f l  and hence 
E ^=  + 1  - 1 =  0 . T h is  game i s  c a l le d  a " f a i r  game" s in c e  th e  
e x p e c ta t io n  o f  b o th  P la y e rs  i s  z e ro . P la y e r  A 's  w in n in g s , t h e r e ­
f o r e ,  w i l l  e x a c t ly  e q u a l h i s  lo s s e s  ( c o s t  o f  p la y in g  th e  game) 
o v e r a long number o f  games. C on c lu sio n  -  in  th e  long  ru n  he 
has n o th in g  to  g a in  by p la y in g .

The r u le s  o f  th e  game a re  now re v is e d  s l i g h t l y  to  i l l u s t r a t e  

th e  S a in t  P e te rsb u rg  Paradox.

The r u le s  a re  e x a c t ly  as s t a t e d  p re v io u s ly  ex ce p t f o r  th e  
rew ards made by P la y e r  B to  P la y e r  A f o r  th e  o c c u rre n c e  o f  a 
head . Now P la y e r  B pays $1 f o r  th e  f i r s t  head , $2 f o r  two h ead s,
$4 f o r  th r e e  h e a d s , $8 f o r  fo u r  h ead s , e t c . , each  tim e d o u b lin g  
th e  p rev io u s  paym ent. N a tu ra l ly  P la y e r  A sh o u ld  pay a h ig h e r  
s ta k e  ( th a n  $1) to  p la y  s in c e  th e  rew ards a re  h ig h e r .  The q u e s tio n  
i s :  What i s  a  f a i r  s ta k e  f o r  P la y e r  A to  pay f o r  th e  p r iv i le g e
o f p la y in g  th e  game?

Again th e  e x p e c ta t io n  o f  P la y e r  A i s  an i n f i n i t e  s e r i e s ,  
minus th e  s ta k e ,  and i s  g iv en  as

I + g x 2  + 4 + ....-STAKE ,

^  + 1/̂ - STAKE.
s in c e  th e  sum o f th e  s e r i e s  i s  i n f i n i t e .  P la y e r  B sh o u ld  re fu s e  
to  p la y  even though P la y e r  A o f f e r s  a  s ta k e  e q u a l to  a l l  th e  
g o ld  in  F o r t  Knox! T h is  i s  a  paradox  because  m ost p eo p le  would 
g la d ly  be P la y e r  B i f  P la y e r  A o f f e r e d  to  pay a  s ta k e  o f  one 
m i l l io n  d o l l a r s .

To re s o lv e  t h i s  P aradox, D an ie l B e rn o u ll i  s u g g e s te d  t h a t  th e  

lo g a rith m  o f  th e  rew ard (p a y o f f ) ,  r a th e r  th a n  th e  rew ard  i t s e l f ,  i s  

th e  a p p ro p r ia te  m easure o f  th e  u t i l i t y  o f  th e  p o s s ib le  rew ards to  

P la y e r  A. T h is  su g g e s tio n  o f  co u rse  made th e  s e r i e s  o f  ex p ec ted  

v a lu e s  converge , from w hich a " f a i r "  s ta k e  c o u ld  be com puted. H i s to r i c a l l y ,  

t h i s  i s  a p p a re n tly  th e  f i r s t  su g g e s tio n  th a t  an in d i v id u a l 's  v a lu e  o f  

money i s  r e l a t e d  to  how much he a lre a d y  h a s . B e rn o u l l i  th u s  in tro d u c e d  

th e  n o tio n  o f  u t i l i t y  in  t h i s  c o n te x t .  I t  i s  i n t e r e s t i n g  to  n o te  t h a t  

t h i s  in g en io u s  s o lu t io n  to  th e  S a in t  P e te rsb u rg  Paradox m ere ly  led  

m a th em atic ian s  to  d e v ise  new v e rs io n s  o f  th e  game in  w hich th e  e x p e c ta t io n
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once a g a in  becomes i n f i n i t e ,  even w ith  lo g a rith m s .

A ll o f  th e  d is c u s s io n  above, w h ile  p o in t in g  o u t th e  c r i t i c a l  

w eaknesses o f  th e  commonly used  m easures o f  v a lu e ,  r e a l l y  su g g e s ts  

th a t  u l t im a te ly  th e  d e c is io n  maker must f in d  a m easure o f  v a lu e  which 

acc o u n ts  f o r  c e r t a i n  em o tio n a l b ia s e s  as w e ll  as m onetary  v a lu e s .  To 

do t h i s  he must exam ine th e  e x te n t  to  w hich v a r io u s  b ia s e s  such as 

a s s e t  p o s i t io n ,  g o a ls ,  and r i s k  p re fe re n c e s  r e l a t e  to  m onetary p a y o ffs . 

An e x c e l le n t  exam ple o f  how a s im p le  d e c is io n  can  be co m p lica ted  by a 

p e r s o n 's  f e e l in g s  was g iv e n  by B ross (3)= H is exam ple i s  g iv en  below in  

a condensed and p a ra p h ra se d  form:

Suppose Jo e  Sm ith i s  s i t t i n g  in  h i s  easy  c h a i r  a t  
6 :00  P.M. and i s  t r y in g  to  d e c id e  how to  g e t  to  th e  
o f f i c e  tom orrow. A f te r  c a r e f u l  c o n s id e r a t io n  he 
d e te rm in e s  he has j u s t  two f e a s ib l e  a l t e r n a t i v e s :

A: D rive  h i s  c a r
B: Take th e  bus.

To choose one o r  th e  o th e r  he co u ld  f l i p  a c o in . But 
t h i s  te c h n iq u e  has  no a ssu ra n c e  to  Mr. Sm ith t h a t  th e  
d e c is io n  w i l l  be s a t i s f a c t o r y .  What th e n  i s  a s a t i s ­
f a c to r y  outcome? He co u ld  be p r im a r i ly  concerned  
w ith  sa v in g  money, o r  perhaps th e  s a v in g  o f  tim e i s  
more im p o rta n t.

Suppose he s t a t e s  th a t  h is  pu rpose  i s  to  be 
s i t t i n g  co m fo rtab ly  in  h i s  easy  c h a i r  a t  6 :00  P.M. 
tomorrow n ig h t .  So now to  make th e  d e c is io n  he must 
p r e d ic t  th e  outcomes o f  each  c o u rse  o f  a c t io n  and 
d e te rm in e  w hich w i l l  b e s t  s a t i s f y  h i s  pu rp o se .
Suppose he p r e d ic ts  t h a t  i f  he d r iv e s  h i s  c a r  he can 
be home by 6 :00  P.M. s i t t i n g  in  h i s  easy  c h a i r ,  bu t 
i f  he ta k e s  th e  bus h e ' l l  s t i l l  be w a lk in g  home from 
th e  bus s to p  a t  6 :00  P.M. His d e c is io n  i s  th e n  
o b v io u s . But th e re  a re  o th e r  p o s s ib le  outcom es.
F o r exam ple, i f  he d rove h i s  c a r  he m ight be s i t t i n g  
in  a h o s p i t a l  w ith  h is  le g  in  a  p l a s t e r  c a s t  a t  
6 :0 0  P.M. r a th e r  th a n  a t  home. Or p e rh ap s  th e  c a r  
m ight s t a l l  on h i s  way home and a t  6 :0 0  P.M. he 
m ight be w a lk in g  f o r  h e lp  in s te a d .

M oreover, w hat i f  he had s p e c i f i e d  as  h is  d e s ir e d  
o b je c t iv e  a g e n e ra l f e e l in g  o f  w e ll -b e in g  a t  6 :00  P.M. 
tomorrow n ig h t?  P erhaps Jo e  m ight be in  a  much h a p p ie r  
fram e o f  mind i f  he was w alk in g  home j i n g l i n g  in  h is
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p ocket th e  e x t r a  money he saved  by r id in g  th e  bus th an  
i f  he was s i t t i n g  in  h is  easy  c h a i r  a t  6 :00  P.M. f ig u r in g  
o u t how much i t  would c o s t  him to  f i x  th e  d en t some one 
had p u t in  h i s  fen d e r!

B ross su g g e s ts  th a t  any m easure o f  v a lu e  o r  d e s i r a b i l i t y  must 

t r y  to  w eigh th e  p le a s a n t  outcom es a g a in s t  th e  u n p le a sa n t,  and th a t  such 

a  m easure must d e a l w ith ,  o r  ta k e  co g n izance  o f  many outcomes and c r o s s ­

p u rp o ses .

C h em o ff and Moses p rep a red  fo u r  h y p o th e t ic a l  w agers in  t h e i r  

book E lem entary  D e c is io n  Theory (7 ) w hich g r a p h ic a l ly  i l l u s t r a t e  how 

f a c to r s  o th e r  th a n  money a lo n e  in f lu e n c e  o n e 's  d e c is io n s .  These w agers 

a re  l i s t e d  below ( s l i g h t l y  p a ra p h ra se d )  a s  p o s s ib le  a l t e r n a t iv e s  to  th e  

q u e s tio n  - "Would you acc ep t th e  fo llo w in g  b e ts ? "

A. On a f l i p  o f  a f a i r  c o in  you w in $2 i f  a head , and you 
pay $1 i f  a  t a i l .

B. Your e n t i r e  fo r tu n e  i s  $ 1 0 ,000 ,000 . On a  f l i p  o f  a 
f a i r  c o in  you win $20 ,000 ,000  i f  a head , you lo se  you r 
fo r tu n e  i f  a  t a i l .

C. You in te n d  to  spend a l l  your cash  on an even ing  o f  
fu n  a t  an amusement p a rk . You have $3. On a  f l i p  
o f  a  f a i r  c o in  you g e t a n o th e r  $3 i f  a  head , you 
lo s e  your $3 i f  a  t a i l .

D. You a re  d e s p e ra te  to  se e  th e  b ig  c o l le g e  f o o tb a l l  
game. You have $3 b u t a  t i c k e t  c o s ts  $5. On a 
f l i p  o f  a f a i r  c o in  you w in $3 i f  a head , you lo se  
y o u r $3 i f  a  t a i l .

U ndoubtedly most r a t i o n a l  p eo p le  would acc e p t th e  f i r s t  b e t s in c e  

th e y  s ta n d  to  g a in  tw ice  as much as th e y  m ight lo se  even though th e  l i k e ­

lih o o d s  o f  each  outcome a re  e q u a l. The second b e t  o f f e r s  e x a c tly  th e  

same r a t i o  o f  p ay o ff to  lo s s  and th e  same p r o b a b i l i t i e s  as w ager A. 

However, most peop le  would p ro b ab ly  n o t acc e p t th e  gamble s in c e  th ey  

m ight lo se  an e n t i r e  fo r tu n e .  Wagers C and D a re  " f a i r "  gam bles ( th e
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e x p e c ta t io n  o f  e i t h e r  b e t  i s  z e ro )  and b o th  in v o lv e  eq u a l d o l l a r  am ounts. 

A cceptance o f  w ager C would depend on w hether $3 sp e n t f o r  fun  would 

s a t i s f y  th e  d e c is io n  m aker. On th e  o th e r  hand, a  r a t i o n a l  p erso n  would 

p ro b ab ly  acc ep t w ager D, s in c e  th e  p o s s i b i l i t y  o f  lo s in g  th e  w ager i s  no 

w orse th a n  s t i l l  hav ing  h is  $3 b u t no f o o tb a l l  t i c k e t .  These w agers 

i l l u s t r a t e  th a t  th e  v a lu e  o f  money to  i t s  owner does n o t alw ays ap p ea r 

p ro p o r t io n a l  to  th e  amount o f  money in v o lv ed  in  th e  d e c is io n .  The 

p o s s i b i l i t y  o f  hav ing  $30 ,000 ,000  does n o t ap p ea r to  be 3 tim es as 

v a lu a b le  as $10 ,000 ,000  to  th e  m i l l i o n a i r e ,  b u t $6 i s  many tim es more 

v a lu a b le  th an  $3 to  th e  f o o tb a l l  e n th u s ia s t .

In  t h i s  d is c u s s io n  th e  w eaknesses o f  th e  m easures o f  v a lu e  now 

in  u se  in  d r i l l i n g  investm en t d e c is io n s  have been d e f in e d . In  a d d i t io n  

some o f  th e  f a c to r s  w hich b ia s  th e  d e c is io n  m a k e r 's  r e a c t io n s  to  m onetary  

p a y o ffs  have been d e s c r ib e d . At t h i s  p o in t one may ask  "Now th a t  th e  

problem  has been s t a t e d ,  what i s  a b e t t e r  d e c is io n  c r i t e r io n ? "  An 

approach  would be to  m odify th e  co n cep t o f  m a th em atica l e x p e c ta t io n  

so th a t  i t  acco u n ts  f o r  th e  d e c is io n  m a k e r 's  a s s e t  p o s i t io n ,  r i s k  p r e f e r ­

e n c e s , and c o rp o ra te  g o a ls .  T h is  co u ld  be accom plished  by r e p la c in g  

m onetary p ay o ffs  w ith  a s s o c ia te d  in d ex  numbers w hich r e f l e c t  th e se  

p re fe re n c e s .  T h is  i s  th e  e ssen ce  o f  th e  a p p l ic a t io n  o f  u t i l i t y  th e o ry  

in  th e  d e c is io n  p ro c e s s .



CHAPTER II

THE NATURE OF UTILITY THEORY 

The word " u t i l i t y "  co n n o tes  a  " q u a l i ty  o r  s t a t e  o f  b e in g  u s e f u l , "  

o r  " p r o f i ta b le n e s s  to  some d e s i r e d  end". D ic t io n a r ie s  f u r th e r  su g g e s t i t s  

m eaning to  in c lu d e  "power to  s a t i s f y  human n e e d s" , and " h a p p in e ss" . S tu ­

d e n ts  o f  econom ics, p a r t i c u l a r l y  in  th e  s p e c i f i c  a re a  o f  m ark e tin g  and 

consum er demand, w i l l  o f te n  e n c o u n te r  " u t i l i t y "  as  a m easure o f  d e s i r a b i l i t y  

w hich a  p a r t i c u l a r  commodity has to  th e  p u rc h a s e r . In  t h i s  sen se  th e  word 

" u t i l i t y "  i s  synonymous w ith  " d e s i r a b i l i t y " ,  and in v o lv e s  c h o ice  u nder 

c o n d it io n s  o f  c e r t a i n t y .  The u t i l i t y  th e o ry  to  be d e s c r ib e d  h e re in  i s  

q u i t e  th e  o p p o s i te ,  s in c e  i t  co n ce rn s  o n e 's  p re fe re n c e s  f o r  v a r io u s  o u t ­

comes under c o n d i t io n s  o f  u n c e r ta in ty .

Most w r i t e r s  on u t i l i t y  th e o ry  a t t r i b u t e  i t s  o r ig i n  to  D an ie l 

B e rn o u l l i .  As d is c u s s e d  p re v io u s ly ,  he su g g e s te d  th a t  an i n d i v id u a l 's  

v a lu e  system  i s  n o t a d e q u a te ly  r e p re s e n te d  by m onetary  v a lu e s  a lo n e .

W hile B e rn o u ll i  made t h i s  o b s e rv a tio n  in  th e  e ig h te e n th  c e n tu ry , i t  was 

n o t u n t i l  1944 th a t  a fo rm al m a th em atica l s ta te m e n t o f  an in d i v id u a l 's  

v a lu e  system  was p re s e n te d . At t h a t  tim e von Neumann and M orgenstern  

p u b lish e d  t h e i r  monumental volume Theory o f  Games and Economic B ehav io r 

(8 ) in  w hich th ey  s e t  f o r th  th e  c o n c e p tu a l framework f o r  d e s c r ib in g  o n e 's  

r i s k  p re fe re n c e s  and em o tio n a l b ia s e s  w ith  re s p e c t  to  m onetary  v a lu e s .

T his c h a p te r  w i l l  b r i e f l y  o u t l in e  th e  von Neumann and M orgenstern

20
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form ulation o f u t i l i t y  theory and i l lu s t r a t e  i t s  use as a d r i l l in g  

investment d ec isio n  c r ite r io n . The current " sta te -o f-th e -a r t"  o f  

ap p lica tio n  of the theory in "real-world" d ec isio n s i s  given in  the 

concluding sec tio n .

The von Neumann and Morgenstern Formulation

This d erivation  o f u t i l i t y  theory i s  based upon e igh t axioms.

Each axiom is  e s s e n t ia l ly  a mathematical statement o f the elem ents of

lo g ic  which most d ec is io n  makers use in  th e ir  d a ily  d ec is io n s . The

axioms are sta ted  in  terms of the u t i l i t i e s  o f various outcomes. The

u t i l i t y  o f a p a rticu lar  outcome represents a measure of d e s ir a b il ity  or

u sefu ln ess  which that outcome has to the d ec isio n  maker r e la t iv e  to other

p o ss ib le  outcomes. For example, i f  U  represents an in d iv id u a l's  u t i l i t y

o f a su ccessfu l w e ll and V  represents h is  u t i l i t y  o f a dry h o le , then

the r e la t io n  L/=> \/  means that a producer i s  preferred to a dry h o le .

An in terp reta tio n  o f each axiom or s ig n if ic a n t  point in the form ulation

i s  given by the parenth etica l statem ents.

Consider a system Çl o f  (ab stract) u t i l i t i e s  L/, ..............

In Q  a re la t io n  i s  given (7 =* V, and for any number CX  ̂[̂ 0 *= CX *=/ j

an operation OCU +  | /  ~  CXj 1/ — W»

(The elem ents o f the system Çl are the e n t i t i e s  the worth o f which 
we wish to  measure fo r  a p a rticu la r  in d iv id u a l. (X is  a. rea l number 
and part o f a s e t  o f rea l numbers C X t h e  magnitude o f which 
are s t r ic t ly  between 0 and 1. These d em en ts  in  the s e t  o f rea l 
numbers are the p r o b a b ilit ie s  that p articu lar  e n t i t i e s  w i l l  occur.
U  ^  V i8  interpreted  as U  i s  preferred to V by the in d iv id u a l. 
OCU + ( / -  CXI y  represents a gamble having U  as one outcome
occurring with prob ab ility  (3( , and y  as the other outcome occurring  
w ith the complimentary p r o b a b ility .)

AXIOM 1; For any two U^V  one and only one o f the three fo llow ing

re la tio n s  hold: U — V^ U  ^  U  *= V
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( t h i s  i s  th e  " o rd e r in g "  axiom and can  be re p h ra se d  a s : Given 

two a l t e r n a t i v e s ,  A and B, an in d iv id u a l  e i t h e r  p r e f e r s  A to  B, 

B to  A, o r  i s  i n d i f f e r e n t  to  e i t h e r  a l t e r n a t i v e . )

AXIOM 2 : U =-V, V imply U ^  W

(T h is  i s  th e  " t r a n s i t i v i t y "  axiom. I f  a p e rso n  p r e f e r s  c o f fe e  

to  t e a ,  and t e a  to  m ilk , th e n  he p r e f e r s  c o f fe e  to  m ilk .)

AXIOM 3 ; U V im p lie s  th a t  U  ^  Ç X U  [ l  -  CXjVl

( I f  U r e p re s e n ts  r e c e iv in g  $10 and V r e p r e s e n ts  r e c e iv in g  

$20, and r e c e iv in g  $10 i s  le s s  p r e f e r a b le  th a n  r e c e iv in g  $20, 

t h i s  axiom th e n  im p lie s  t h a t  r e c e iv in g  $10 w ith  c e r t a in t y  i s  

le s s  p r e f e r a b le  th a n  a c c e p tin g  a gamble o f  o b ta in in g  $10 w ith  

p r o b a b i l i ty  QC and $20 w ith  p r o b a b i l i ty  / — ( %. )

AXIOM 4 : U ^  V im p lie s  th a t  U ^  (X U + | / -  (X )

(T h is  i s  th e  d u a l o f  axiom 3. I f  U r e p r e s e n ts  r e c e iv in g  $6 

and V r e p r e s e n ts  r e c e iv in g  $4 , and r e c e iv in g  $6 i s  p re fe r re d  

to  r e c e iv in g  $4, th e n  th e  c e r t a in  o p tio n  o f  r e c e iv in g  $6 i s  

p r e f e r r e d  to  th a t  gamble th a t  w i l l  e i t h e r  pay $6 w ith  p ro b a­

b i l i t y  (X  o r  $4 w ith  p r o b a b i l i ty  I — OC .)

AXIOM 5: U W  V im p lie s  th e  e x is te n c e  o f  an C ( w ith

a u  +\i - oc]v
(G iven th r e e  a l t e r n a t iv e s  f o r  w hich U i s  le s s  p r e f e r a b le  

th an  W  , w hich in  tu rn  i s  le s s  p r e f e r a b le  th an  V , th en  

th e re  i s  some com bination  o f  outcom es U and V w hich i s  

le s s  p r e f e r a b le  th a n  W  . T h is  c o n n o ta tio n  can  be re p re se n te d  

g ra p h ic a l ly  by a l in e  graph o f  th e  u t i l i t i e s  o f  th e  th re e  

a l t e r n a t iv e s .
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I-------------------1---------------------------------------------------------1
u  W  V

In c re a s in g  u t i l i t y  -►

T his axiom s t a t e s  th a t  no m a tte r  how c l o s e W  Is  to  U 

th e re  w i l l  be some gamble o f  U and V w hich w i l l  be le s s  

p r e f e r a b le  th a n  \A/ . T h is  axiom I s  th e  b a s is  f o r  th e  e x p e r i ­

m en tal p o r t io n  o f  t h i s  re s e a rc h .  The analogy  to  d e c is io n s  

re g a rd in g  d r i l l i n g  In v es tm en ts  I s  f o r  V to  r e p re s e n t  th e  

(m ost) d e s i r a b le  outcome o f a p ro d u c e r, W  I s  th e  a l t e r n a t i v e  

o f  reduced  Income from  a fa rm o u t, and U I s  th e  a l t e r n a t i v e  

o f  a d ry  h o le .  T h is axiom s t a t e s  th a t  th e re  I s  some p r o b a b i l i ty  

o f  a d ry  h o le ,  no m a tte r  how s m a ll,  t h a t  makes th e  gamble o f 

d r i l l i n g  le s s  p r e f e r a b le  th a n  th e  a l t e r n a t i v e  to  farm  o u t . )  

AXIOM 6 ; U =*■ W  =“ V Im p lie s  th e  e x is te n c e  o f  an 0 (  w ith

( XU ^  [ i -  a ] v  - - W
(T h is  I s  th e  d u a l o f  Axiom 5 .)

AXIOM 7; CXL/ +  ( / - 0 ( ) V '  =  I / -  CX] 1/ +  (XU

(T h is  axiom s t a t e s  t h a t  I t  does n o t m a tte r  In  w hich o rd e r  th e

a l t e r n a t iv e s  o f  a gamble a re  named o r  o f f e r e d . )

AXIOMI: a \ f i u  + [ i - f i ] v ]  + \ i - a ] v =  J u  + [ I - J ] v
Where I s  any number In th e  I n te r v a l  0  /  , and

7 = (Xj3
(T h is  axiom In v o lv es  th e  a lg e b ra  o f  com bining. I t  s t a t e s  th a t  

I t  i s  I r r e le v a n t  w heth er a com bination  o f  two c o n s t i tu e n t s  I s  

o b ta in e d  In  two s u c c e s s iv e  s te p s  o r  In  one o p e r a t io n .)  

von Neumann and M orgenstern  proved th a t  th e  e x is te n c e  o f  th e s e
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axioms im p lied  th e  fo llo w in g  co rresp o n d en ce  (betw een u t i l i t i e s  and 

num bers) and p r o p e r t i e s :

u-*p  =  rr[u]
and

implies 7T(L/| ^7T{1/|,

7r |a t /  + [/-(x]\/) = a  Tr(u)+ ( / - « )  rr(v).
w here (7 i s  a u t i l i t y  and 7T i s  th e  number w hich th e  co rresp o n d en ce  

U P  — TT(̂ ) a t ta c h e s  to  i t .  The second and t h i r d  r e l a t i o n s

a re  th e  p r o p e r t i e s  o f  u t i l i t i e s  w hich c a r ry  th e  r e l a t i o n  U ^ V and 

th e  o p e ra t io n  (X U  [ I ~  (X ^  V  in to  synonymous co n cep ts  f o r

num bers. W ith th e s e  axioms and p r o p e r t i e s  th e  system  o f  ( a b s t r a c t )  

u t i l i t i e s  Q  i s  one o f  numbers up to  a  l i n e a r  tra n s fo rm a tio n .

The von Neumann and M orgenstern  fo rm u la tio n  assum es in d iv id u a l  

p re fe re n c e s ,  and does n o t imply th a t  a q u a n t i t a t iv e  com parison  o f  u t i l i ­

t i e s  betw een in d iv id u a ls  can  be made. I t  has th e  p ro p e r ty  (ana logous 

to  m a th em a tica l e x p e c ta t io n )  th a t  i f  an a l t e r n a t i v e  has s e v e ra l  p o s s ib le  

outcom es, say  71 o f  them , th e  u t i l i t y  o f  th e  a l t e r n a t i v e ,  /41, i s  th e  

sum o f  th e  p ro d u c t o f  th e  u t i l i t i e s  o f  each  outcom e, U • , and t h e i r

r e s p e c t iv e  p r o b a b i l i t i e s  o f  o c c u rre n c e , P, . T hat i s

n '

where

U{ A ] = } _ ^ U. P .  i - 1,2,3

71

I /?  “  / /■ =  . . . , 7 7

i =/
What does t h i s  m a th em a tica l fo rm u la tio n  o f  u t i l i t y  th e o ry  mean 

in  th e  c o n te x t o f  a d e c is io n  m a k e r 's  d a i ly  th o u g h t p ro c e sse s  and lo g ic ?
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F i r s t  o f  a l l  i t  su g g e s ts  th a t  ^  he.m akes h i s  d e c is io n s  in  s t r i c t  adherence 

to  th e  axiom s, h i s  p re fe re n c e s  re g a rd in g  th e  u t i l i t y ,  o r  d e s i r a b i l i t y ,  o f 

v a r io u s  a l t e r u a t i v e s  can  fan zep z eaen ted  by a  r e a l - v a lu e d  J u n c t io n ,  o r  

u t i l i t y  c u rv e . The fu n c tio n  i s  m o n o to n ica lly  in c re a s in g  w ith  p r e f e r a b i l i ty *  

t h a t  i s ,  i f  h is  u t i l i t y  cu rve  i s  ex p re ssed  in  term s o f  n e t  p r o f i t s  th e  

cu rv e  c o n t in u a l ly  in c re a s e s  w ith  in c re a s in g  n e t  p r o f i t .  T h is  o f  co u rse  

i s  re a so n a b le  in  th a t  any sm all in c re a s e  in  n e t  p r o f i t  o v er an o r ig in a l  

amount i s  c e r t a in l y  more d e s i r a b le  th a n  th e  l e s s e r  amount. An example 

o f  w hat t h i s  fu n c t io n a l  r e p r e s e n ta t io n  m ight look  l i k e  i s  g iv e n  in  F ig . 2.

The u t i l i t y  v a lu e s ,  o r  index  numbers a re  d im e n s io n le ss . The 

m agnitude o f  th e  u t i l i t y  s c a le  i s  a r b i t r a r y ;  how ever, a f t e r  two p o in ts  

a re  i n i t i a l l y  f ix e d  th e  cu rve  i s  un ique f o r  th e  p a r t i c u l a r  d e c is io n  

m aker. The index  number a s s o c ia te d  w ith  any g iv e n  p r o f i t  i s  c a l le d  th e  

" u t i l i t y "  o f  th a t  amount o f  p r o f i t .  F o r th e  h y p o th e t ic a l  u t i l i t y  fu n c tio n  

o f  F ig u re  2 th e  d e c is io n  m a k e r 's  " u t i l i t y "  f o r  a $45,000 n e t  p r o f i t  i s  

4 -5 , and h i s  " u t i l i t y "  f o r  a  $25,000 lo s s  i s  -7 .

S ince  th e  th e o ry  has th e  p ro p e r ty  o f  m a th em atica l e x p e c ta t io n ,  

i t  i s  p o s s ib le  to  c a l c u la te  th e  "ex p ec ted  u t i l i t y "  o f  a  p a r t i c u l a r  

d e c is io n  a l t e r n a t i v e  by m u lt ip ly in g  th e  u t i l i t i e s  o f  each  outcome by i t s  

r e s p e c t iv e  p r o b a b i l i ty  o f  o ccu rren c e  and summing a lg e b r a ic a l ly  o v e r a l l  

p o s s ib le  outcom es. The d e c is io n  c r i t e r i o n  i s  to  a c c e p t th e  a c t  i f  th e  

ex p ec ted  u t i l i t y  i s  p o s i t i v e .  I f  s e v e r a l  a l t e r n a t i v e s  a re  b e in g  c o n s id e re d , 

th e  c r i t e r i o n  i s  to  a c c e p t t h a t  a c t  w hich w i l l  maximize ex p ec ted  u t i l i t y .

The o r ig in  o f  th e  u t i l i t y  cu rve r e p re s e n ts  th e  d e c is io n  m ak er 's  " c u r re n t  

s t a t u s " ,  o r  in  te rm s o f  d e c is io n  a l t e r n a t iv e s  i t  r e p re s e n ts  ta k in g  no 

a c t io n  in  a p a r t i c u l a r  d e c is io n .
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20 j-

U t i l i t y  
(d Im e n s io n le ss )

-50 -25 100

Net D iscoun ted  P r o f i t  
( thousands o f  d o l l a r s )

N et L osses 
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o f  d o l l a r s )
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FIGURE 2 - H y p o th e tic a l u t i l i t y  fu n c tio n  o f  d r i l l i n g
in v estm en t d e c is io n  m aker. (Dashed l in e  
r e p re s e n ts  d e c is io n  m aker’s u t i l i t y  cu rve  
i f  he w ere co m p le te ly  im p a r t ia l  to  m onetary 
p r o f i t s  and lo s s e s . )
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The p a r a l l e l  betw een ex p ec ted  m onetary v a lu e  and ex p ec ted  u t i l i t y  

sh o u ld  be o b v io u s . In s te a d  o f  m u l t ip ly in g  m onetary  p a y o ffs  by p ro b a­

b i l i t i e s ,  th e  m onetary p a y o ffs  a re  re p la c e d  by a s s o c ia te d  u t i l i t y  index  

numbers w hich a re  th e n  m u l t ip l ie d  by th e  same p r o b a b i l i t i e s .  T here 

i s  one im p o rtan t d i f f e r e n c e ,  however. The m agnitude o f  th e  u t i l i t y  

index  numbers f o r  s p e c i f i c  m onetary  p a y o ffs  depend# on th e  p a r t i c u l a r  

shape o f  th e  i n d i v id u a l 's  d e c is io n  c u rv e . I t  w i l l  be shown in  th e  n e x t 

c h a p te r  t h a t  th e  shape o f  th e  cu rv e  depends on th e  d e c is io n  m a k e r 's  r i s k  

p r e f e r e n c e s ,  a s s e t  p o s i t io n ,  and g o a ls .  I f  he w ere t o t a l l y  im p a r t ia l  to  

m onetary  p a y o f f s ,  h i s  u t i l i t y  fu n c t io n ,  o r  d e c is io n  c u rv e , would be a 

s t r a i g h t  l i n e  p a s s in g  th ro u g h  th e  o r ig i n  (shown in  F ig u re  2 as  th e  dashed  

l i n e ) .  The d e p a r tu re  from l i n e a r i t y  r e f l e c t s  th e  d eg ree  o f  b ia s  t h a t  

th e  d e c is io n  maker a s s o c ia te s  w ith  v a r io u s  m onetary p a y o ffs .  (A more 

d e t a i l e d  d is c u s s io n  o f  th e  r e l a t io n s h ip  betw een v a r io u s  shapes o f  d e c is io n  

cu rv es  and s p e c i f i c  b ia s e s  w i l l  be g iv en  in  th e  fo llo w in g  c h a p te r . )

U t i l i t y  th e o ry  cou ld  th u s  be th o u g h t o f  as  an e x te n s io n  o f  th e  

co n cep t o f  m a th em a tica l e x p e c ta t io n ,  o r  ex p ec ted  v a lu e , von Neumann 

and M orgenstern  n o te d  t h i s  p a r a l l e l  w ith  th e  o b s e rv a tio n  - "We have 

p r a c t i c a l l y  d e f in e d  n u m erica l u t i l i t y  as  b e in g  th a t  th in g  f o r  w hich th e  

c a lc u lu s  o f  m a th em a tica l e x p e c ta t io n  i s  l e g i t i m a te ."  U t i l i t y  th e o ry  has 

th e  im p o rtan t advan tage  o f  s y s te m a t ic a l ly  in c o rp o ra t in g  c e r t a i n  em o tio n a l 

b ia s e s  o f  th e  d e c is io n  maker in to  h i s  v a lu e  system .

U t i l i t y  as  a  D r i l l i n g  D e c is io n  C r i t e r io n

T h is  s e c t io n  w i l l  i l l u s t r a t e  th e  u se  o f  ex p ec ted  u t i l i t y  as  a 

d e c is io n  c r i t e r i o n  f o r  d r i l l i n g  in v estm en t p ro p o s a ls .  The u t i l i t y  

fu n c t io n ,  o r  d e c is io n  cu rve  g iv e n  p re v io u s ly  in  F ig u re  2 w i l l  be assumed
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a s  r e p r e s e n ta t iv e  f o r  th e  d e c is io n  maker t h a t  i s  rev iew in g  t h i s  p ro s p e c t.

The p ro p o sa l i s  f o r  th e  d r i l l i n g  o f  a 640 a c re  gas w e ll  in  E l l i s  

C ounty, Oklahoma. The v a r io u s  outcom es which a re  p o s s ib le ,  to g e th e r  w ith  

th e  e s tim a te d  p r o b a b i l i t i e s  o f  t h e i r  o ccu rren c e  a re  g iv en  in  T ab le 3.

These outcom es, p r o b a b i l i t i e s ,  and a s s o c ia te d  d isc o u n te d  n e t  p ay o ffs  

have been p re p a re d  by th e  p r o f e s s io n a l  s t a f f  o f  th e  company from  s tu d ie s  

o f  p re v io u s  w e lls  d r i l l e d  in  th e  g e n e ra l a re a  o f  th e  p roposed  w e ll .  The 

d e c is io n  a l t e r n a t i v e s  a re  w h e th er to  p a r t i c i p a t e  w ith  a  40 p e r  c e n t w orking 

i n t e r e s t ,  farm  o u t th e  com pany's le a se h o ld  r ig h t s  w h ile  r e s e rv in g  a  1 /8  

o f  7 /8  ORI, o r  to  be c a r r i e d  u n d er th e  150 p e r  c e n t p e n a lty  c la u s e  o f  th e  

u n i t  o p e ra t in g  agreem ent.

Having c a lc u la te d  th e  m onetary p ay o ffs  f o r  each  outcome o f  th e  

v a r io u s  a l t e r n a t i v e s ,  th e  d e c is io n  maker th e n  u se s  h i s  u t i l i t y  cu rv e  o f  

F ig u re  2 (p . 26) to  d e te rm in e  h i s  u t i l i t y  f o r  each  o f  th e  p a y o ffs . F o r 

exam ple, h i s  u t i l i t y  f o r  a  $28,000 lo s s  in  th e  ev en t o f  a d ry  h o le  i s  

- 8 .3 ,  and h i s  u t i l i t y  f o r  a  $20,600 n e t  p r o f i t  from  a co m p le tio n  w ith  

r e s e rv e s  o f  2 BCF i s + 2 .5 .  These and th e  rem ain ing  u t i l i t i e s  a re  e n te re d  

in  th e  a p p ro p r ia te  columns o f  T ab le  3 . The "ex p ec ted  u t i l i t i e s "  a re  

o b ta in e d  by m u l t ip l ic a t io n  o f  th e  u t i l i t y  o f  each  outcome by th e  p ro b a­

b i l i t y  o f  i t s  o c c u rre n c e .

From T able 3 i t  i s  o b serv ed  th a t  b e in g  c a r r i e d  u nder th e  150 p e r  

c e n t p e n a lty  has th e  h ig h e s t  t o t a l  ex p ec ted  u t i l i t y ,  and hence th i s  

a l t e r n a t i v e  sh o u ld  be h is  d e c is io n .  Of th e  th r e e  a l t e r n a t i v e s ,  p a r t i c i ­

p a t io n  w ith  a 40 p e r  c e n t w orking  i n t e r e s t  i s  th e  l e a s t  p r e f e r a b le .



TABLE 3
EXAMPLE OF EXPECTED UTILITY CONCEPT 

P ro p o sa l: 640 a c re  Gas U n it in  E l l i s  C ounty , Oklahoma

P o s s ib le
Outcomes

P ro b . o f  
O ccurrence 
o f  P o s s ib le  

Outcomes

D e c is io n  A l te rn a t iv e s

P a r t i c i p a t e  w ith  40% 
W orking I n t e r e s t

Farm Out L ea se h o ld , 
R e ta in  1 /8  o f  7 /8  ORI

P e n a lty  C lau se  -  Back in  
w ith  40% WI a f t e r  
Recovery o f  150% o f  In v e s t .

P ay o ff U t i l i t y
E xpected
U t i l i t y P ay o ff U t i l i t y

E xpected
U t i l i t y P ay o ff U t i l i t y

E xpected
U t i l i t y

Dry Hole 0 .35 $ -2 8 ,0 0 0 -8 .3 -2 .9 0 $ 0 0 0 $ 0 0 0

2 BCF* 0.25 20,600 2 .5 0 .63 5 ,4 0 0 0 .9 0 .23 5 ,2 0 0 0 .9 0 .23

3 BCF 0.25 4 2 ,200 4 .4 1 .10 8 ,1 0 0 1 .2 0 .3 0 19,700 2 .4 0 .6 0

4 BCF 0 .1 0 63,800 7 .4 0 .74 10,800 1 .4 0 .1 4 36,600 4 .0 0 .40

5 BCF 0.05 85 ,500 14.0 0 .7 0 13,400 1.7 0 .09 55 ,500 6 .1 0 .3 1

T o ta l E xpected  U t i l i t y  _ 0 .27 0 .7 6 1.54

N3\o

^ F ig u re s  a re  g ro s s  u l t im a te  re c o v e ra b le  r e s e rv e s

P a ram e te rs : G ross P ro d u cer W ell C o s ts : $100,000 ( In c lu d in g  le a s e  equ ipm ent)
G ross Dry Hole C o s ts :  $70 ,000
Company's L ease H old ings in  U n it:  256 n e t  a c re s  (40% WI)
P a y o ffs  r e p re s e n t  d is c o u n te d  n e t  p r o f i t s  u s in g  10% d is c o u n t r a t e  and 20 y r .  l i f e  
Tax r a t e  - 5%, R o y a lty  -  1 /8 , Annual P rod . R ate  -  5% o f  r e s e r v e s .
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Review o f  C u rre a t A p p lic a tlo u s  o f  U t i l i t y  Theory 

S in ce  th e  in t ro d u c t io n  o f  a fo rm al u t i l i t y  th e o ry  in  1944 much 

has been w r i t t e n  about th e  co n ce p t. Most w r i te r s  o f  c u r r e n t  d e c is io n  

th e o ry  l i t e r a t u r e  acknowledge th e  i n t r i n s i c  s u p e r io r i t y  o f  u t i l i t y  

th e o ry  as a  d e c is io n  c r i t e r i o n .  N o n e - th e - le s s  th e re  h as  been  c o n s id e ra b le  

co n tro v e rsy  about w hether a fu n c t io n a l  r e p r e s e n ta t io n  o f  an in d i v id u a l 's  

p re fe re n c e s  can  even be made. I f  so , w i l l  a r a t i o n a l  p e rso n  a c t  in  a 

manner w hich w i l l  maximize h i s  ex p ec ted  u t i l i t y ?  F o r  exam ple, some 

have argued t h a t  i f  one o f  th e  outcom es i s  overw helm ingly b ad , such  as 

d e a th  o r  b an k ru p tc y , th e n  peop le  do n o t fo llo w  t h e i r  norm al r i s k  p r e f e r ­

ence p a t te r n s .  P roponen ts c o u n te r  w ith  th e  example th a t  most peop le 

c o n t in u a l ly  and r o u t in e ly  choose to  c ro s s  a busy in t e r s e c t i o n  d u rin g  

ru sh  hou r (w hich in v o lv es  th e  f a i r  c e r t a in ty  o f  a s a f e  c ro s s in g  to g e th e r  

w ith  some sm a ll,  b u t f i n i t e ,  chance o f  b e in g  run  o v e r)  to  th e  le s s  

d e s i r a b le  b u t r i s k l e s s  a l t e r n a t iv e  o f  w a it in g  f o r  two hours to  c ro s s  

when th e  ru sh  i s  o v e r.

As an o th e r  exam ple, Baumol (11) a rg u es  th a t  th e  assum ptions o f  

th e  von Neumann and M orgenstern  th e o ry  r e s t r i c t s  o n e 's  c h o ic e s . He 

s t a t e s :  "Once he has made up h i s  mind on a few th in g s ,  th e  r e s t  i s

dec id ed  f o r  him by th e  r u le s .  From h is  ch o ic e s  among some l im ite d  s e ts  

o f  item s we know how he w i l l  r e a c t  to  th e  r e s t ,  and th e re  i s  no ap p a re n t 

reaso n  why ch o ice  sh o u ld  be so c irc u m sc rib e d  in  f a c t . "

These ty p e s  o f  argum ents a re  d i f f i c u l t  to  re s o lv e  u n t i l  th e  

th e o ry  i s  a c tu a l ly  t r i e d  u nder " re a l-w o r ld "  c o n d i t io n s .  I t  i s  s i g n i f i ­

c a n t to  n o te  th a t  u se  o f  u t i l i t y  th e o ry  in  to d a y 's  b u s in e s s  community 

i s  v i r t u a l l y  n o n -e x is te n t .  The problem  in  im plem enting u t i l i t y  th e o ry
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i s  t h a t  a t  p re s e n t  th e re  a re  no e f f e c t iv e  m ethods to  c o n s tru c t  o r  

d e te rm in e  th e  u t i l i t y  c u rv e . T h e re fo re , th e  r e s o lu t io n  o f  c e r t a in  

p h i lo s o p h ic a l  q u e s tio n s  about u t i l i t y  th e o ry  canno t o c c u r  u n t i l  we 

f i r s t  d e te rm in e  a way o f  o b ta in in g  th e  u t i l i t y  fu n c t io n s .

P rev io u s  r e s e a rc h  on t h i s  problem  has c e n te re d  on th e  d ev e lo p ­

ment and u se  o f  t e s t i n g  p ro ced u re s  to  o b ta in  th e  d a ta  needed to  c o n s tru c t  

a u t i l i t y  c u rv e . These p ro ced u res  g e n e ra l ly  have been based  on o f f e r in g  

th e  d e c is io n  maker a c h o ic e  betw een a gamble hav in g  a d e s i r a b le  outcome 

(A) and an u n d e s ir a b le  outcome (C ), o r  a n o - r i s k  a l t e r n a t i v e  (B) o f  i n t e r ­

m ed ia te  d e s i r a b i l i t y .  The t e s t i n g  would seek  to  d e te rm in e  th e  d e c is io n  

m a k e r 's  p o in t  o f  in d i f f e r e n c e  betw een a c c e p tin g  th e  gamble (A o c c u rr in g  

w ith  p r o b a b i l i ty  QC and C o c c u r r in g  w ith  p r o b a b i l i t y / — (X ) th e  n o - r i s k  

a l t e r n a t i v e .  The in d i f f e r e n c e  p o in t  r e p re s e n ts  an e q u a l i ty  o f  th e  d e c is io n  

m a k e r 's  u t i l i t y  f o r  th e  gamble and th e  n o - r i s k  a l t e r n a t i v e ;  t h a t  i s

a x u ( 4 )  + ( / - a ) x u ( c )  = u [ b ]  [/]
By a r b i t r a r i l y  a s s ig n in g  n u m erica l v a lu e s  to  two o f  th e  above u t i l i t i e s  

th e  t h i r d  co u ld  be com puted. W ith c a r e f u l  d e s ig n  o f  th e  t e s t i n g  sequence , 

th e se  th r e e  n u m e rica l u t i l i t i e s  would be used  to  compute s u c c e s s iv e  

u t i l i t i e s .  A f te r  d e te rm in in g  a s u f f i c i e n t  number o f  u t i l i t i e s ,  a  u t i l i t y  

cu rve  would be drawn th ro u g h  th e  d a ta  p o in t s .  These t e s t i n g  p ro c e d u re s , 

w h ile  s u c c e s s f u l ly  s u g g e s tin g  th a t  a  d e c is io n  m a k e r 's  p re fe re n c e s  cam 

in  f a c t  be r e p re s e n te d  by a  u t i l i t y  c u rv e , have c o n ta in e d  c e r t a i n  d i s ­

ad v an tages  .

T here i s  one p r in c ip le  sho rtcom ing  o f th e  two n o ta b le  a tte m p ts  

to  c o n s tru c t  u t i l i t y  cu rv es  in  la b o ra to ry  s e t t i n g s  -  th e  t e s t i n g  was so 

c a r e f u l ly  c o n t r o l le d  as to  re n d e r  th e  tr a n s fo rm a tio n  o f  th e  r e s u l t s  o r
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te c h n iq u e s  in to  re a l-w o r ld  s i t u a t i o n s  v i r t u a l l y  im p o ss ib le . The p io ­

n e e r in g  work in  t h i s  re g a rd  was done by H o s te l l e r  and Nogee in  1951 (9 ) .  

U sing one group o f  5 H arvard u n d e rg ra d u a te s  and a n o th e r  group o f  5 

N a tio n a l Guardsmen, th ey  w ere a b le  to  c o n s tru c t  u t i l i t y  fu n c tio n s  from 

each  in d i v id u a l 's  re sp o n ses  to  s e t s  o f  gam bles. The members te s t e d  

used  t h e i r  own money; how ever, th e  m onetary amounts o f  th e  gambles d id  

n o t exceed  $8. T h e ir  e x p e r im e n ta l p rocedu re  c o n s is te d  o f  k eep in g  th e  

odds f o r  a p a r t i c u l a r  gamble th e  same bu t v a ry in g  th e  maximum g a in  to  

f in d  an in d i f f e r e n c e  p o in t .  They used  as j u s t i f i c a t i o n  o f  t h i s  te c h ­

n iq u e  th e  f a c t  th a t  peop le  can  n o rm ally  make a d e c is io n  in  te rm s o f  

money e a s i e r  th a n  in  term s o f  p r o b a b i l i t y .  One o f  t h e i r  c o n c lu s io n s  

was th a t  i t  was n o t u n re a so n a b le  to  acc e p t th e  n o tio n  th a t  peo p le  behave 

in  a manner t h a t  w i l l  maximize ex p ec ted  u t i l i t y .  They d id  f in d ,  however, 

t h a t  t h e i r  s u b je c t s  were n o t as  c o n s is te n t  abou t p re fe re n c e  and i n d i f ­

fe re n c e  as p o s tu la te d  by von Neumann and M orgenstern , b u t had a graded  

re sp o n se  t h a t  g ra d u a l ly  in c re a s e d  th e  freq u en cy  o f  r i s k s  ta k e n  as th e  

v a lu e  o f  th e  r i s k  in c re a s e d .

In  1957, D avidson , Suppes, and S ie g e l re p o r te d  th e  r e s u l t s  o f  

a  d i f f e r e n t  t e s t  p roced u re  in  t h e i r  book D e c is io n  Making; An E xperim en ta l 

Approach (1 0 ) . In  t h i s  ex p erim en t th e  p r o b a b i l i t i e s  w ere h e ld  c o n s ta n t 

and th e  p a y o ffs  w ere f lu c tu a te d  to  f in d  in d i f f e r e n c e  p o in t s .  T h is 

approach  was chosen  to  remove th e  p o s s i b i l i t y  o f  in tro d u c in g  s u b je c t iv e  

p r o b a b i l i t i e s .  M onetary v a lu e s  u t i l i z e d  w ere le s s  th a n  one d o l l a r .

S in ce  d r i l l i n g  d e c is io n s  have v a ry in g  p r o b a b i l i t i e s  and o b v io u s ly  inv o lv e  

more money t h i s  t e s t  p roced u re  i s  n o t a p p l ic a b le  f o r  a c tu a l  d r i l l i n g  

d e c is io n  c o n d i t io n s .
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Two a tte m p ts  to  c o n s tru c t  u t i l i t y  cu rv es  under a c tu a l  management 

d e c is io n  c o n d itio n s  have been re p o r te d  in  th e  l i t e r a t u r e .  Each o f  th e se  

has been o n ly  p a r t i a l l y  s u c c e s s fu l ,  a p p a re n tly  due to  th e  i n a b i l i t y  o f  

th e  re sp o n d en ts  to  g ra sp  p o r t io n s  o f  th e  t e s t i n g  p ro c e d u re s . The f i r s t  

o f  th e se  a tte m p ts  was re p o r te d  by Grayson in  h is  book D ec is io n s  Under 

U n c e r ta in ty , p u b lish e d  in  1960 (2 ) .  He d ev ised  a t e s t i n g  p rocedu re  

w hich he gave to  a number o f  independen t o i l  company p e rso n n e l. H is 

p roced u re  was to  p ropose  a s im p le  investm en t and ask  th e  re sp o n d en t i f  

he would a c c e p t o r  r e j e c t  th e  p ro p o sa l, g iv en  th e  s t a t e d  p r o b a b i l i t i e s .

F o r exam ple, th e  resp o n d en t would be asked i f  he would a c c e p t o r  r e j e c t  

a  v e n tu re  c o s t in g  $10,000 th a t  had a t o t a l  p ay o ff i f  s u c c e s s fu l  o f 

$110 ,000 , w ith  a p r o b a b i l i ty  o f  su ccess  o f  0 .6 0 . Depending on th e  

p e r s o n 's  re sp o n ses  th e  p r o b a b i l i t i e s  w ere v a r ie d  u n t i l  th e  In d if f e re n c e  

p o in t was reach ed . Then th e  m onetary p a y o ffs  w ere changed and th e  p ro cess  

re p e a te d . G e n e ra lly  he was a b le  to  c o n s tru c t  u t i l i t y  cu rv es  from  th e  

resp o n ses  he o b ta in e d , bu t he observed  th a t  most d e c is io n  m akers were 

n o t accustom ed to  making d e c is io n s  s o le ly  on th e  p r e c i s e  d iscern m en t 

o f  a c c e p ta b le  and u n a c c e p ta b le  p r o b a b i l i t i e s .  In  f a c t ,  one o f  th e  

p a r t i c ip a n t s  cou ld  n o t respond a t  a l l  to  th e  ex p erim en t, say in g  th a t  

he co u ld  n o t co n ce iv e  th e  p r o b a b i l i ty  r e l a t io n s h ip s .

The second and most re c e n t a ttem p t (1963) to  c o n s tru c t  u t i l i t y  

fu n c tio n s  under a p p lie d  c o n d itio n s  was done by Green (12) u s in g  16 

m iddle management p e rso n n e l in  a la rg e  i n d u s t r i a l  f irm . These p e rso n n e l 

re p re s e n te d  fo u r  m ajo r d iv is io n s  o f  th e  f irm : p ro d u c tio n , s a l e s ,  f in a n c e , 

and re s e a rc h . H is t e s t i n g  p rocedu re  c o n s is te d  ( in  p a r t )  o f  p re s e n tin g  

v a r io u s  investm en t p ro p o s a ls , w ith  th e  p o s s ib le  outcomes ex p re ssed  in  

term s o f r a t e  o f  r e tu r n .  The in d iv id u a l  was th e n  asked to  in d ic a te  how
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h ig h  th e  p r o b a b i l i ty  a s s o c ia te d  w ith  th e  la r g e r  r e tu r n  had to  be b e fo re  

he would recommend a d o p tio n  o f  th e  Investm en t p ro p o s a l. From t h e i r  

re sp o n se s  he was a b le  to  c o n s tru c t  u t i l i t y  fu n c tio n s  ( In  term s o f  r a t e s  

o f  r e tu r n  r a th e r  th a n  d o l l a r  p a y o ffs )  f o r  each  p e rso n . Green a lso  

n o te d  th a t  th e  re sp o n d e n ts  had t r o u b le  c o n c e p tu a l iz in g  th e  problem , 

p a r t i c u l a r l y  th e  p r o b a b i l i ty  a s p e c ts .  He f u r th e r  commented th a t  d e s p i te  

th e  problem s o f  d e s ig n in g  a  s u i t a b le  t e s t  p ro c e d u re , th e  n o n - l in e a r  

shape o f  th e  u t i l i t y  fu n c tio n s  so c o n s tru c te d  p o in t  o u t th e  Inadequacy 

o f  p re s e n t  c a p i t a l  b u d g e tin g  c r i t e r i a  based  s o le ly  on m onetary  v a lu e s .

D ire c t  a p p l ic a t io n  o f  th e  von Neumann and M orgenstern  th e o ry  in  

a t e s t i n g  p ro ced u re  has a number o f  w eaknesses from a t h e o r e t i c a l  v iew ­

p o in t .  T h e ir  model re q u ir e s  t h a t  th e  In d iv id u a l  view  th e  p r o b a b i l i t i e s  

as o b je c t iv e  I f  a t r u e  u t i l i t y  cu rv e  I s  to  be o b ta in e d . I f  an In d iv id u a l  

s u b je c t iv e ly  a p p ra is e s  th e  odds, th e n  h i s  re sp o n ses  may In c lu d e  an 

unknown m ix tu re  o f  s u b je c t iv e  p r o b a b i l i t i e s  and u t i l i t i e s .  The th e o ry  

a ls o  r e q u ir e s  t h a t  th e  s e t  o f  a l t e r n a t i v e s  from  w hich a  s u b je c t  chooses 

m ust In c lu d e  a l l  f i n i t e  p r o b a b i l i t y  com binations  o f  th e s e  a l t e r n a t i v e s ;  

h en ce , an I n f i n i t e  number o f  co m parisons. Any f i n i t e  t e s t i n g  p ro ced u re  

w hich a tte m p ts  to  d e r iv e  u t i l i t y  fu n c tio n s  In  th e  von Neumann and 

M orgenstern  sen se  w i l l  In h e re n t ly  c o n ta in  th e s e  l i m i t a t i o n s .  How 

r e s t r i c t i v e  th e se  l im i t a t io n s  m ight be has n o t been d e te rm in ed  to  d a te  

b ecause  o f  o th e r ,  more c r i t i c a l  w eaknesses In  p re v io u s  t e s t i n g  p ro ­

ced u re s  .

As a co n c lu d in g  comment to  t h i s  c h a p te r  on th e  n a tu re  o f  u t i l i t y  

th e o ry  I t  I s  w e ll to  summarize th e  p r in c ip le  a s p e c ts .  The von Neumann 

and M orgenstern  th e o ry  p ro v id e s  a c o n c e p tu a l framework w ith in  w hich a
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fu n c t io n a l  r e p r e s e n ta t io n  o f  an I n d iv id u a l 's  p re fe re n c e s  may be c o n s tru c te d .  

The th e o ry  does n o t p r e s c r ib e  h i s  p re fe re n c e s  o r  th e  r u le s  o f  c o n s is te n t  

d e c is io n  m aking, b u t m ere ly  I s  a  c o n v en ien t way o f  r e p re s e n t in g  them.

The problem  In  Im plem enting u t i l i t y  th e o ry  In to  " re a l-w o r ld "  c o n d it io n s  

I s  t h a t  no s a t i s f a c t o r y  method oé o r ig i n a l l y  c o n s tru c t in g  th e  u t i l i t y  

fu n c tio n  has been developed  as y e t .  A ttem pts th u s  f a r  to  c o n s tru c t  

u t i l i t y  cu rv es  have c o n s is te d  o f  t e s t i n g  p ro ced u res  u s in g  a s e r i e s  o f  

h y p o th e t ic a l  o r  t e s t  w agers . The t e s t s  have c o n ta in e d  c e r t a i n  w eaknesses 

w hich have p re v e n te d  th e  u se  o f  th e  r e s u l t s  In  a c tu a l  d e c is io n  s i t u a t i o n s .  

C on seq u en tly , th e re  ap p ea rs  to  be a  com plete  la c k  o f  any fo rm al a p p l i ­

c a t io n s  o f  u t i l i t y  th e o ry  as  a  d e c is io n  c r i t e r i o n  In  th e  b u s in e s s  

community to d ay .



CHAPTER III

THE DRILLING DECISION EXPERIMENT AND RESULTS 

The r e s e a rc h  b e in g  summarized in  t h i s  s tu d y  had th e  fo llo w in g  

s p e c i f i c  o b je c t iv e s :

1) The d e s ig n  o f  a  s u i ta b le  t e s t i n g  p ro ced u re  t h a t  would 
p ro v id e  d a ta  f o r  th e  c o n s tru c t io n  o f  u t i l i t y  cu rv es  
f o r  management p e rso n n e l in v o lv ed  in  d r i l l i n g  in v e s t ­
ment d e c is io n s .

2) D e te rm in a tio n  o f  th e  a p p l i c a b i l i t y  o f  th e  t e s t  by 
a c tu a l  u se  w ith  o i l  company d r i l l i n g  investm en t 
d e c is io n  m akers.

The g u id e l in e s  w hich w ere i n i t i a l l y  e s ta b l i s h e d  to  reac h  th e s e  o b je c t iv e s  

w ere: 1) u se  o f  a c tu a l  d r i l l i n g  d e c is io n s  in  th e  t e s t i n g  p ro c e d u re , and

2) p r e s e n ta t io n  o f  th e s e  d e c is io n s  to  th e  d e c is io n  makers in  a  manner 

s im i la r  to  th a t  in  w hich a c tu a l  d r i l l i n g  p ro sp e c ts  a re  p re s e n te d . These 

g u id e s  w ere e s ta b l i s h e d  in  an a tte m p t to  d e v ise  a p ro ced u re  w hich would 

be r e a l i s t i c  and r e p r e s e n ta t iv e  o f  " re a l-w o r ld "  c o n d i t io n s .

The f i r s t  p o r t io n  o f  t h i s  c h a p te r  d e s c r ib e s  th e  t e s t  and th e  

p roced u re  f o r  i t s  p r e s e n ta t io n .  A f te r  th e  t e s t  was developed  i t  was 

p re s e n te d  to  a  number o f  d r i l l i n g  d e c is io n  makers to  a s c e r t a in  i t s  

u s e fu ln e s s .  The method o f  c o n s tru c t io n  o f  th e  u t i l i t y  cu rv es  from  th e  

t e s t  d a ta  i s  o u t l in e d  in  th e  second p o r t io n  o f  th e  c h a p te r .  The r e s u l t s  

o f  th e  p r e s e n ta t io n  o f  th e  t e s t  a re  summarized in  th e  co n c lu d in g  p o r t io n .

36
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The D ec is io n  T e s t

The d e c is io n  t e s t  t h a t  was fo rm u la ted  in  t h i s  r e s e a rc h  was 

s im i la r  in  n a tu re  to  p re v io u s  a tte m p ts  in  t h a t  a  s e r i e s  o f  t e s t  gam bles, 

o r  d e c i s io n s ,  w ere p re se n te d  to  th e  d e c is io n  m akers. And, as  in  p re v io u s  

t e s t  p ro c e d u re s , th e  p o in t  o f  in d i f f e r e n c e  betw een a c c e p tin g  o r  r e j e c t i n g  

th e  gamble was d e te rm in ed . T h is  d e c is io n  t e s t ,  how ever, d i f f e r e d  in  

c e r t a i n  im p o rtan t ways from p re v io u s  te c h n iq u e s . In  p la c e  o f  h y p o th e t ic a l  

in v estm en ts  a c tu a l  d r i l l i n g  p ro p o s a ls  w ere u sed . The gamble th e n  con­

s i s t e d  o f  " d r i l l i n g "  a  w e l l ,  w ith  th e  d e s i r a b le  outcome (A) b e in g  a 

s u c c e s s fu l  com p le tio n  and th e  u n d e s ir a b le  outcome (C) b e in g  a  d ry  h o le .

The n o - r i s k  a l t e r n a t i v e  was "n o t d r i l l i n g " ,  w ith  th e  u n d e rs to o d  assum ption  

th a t  th e  a c re ag e  would be p ro cessed  by a  farm out o r  s im i la r  means.

Ten t e s t  d e c is io n s  w ere p re p a re d  from  a c tu a l  f i e l d  c o n d i t io n s .

Each p ro p o sa l c o n ta in e d  a t  l e a s t  two p o te n t i a l  d r i l l i n g  lo c a t io n s  t o ­

g e th e r  w ith  r e l a t e d  in fo rm a tio n  re g a rd in g  r e s e r v e s ,  a l lo w a b le s , e t c .

These p ro p o sa ls  w ere p re s e n te d  v e r b a l ly  w h ile  th e  d e c is io n  maker fo llo w ed  

on in d iv id u a l  co p ie s  o f  th e  p ro p o s a l. Any s p e c i f i c  q u e s tio n s  co n ce rn in g  

th e  geo logy , ty p e  o f  p ro d u c tio n , perform ance o f  e x i s t in g  w e l l s ,  e t c .  were 

answ ered. A f te r  th e  p a r t i c ip a n t s  had s tu d ie d  th e  p ro sp e c t f o r  a  few 

moments th ey  w ere asked  th e  fo llo w in g  b a s ic  q u e s tio n :

"There a re  s e v e ra l  p o te n t i a l  d r i l l i n g  lo c a t io n s  in  t h i s
f i e l d .  In  view  o f  th e  in v estm en t and d eg ree  o f  r i s k
s t a t e d ,  w hat i s  th e  minisnim amount o f  n e t  p r o f i t  o r  re s e rv e s  
th a t  you f e e l  you must o b ta in  to  d r i l l  any o f  th e  p o te n t i a l  
d r i l l s i t e s ? "

The minimum n e t  p r o f i t  which th ey  would choose r e p re s e n ts  th e  

p ay o ff e f  outcome (A) f o r  w hich th e y  a re  in d i f f e r e n t  betw een th e  gamble

(d e c is io n  to  d r i l l )  and th e  n o - r i s k  a l t e r n a t i v e  (n o t d r i l l  - farm  o u t
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I n s te a d ) .  N ote t h a t  t h i s  i s  th e  second f e a tu r e  w hich d is t in g u is h e s  t h i s  

t e s t  p ro ced u re  from  some o f  th e  p re v io u s  a t te m p ts .  R a th e r th a n  s t a t i n g  

an in v estm en t and p a y o ff  and v a ry in g  th e  p r o b a b i l i t i e s  to  lo c a te  an 

in d i f f e r e n c e  p o in t ,  th e  investm en t and p r o b a b i l i t i e s  w ere s t a t e d  and th e  

p ay o ff  was s e le c te d  by th e  p a r t i c ip a n t  to  lo c a te  h is  in d i f f e r e n c e  p o in t .  

T h is  te c h n iq u e  i s  b e l ie v e d  to  more r e a l i s t i c a l l y  r e p re s e n t  a d r i l l i n g  

investm en t d e c is io n  f o r  th e  fo llo w in g  re a so n s :

1) The d eg ree  o f  r i s k  f o r  a  p a r t i c u l a r  d r i l l i n g  p ro p o sa l i s  
de te rm in ed  by th e  q u a l i ty  and amount o f  g e o lo g ic  and e n g in e e r in g  
d a ta  a v a i la b l e .  T h e re fo re , a  t e s t i n g  p ro ced u re  in  w hich p ro b a­
b i l i t i e s  a r e  v a r ie d  f o r  a  g iv en  in v e stm en t i s  n o t r e p r e s e n ta t iv e  
o f  d r i l l i n g  d e c is io n s .

2) The in v estm en t i s  s p e c i f i e d  once th e  d e p th s  a re  g iv e n , and
th e  d e c is io n  a l t e r n a t i v e s  a re  s e t  ( i .  e . d r i l l ,  farm  o u t ,  e t c . ) .

3) The rem ain in g  v a r ia b le  w hich in f lu e n c e s  th e  d e c is io n  maker to  
d r i l l  o r  farm  o u t i s  th e  amount o f  r e s e rv e s  (and th u s  n e t  p r o f i t )
w hich i s  a n t i c ip a te d  f o r  th e  p ro s p e c t .

The te c h n iq u e  i s  th e  n a tu r a l  e x te n s io n  o f  such  comments o f te n  

h e a rd  in  d r i l l i n g  d e c is io n  groups as " I  th in k  we sh o u ld  be lo o k in g  a t  

a minimum o f  100,000 b b ls .  re s e rv e s  to  c o n s id e r  d r i l l i n g " ,  o r  "T h is  i s  

a p r e t t y  r i s k y  p ro s p e c t ;  th e r e f o r e ,  we sh o u ld  t r y  to  g e t  a t  l e a s t  $2

n e t  p r o f i t  p e r  $1 in v e s te d " .  S in ce  each  p ro p o s a l had a t  l e a s t  two

p o te n t i a l  d r i l l s i t e s ,  th e  d e c is io n  was n o t w h e th e r a  p a r t i c ip a n t  would 

d r i l l  a p a r t i c u l a r  w e l l .  In s te a d  he w as, in  e f f e c t ,  su p p ly in g  a p r io r  

c r i t e r i o n  such th a t  when any p a r t i c u l a r  lo c a t io n  was su b se q u e n tly  e v a lu ­

a te d ,  th e  d e c is io n  w ould have a lre a d y  been s e t  depending  on w heth er i t  

met th e  c r i t e r i o n  o r  n o t .

The te n  t e s t  d e c is io n s  w ere s e le c te d  from  f i e l d s  in  Oklahoma 

and K ansas. Each was i d e n t i f i e d  by coun ty  and g e o lo g ic  p ro v in c e , b u t 

a c tu a l  f i e l d  nam es, w e ll  names and o p e r a to r s ,  and tow nship  and range



39

I d e n t i f i c a t i o n s  w ere n o t g iv e n . Investm en t w e ll  c o s ts  ranged  from  $40,000 

to  $200 ,000 . A ll  o f  th e  p ro p o s a ls  w ere based  on a  f u l l  100 p e r  c e n t  

w ork ing  i n t e r e s t .  The d eg ree  o f  r i s k  ranged  from  an e x p l o r a t o ^  p ro p o sa l 

to  i n - f i l l  developm ent p ro p o s a ls . B r ie f  d e s c r ip t io n s  o f  each  o f  th e  te n  

d r i l l i n g  p ro s p e c ts  a re  g iv en  in  T ab le  4 . An exam ple p ro p o sa l was a ls o  

p re p a re d  to  i l l u s t r a t e  th e  com pu ta tions  and th e  g e n e ra l la y o u t o f  th e  

p ro p o s a ls .

A ll o f  th e  p e r t in e n t  d a ta  a s s o c ia te d  w ith  each  d r i l l i n g  p ro p o sa l 

w ere c o n ta in e d  on s e p a ra te  s h e e ts  o f  a p o r t f o l i o .  Each p a r t i c ip a n t  was 

g iv e n  a p o r t f o l io  d u r in g  th e  t e s t i n g  p ro c e d u re . An exam ple o f  th e  g e n e ra l 

la y o u t o f  each  p ro p o sa l i s  g iv e n  in  F ig u re  3 . A map o f  th e  w e lls  d r i l l e d  

in  th e  f i e l d  was g iv e n . The map in c lu d ed  g e o lo g ic  i n t e r p r e t a t i o n s  a p p l i ­

c a b le  to  s e le c t in g  d r i l l i n g  p ro s p e c ts  (such  a s  s t r u c t u r e ,  iso p a c h ) in  

th e  p a r t i c u l a r  f i e l d .  In  th e  exam ple o f  F ig u re  3 an Isopach  in t e r p r e ­

t a t i o n  i s  shown. P o te n t ia l  d r i l l i n g  lo c a t io n s  f o r  th e  exam ple p ro p o sa l 

o f  F ig u re  3 a re  in d ic a te d  by th e  open c i r c l e s  in s id e  th e  10' n e t  pay con­

to u r .  V arious d a ta  re g a rd in g  d e p th s , a l lo w a b le s ,  in v e s tm e n ts , e t c .  w ere 

g iv en  in  th e  P e r t in e n t  D ata s e c t io n  to  th e  r i g h t  o f  th e  map.

The P e r t in e n t  D ata s e c t io n  a ls o  in c lu d ed  a  p a ram e te r c a l le d  

" R e l i a b i l i t y  o f  I n t e r p r e t a t i o n " .  T h is  was a  number s t r i c t l y  betw een 

0 and 1 w hich re p re s e n te d  th e  r i s k  f a c t o r  f o r  th e  p a r t i c u l a r  p ro s p e c t.

I t  was in ten d ed  as  an o v e r a l l ,  s u b je c t iv e  e s t im a te  o f  th e  r e l i a b i l i t y  

o f  th e  g e o lo g ic  i n t e r p r e t a t i o n  th a t  was b e in g  p re s e n te d  as th e  b a s is  

f o r  th e  d r i l l i n g  p ro p o s a l. Note t h a t  t h i s  p r o b a b i l i t y  e s t im a te  was n o t 

in ten d ed  as  th e  p r o b a b i l i ty  th a t  a  p a r t i c u l a r  w e ll  would be a  s u c c e s s fu l  

c o m p le tio n . I t  was in s te a d ,  th e  p r o b a b i l i ty  t h a t  a proposed  w e ll would



TABLE 4 - DESCRIPTIONS OF THE TEN DRILLING PROPOSALS

P ro ­
p o s a l

No.
County
( S ta te ) Pay Zone

In v estm en t
Type
F ie ld

R isk
F a c to r

B r ie f  
D e s c r ip tio n  |P ro d u cer Dry Hole

1 F inney  
(K ansas)

M u lti-p ay  
P e n n ., M iss.

$70 ,000 $50 ,000 O il 0 .25
E x p lo ra to ry  p ro p o s a l,  6 pay zo n es . 
R isk  b ased  on p re v io u s  w ild c a t  
s u c c e s s e s .

2 S ta f f o r d
(K ansas)

A rbuckle $40,000 $30 ,000 O il 0 ,6 0 S eism ic  "h ig h "  p ro s p e c t.  R isk  
b ased  on r e l i a b i l i t y  o f  s e ism ic .

3 H a sk e ll
(K ansas)

L ansing $50 ,000 $30 ,000 O il 0 .7 0 P ro p o sa ls  a re  80 a c re  o f f s e t s .  
S t r u c tu r e  and c o n t ro l  w e ll  d e f in e d .

4 Morton
(K ansas)

Morrow $70,000 $50 ,000 Gas 0 .6 0 I n - f i l l  p ro p o s a ls .  R isk  b ased  on 
i n t e r p r e t a t i o n  o f  s t r u c t u r e .

5 H arper 
(O k la .)

Tonkawa $55,000 $30 ,000 O il 0 .55 P ro p o sa ls  a r e  40 a c re  o f f s e t s .  
R isk  due to  unknown s t r a t ig r a p h y .

6 H arper
(O k la .)

Morrow $80,000 $50 ,000 Gas 0 .4 0
P ro p o sa ls  a re  o f f s e t s .  I n t e r p r e ­
t a t i o n  i s  poo r. Some w e lls  have 
poo r c a p a c i t i e s .

7 B la in e  
(O k la .)

Morrow $185,000 $150,000 Gas 0 .4 0 Sm all f i e l d ,  l i t t l e  g e o lo g ic  c o n tro l  
Iso p ach  i n t e r p r e t a t i o n  s p e c u la t iv e .

8 K in g f is h e r  
(O k la .)

Oswego $80 ,000 $50 ,000 O il 0 .6 0 I n - f i l l  p ro s p e c ts .  Iso p ach  ex tended  
by r e c e n t co m p le tio n

9 C anadian 
(O k la .)

Morrow $200,000 $150,000 Gas 0 .6 0 O f f s e t  p ro p o sa l in  11 w e ll  f i e l d .  
F a i r  c o n t r o l ,  s t r a t ig r a p h y  unknown

10 L atim er 
(O k la .)

A toka $150,000 $90 ,000 Gas 0 .7 0 Good c o n t r o l ,  h ig h  p e r -w e ll  re se rv e s  
3 y e a r  s h u t - in  a n t i c ip a te d .

o
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FIGURE 3

GENERAL LAYOUT OF DRILLING PROPOSALS

PERTINENT DATA

L o ca tio n  
Pay _____
G eolog ic C o n tro l _______
Depth __________  Spacing
A llow able
Length o f  S h u t- In  ______
R oyalty  _____  Prod. Tax
R e se rv o ir  P rod. D rive

Investm en t
P roducer 
Dry Hole 

R e l i a b i l i t y  o f

MORROW SAND ISOPACH

Morrow gas w e ll 
O P o te n t ia l  d r i l l i n g  lo c a t io n

I n t e r p r e t a t i o n  0 .4 0

TABLE OF WELL RESERVES, 
FLOW POTENTIALS, ETC.

a

I
I

RESERVES, p e r  w e ll

(A ctu a l S iz e : 22" x 19")
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e n c o u n te r  th e  amount o f  r e s e rv e s  in d ic a te d  by th e  g iv en  g e o lo g ic  i n t e r p r e ­

t a t i o n .  The R e l i a b i l i t y  o f  I n t e r p r e t a t i o n  was de te rm in ed  by th e  w r i t e r  

from  h is  p re v io u s  knowledge o f  th e  f i e l d s  a s s o c ia te d  w ith  th e  d r i l l i n g  

p ro p o s a ls ,  and th e  v a lu e  a s s ig n e d  was th o u g h t to  be r e a l i s t i c  f o r  th e  

c o n d it io n s  in v o lv ed  in  each  f i e l d .  The R e l i a b i l i t y  o f  I n t e r p r e t a t i o n  

f a c t o r  w i l l  o c c a s io n a lly  be d e s ig n a te d  as  th e  " r i s k  f a c to r "  in  th e  

rem ainder o f  t h i s  s tu d y .

The low er l e f t  p o r t io n  o f  th e  p ro p o sa l c o n ta in e d  in fo rm a tio n  

co n ce rn in g  r e s e rv e s  and perfo rm ance o f  e x i s t in g  w e l ls ,  e i t h e r  by a  l i s t  

o r  w ith  a  freq u en cy  b a r  g rap h . The n e t  p r o f i t  cu rv es  w ere p lo t te d  as  

fu n c tio n s  o f  p e r  w e ll  r e s e rv e s .  The u p p e r, l i n e a r  fu n c tio n  re p re s e n te d  

u n d isco u n ted  n e t  p r o f i t ;  th e  low er, n o n - l in e a r  fu n c tio n  was d isc o u n te d  

n e t  p r o f i t  u s in g  a  10 p e r  c e n t r a t e  o f  d is c o u n tin g . The d isc o u n te d  n e t  

p r o f i t  cu rv e  in c lu d e d  th e  e f f e c t s ,  i f  any , o f  s h u t - in  d e la y s .

C are was ta k e n  in  th e  p re p a ra t io n  o f  th e  d r i l l i n g  p ro p o sa ls  to  

in s u re  th a t  a l l  th e  in fo rm a tio n  and in t e r p r e t a t i o n s  w ere r e p r e s e n ta t iv e  

o f  a c tu a l  f i e l d  c o n d i t io n s .  S p e c if ic  v a lu e s  f o r  a l l  p a ram e te rs  a f f e c t in g  

n e t  p r o f i t ,  such a s  c ru d e  p r i c e ,  o p e ra t in g  e x p en ses , e t c .  w ere used  in  

th e  com pu ta tion  o f  th e  n e t  p r o f i t s .  R eserve e s t im a te s  w ere r e p r e s e n ta t iv e  

o f  th e  f i e l d  in  each  c a s e . Some o f  th e  p ro p o sa ls  w ere ta k en  from f i e l d s  

w hich w ere b e in g  a c t iv e ly  d ev e lo p ed , w h ile  some f i e l d s  had been co m p le te ly  

developed  a t  th e  tim e . In  th e  l a t t e r  c a s e ,  th e  s e q u e n t ia l  developm ent 

o f  th e  f i e l d  was s tu d ie d ,  and th e  p ro p o sa l based  on a p o in t in  tim e when 

i t  was o n ly  p a r t i a l l y  deve lo p ed . A ll p ro p o s a ls ,  how ever, w ere based  on 

a c tu a l  c o n d it io n s  in  an a tte m p t to  r e f l e c t  th e  problem s o f incom plete  

g e o lo g ic  c o n t r o l ,  poor re s e rv e  d a ta ,  e t c .  w hich e x i s t  in  many d a i ly



43

d r i l l i n g  d e c is io n s .

P r io r  to  commencing th e  a c tu a l  d e c is io n  t e s t ,  a  b r i e f  s l i d e  

p r e s e n ta t io n  was g iv en  to  e x p la in  u t i l i t y  th e o ry  and o u t l in e  th e  g o a ls  

o f  th e  t e s t .  Then, th e  exam ple p ro p o sa l was rev iew ed to  in d ic a te  th e  

method o f  com putation  o f  th e  n e t  p r o f i t  cu rv es  and to  i l l u s t r a t e  th e  

g e n e ra l la y o u t o f  th e  t e s t  d e c is io n s .  At t h i s  tim e th e  fo llo w in g  p o in ts  

w ere em phasized:

1) Each p a r t i c ip a n t  was to  presume th a t  he was making th e  d e c is io n  
f o r  h i s  company.

2) A ll re sp o n ses  would be c o n f id e n t i a l ,  w ith  no re fe re n c e s  made 
to  in d iv id u a ls  o r  com panies t h a t  p a r t i c ip a te d .  I t  was a ls o  
p o in te d  o u t th a t  th e re  w ere no r ig h t  o r  wrong answ ers; t h i s  
was n o t a  t e s t  o f  t h e i r  d e c is io n  making a b i l i t y  b u t r a th e r  a 
t e s t  o f  w h eth er t h i s  d e c is io n  t e s t  p ro ced u re  was r e a l i s t i c .

3 ) I t  was re q u e s te d  th a t  th e  r e l i a b i l i t y  o f  i n t e r p r e t a t i o n  be 
ac c e p te d  as  s t a t e d  on th e  p resum ption  th a t  i t  was th e  b e s t  
e s t im a te  o f  t h e i r  p r o f e s s io n a l  s t a f f .

4 ) The assum ption  th a t  th e  p a r t i c i p a n t 's  company h e ld  v a l id  
le a se h o ld  r ig h t s  u nder a l l  p roposed  d r i l l s i t e s ;  f a c to r s  
such  as le a s e  e x p i r a t io n s ,  o f f s e t  d r i l l i n g  com m itm ents, 
c o m p e tit iv e  p o s i t io n ,  and f e d e r a l  income ta x  were n o t 
c o n s id e re d .

5) The p a r t i c ip a n t s  co u ld  u se  w hatev e r c a p i t a l  b u d g e tin g  
c r i t e r i a  th e y  w an ted , and were f r e e  to  make p e n c i l  compu­
t a t i o n s  b e fo re  re a c h in g  t h e i r  d e c is io n .

6) T h e ir  in d i f f e r e n c e  p o in t  betw een " d r i l l i n g "  o r  "n o t d r i l l i n g "  
co u ld  be g iv en  on th e  answ er s h e e t  in  terras o f  e i t h e r  re s e rv e s ,  
u n d isco u n ted  n e t  p r o f i t ,  o r  d isc o u n te d  n e t  p r o f i t .  I t  was 
c l e a r ly  s t a t e d ,  how ever, t h a t  th e  d isc o u n te d  n e t  p r o f i t  v a lu e  
would be u sed  f o r  th e  com pu ta tion  and c o n s tru c t io n  o f  th e  
u t i l i t y  cu rv e .

7) I f  th e y  f e l t  t h a t  th e  v a lu e  o f  minimum re s e rv e s  o r  n e t  p r o f i t  
f o r  w hich th e y  would c o n s id e r  d r i l l i n g  was la r g e r  th a n  in d i ­
c a te d  on th e  n e t  p r o f i t  g raph , th ey  w ere p e rm itte d  to  s t a t e  
th e  h ig h e r  v a lu e .

A f te r  answ ering  any f u r th e r  q u e s t io n s  th e  te n  d r i l l i n g  p ro p o sa ls  were 

p re s e n te d . The o rd e r  in  w hich th ey  were g iv en  was n o t as l i s t e d  in
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T able 4 , b u t r a th e r  in  a  manner w hich would in te rm ix  th e  ran g es  o f  

in v estm en t and r i s k .  The t e s t i n g  was conducted  in  th e  o f f i c e s  o f  each  

company t h a t  p a r t i c ip a te d .  The e n t i r e  d e c is io n  t e s t  p ro ced u re  re q u ire d  

s l i g h t l y  le s s  th a n  two hours to  com plete .

The p ro ced u re  used to  a rra n g e  th e  p a r t i c ip a t io n  o f  th e  d e c is io n  

m akers o f  th e  v a r io u s  com panies was to  f i r s t  c o n ta c t  one p e rso n  in  th e  

o rg a n iz a tio n  th a t  was a  member o f ,  o r  c lo s e ly  a s s o c ia te d  w ith ,  th e  

d e c is io n  group o f  th e  p a r t i c u l a r  o f f i c e .  At th a t  tim e th e  d e c is io n  

t e s t  p ro ced u re  was rev iew ed , and some o f  th e  t e s t  d e c is io n s  w ere shown 

to  him. I t  was s t a t e d  th a t  t h e i r  re sp o n ses  would be c o n f id e n t i a l .  I t  

was a ls o  em phasized th a t  i t  was n o t th e  company o r  any o f  t h e i r  d e c is io n  

makers th a t  w ere b e in g  te s t e d  o r  judged ; - r a th e r ,  th a t  th e  t e s t  p rocedu re  

i t s e l f  was on t r i a l  and th ey  were m erely  t r y in g  o r  t e s t i n g  i t .  A f te r  

t h i s  i n i t i a l  m eeting  a  m u tu a lly  s a t i s f a c to r y  d a te  would be a rran g ed  

f o r  th e  a c tu a l  t e s t  p ro ced u re . F iv e  d i f f e r e n t  o i l  com panies w ere con­

ta c te d  in  t h i s  m anner, and fo u r  ag reed  to  p a r t i c i p a t e  in  th e  d e c is io n  

t e s t .  The p a r t i c ip a n t s  in  th e  t e s t i n g  p ro ced u re  w ere a l l  members o f  

th e  group making d e c is io n s  on d r i l l i n g  in v estm en ts  f o r  t h e i r  company.

The p a r t i c ip a n t s  w ere s e le c te d  in  a manner th a t  would in s u re  a t  l e a s t  

some f a m i l i a r i t y  w ith  th e  g e n e ra l g e o lo g ic  a re a s  covered  by th e  t e s t  

p ro p o s a ls .

C o n s tru c tio n  o f  th e  U t i l i t y  Curve

The re sp o n ses  o f  each  p a r t i c ip a n t  c o n s is te d  o f  t h e i r  in d i f f e r e n c e  

p o in t betw een " d r i l l i n g "  and "n o t d r i l l i n g " ,  e x p re ssed  in  term s o f  d i s ­

counted  n e t  p r o f i t s .  These re sp o n ses  a re  ta b u la te d  f o r  each  p a r t i c ip a n t  

in  th e  Appendix. A lso in c lu d ed  in  th e  Appendix i s  th e  u t i l i t y  cu rve
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c o n s tru c te d  from  each  p a r t i c i p a n t 's  re sp o n se s .

The method o f  com pu ta tion  u sed  to  c o n v e r t t L s i r  re sp o n se s  to  

u t i l i t i e s  i s  s im i la r  to  t h a t  used  by G rayson ( 2 ) .  An exam ple i s  g iv en  

h e re  u s in g  th e  a c tu a l  t e s t  r e s u l t s  o f  one o f  th e  re sp o n d e n ts . H is 

re sp o n ses  a re  shown in  th e  fo llo w in g  ta b le ;

TABLE 5

p o sa i
mber

RESPONSES OF

Investm en t 

P ro d u cer Dry Hole

PARTICIPANT A-4

R e l i a b i l i t y  o f  
I n t e r p r é t â t  io n  
(R isk  F a c to r )

I n d if f e r e n c e  P o in t 
D isc . Net P r o f i t

3 $ 50 ,000 $ 30 ,000 0 .7 0 $ 74,000
4 70,000 50,000 0 .6 0 135,000
5 55,000 30,000 0 .55 92,000
8 80,000 50,000 0 .6 0 115,000
1 70,000 50 ,000 0 .25 175,000
6 80,000 50,000 0 .4 0 95,000

10 150,000 90,000 0 .7 0 130,000
7 185,000 150,000 0 .4 0 300,000
2 40 ,000 30,000 0 .6 0 76,000
9 200,000 150,000 0 .6 0 165,000

(P ro p o sa ls  a re  l i s t e d  in  th e  o rd e r  th e y  w ere p r e s e n te d .)

By v i r t u e  o f  th e  u t i l i t y  cu rv e  b e in g  u n iq u e  up to  a  l i n e a r  

tr a n s fo rm a tio n ,  th e  u t i l i t i e s  o f two p a y o ffs  c o u ld  a r b i t r a r i l y  be 

s p e c i f i e d .  The u t i l i t y  o f  a  $50,000 lo s s  was s e t  a t  -10  and th e  u t i l i t y  

o f  no a c t io n  ( r e j e c t i n g  th e  gam ble) was s e t  a t  0 . T h is  co n v en tio n  was 

fo llo w ed  in  th e  com p u ta tio n  o f  a l l  th e  re sp o n se s  l i s t e d  in  th e  Appendix. 

The u t i l i t y  a s s o c ia te d  w ith  th e  p a y o ff , U(A), c o u ld  th e n  be computed 

u s in g  E q u a tio n  1 ( p . 31) f o r  th e  fo u r  p ro p o sa ls  in v o lv in g  $50,000 lo s s e s .  

F o r exam ple, th e  u t i l i t y  o f  t h e + $135,000 p ay o ff  s p e c i f i e d  f o r  P ro p o sa l 4
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i s  computed as

0 .6  X U( +  $135,000) +  0 .4  X U( -$ 5 0 ,0 0 0 ) =  U($0)

0 .6  X U (+  $135,000) +  0 .4  x  ( -1 0 ) =  0

o r :
U (+  $135,000) =  6 .67 

S im ila r  u t i l i t i e s  a re  com puted f o r  th e  p a y o ffs  g iv e n  in  P ro p o sa ls  

8 , 1, and 6. S ix  u t i l i t i e s  a re  now known and p lo t te d  to  g iv e  th e  g e n e ra l

shape o f  th e  cu rv e  (F ig u re  4 ) .  The cu rv e  i s  ex ten d ed  f o r  l a r g e r  lo s s e s

and p ay o ffs  by u se  o f  u t i l i t i e s  read  from  th e  cu rv e  w ith in  th e  range o f  

th e  o r ig i n a l  s i x  p o in t s .  In  t h i s  exam ple th e  o r ig i n a l  s i x  p o in ts  w ere 

s u f f i c i e n t  to  d e f in e  th e  cu rv e  up to  a  n e t  p r o f i t  o f  $175,000. The 

u t i l i t y  o f  + $ 1 3 0 ,0 0 0  in  P ro p o sa l 10 was th e n  re a d  from th e  cu rv e  and 

u sed  in  E quation  1 to  compute th e  u t i l i t y  o f  a  lo s s  o f  -$ 9 0 ,0 0 0 . T h is  

p ro ced u re  was p o s s ib le  because  o f  th e  o v e rla p p in g  o f  n e t  p a y o ffs  betw een 

th e  v a r io u s  p ro p o s a ls .

Note th a t  th e  in d i f f e r e n c e  p o in t  o f  $95 ,000  s t a t e d  f o r  P ro p o sa l 6 

was le s s  th a n  th e  $135,000 he r e q u ire d  f o r  d r i l l i n g  P ro p o sa l 4 w hich had 

th e  same d ry  h o le  c o s t .  Y et P ro p o sa l 6 had more r i s k  (0 .4 0  r e l i a b i l i t y  

o f  i n t e r p r e t a t i o n  v e rsu s  0 .6 0  f o r  No. 4 ) w hich w ould su g g e s t th e  ch o ice  

o f  a  h ig h e r  minimum n e t  p r o f i t  to  o f f s e t  th e  added r i s k .  T h is  s i t u a t i o n  

s u g g e s ts  e i t h e r  an i n t r a n s i t i v e  d e c is io n  o r  a  s t ro n g  b ia s  on th e  p a r t  o f  

th e  p a r t i c ip a n t  f o r  one o f  th e  p ro p o s a ls . To p roceed  w ith  th e  com pu ta tion  

o f  th e  p a r t i c i p a n t 's  u t i l i t y  cu rv e  r e q u ire d  a  Judgment a s  to  w hich o f  th e  

two re sp o n ses  was th e  in c o n s i s te n t  o r  b ia s e d  d e c is io n .  F o r P ro p o sa l 5 

in v o lv in g  on ly  a  $30,000 p o te n t i a l  lo s s  he s p e c i f i e d  a  minimum o f  $92,000 . 

F o r  P ro p o sa ls  4 and 8 (b o th  w ith  $50,000 lo s s e s  and r i s k  f a c to r s  o f  0 .6 0 )
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fig u re  4
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he re q u ire d  a t  l e a s t  $115,000 to  d r i l l .  These th r e e  re sp o n se s  su g g es t 

th a t  h i s  in d i f f e r e n c e  p o in t o f  $95 ,000  f o r  P ro p o sa l 6 was in c o n s i s te n t  

w ith  r e s p e c t  to  h i s  s t a t e d  p re fe re n c e s  f o r  th e  o th e r  th r e e  p ro p o s a ls . 

T h e re fo re , h i s  resp o n se  f o r  P ro p o sa l 6 was Judged to  be th e  in c o n s i s te n t  

d e c is io n ,  and th e  u t i l i t y  com puted th e re fro m  was n o t used  f o r  th e  p lo t t in g  

o f  th e  cu rv e . The com pleted  u t i l i t y  cu rve  f o r  t h i s  p a r t i c ip a n t  i s  g iven  

in  th e  Appendix on page 80.

Summary o f  R e su lts  o f  T e s tin g  P rocedure

The re sp o n ses  o f  th e  p a r t i c ip a t in g  d e c is io n  makers w ere g e n e ra lly  

e n t h u s i a s t i c .  In  m ost c a se s  th e y  w anted to  see  t h e i r  u t i l i t y  cu rv es  

a f te rw a rd  to  e v a lu a te  t h e i r  d e c is io n  p re fe re n c e s  w ith  re s p e c t  to  o th e rs  

in  t h e i r  company. They w ere g e n e ra l ly  unanimous in  e x p re s s in g  a need 

f o r  some c r i t e r i o n  to  accoun t f o r  b ia s e s  in  a c o n s is te n t  m anner. T h e ir  

w i l l in g n e s s  to  p a r t i c ip a t e  in  th e  t e s t i n g  p ro ced u re  appeared  to  r e s u l t  

from  t h i s  re c o g n i t io n  o f  th e  in a d eq u ac ie s  o f  th e  c a p i t a l  b u d g e tin g  c r i ­

t e r i a  th ey  were th e n  u s in g .

Most p a r t i c ip a n t s  had a tendency  to  be o v e r ly  c a u t io u s  in  th e  

f i r s t  few d r i l l i n g  p ro p o sa ls  by exam ining ev ery  f a c t o r  g iv en  in  g re a t  

d e t a i l .  T h e re a f te r ,  i t  appeared  th a t  th ey  d i r e c te d  t h e i r  a t t e n t i o n  

p r im a r i ly  to  th e  investm en t and r i s k  f a c t o r s .  S e v e ra l commented th a t  

in  th e  f i r s t  few p ro p o sa ls  th ey  had been too  concerned  w ith  th e  d e t a i l s  

o f  th e  p ro s p e c t. W ith th e  e x c e p tio n  o f  one p e rso n , i t  was f e l t  t h a t  

a l l  th e  re sp o n d en ts  c l e a r ly  u n d e rs to o d  th e  n o tio n  o f  s t a t i n g  an i n d i f ­

fe re n c e  p o in t .  A f te r  c a r e f u l  e x p la n a tio n  i t  was a ls o  f e l t  t h a t  th ey  

reco g n ized  th e  im p o rtan t f a c t  t h a t  th ey  w ere making a  g e n e ra l d e c is io n  

ru le  f o r  th e  f i e l d ,  r a th e r  th a n  a  d e c is io n  f o r  a  p a r t i c u l a r  lo c a t io n .
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The d e c is io n s  made on some p ro p o sa ls  by th e  p a r t i c ip a n t s  w ere o f te n  

r e l a t i v e l y  in c o n s i s t e n t .  T hat i s ,  f o r  some d r i l l i n g  p ro s p e c ts  th e  p a r t i c i ­

p a n t a s s o c ia te d  a  g r e a t e r  o r  l e s s e r  v a lu e  to  th e  p o t e n t i a l  p r o f i t s  w ith  

r e s p e c t  to  h i s  c h o ic e s  on o th e r  d e c is io n s .  T h is  was i l l u s t r a t e d  in  th e  

p re c e d in g  s e c t io n  by th e  p a r t i c i p a n t 's  re sp o n se  g iv e n  f o r  P ro p o sa l 6.

I t  i s  c o n c e iv a b le  th a t  th e  p a r t i c ip a n t s  may have a s s e s se d  th e  r e l i a b i l i t y  

o f  i n t e r p r e t a t i o n  as  b e in g  h ig h e r  o r  low er th a n  th e  v a lu e  s t a t e d  w henever 

th e s e  in c o n s i s te n c ie s  o c c u rre d . As an exam ple, i f  th e  p a r t i c ip a n t  d i s ­

c u ssed  p re v io u s ly  f e l t  t h a t  th e  r e l i a b i l i t y  o f  i n t e r p r e t a t i o n  f o r  P ro p o sa l 

6 was 0 .7  r a th e r  th a n  0 .4  h i s  in d i f f e r e n c e  p o in t  o f  $95,000 would be con­

s i s t e n t  w ith  r e s p e c t  to  h i s  re sp o n ses  f o r  P ro p o sa ls  4 and 8 . T h is  would 

r e s u l t  from  th e  f a c t  t h a t  he would have th e n  judged  P ro p o sa l 6 to  have 

le s s  r i s k  th a n  P ro p o sa ls  4 and 8; th e r e f o r e ,  he would d r i l l  th e  p ro p o sa l 

f o r  l e s s  minimum p r o f i t  ($95 ,000  v e rsu s  $115,000 and $135,000 f o r  Nos. 8 

and 4 r e s p e c t iv e ly ) .
É

I t  i s  to  be n o te d , how ever, th a t  in  th e  t e s t i n g  conducted  in  t h i s  

r e s e a rc h  th e r e  was no s in g le  p ro p o sa l in  w hich a l l  p a r t i c ip a n t s  made 

in c o n s i s te n t  d e c is io n s .  T h is  su g g e s ts  t h a t  th e  r e l i a b i l i t y  o f  i n t e r p r e ­

t a t i o n  s t a t e d  was re a so n a b ly  r e p r e s e n ta t iv e  o f  th e  r i s k  in v o lv ed . F u r th e r ,  

i t  was c l e a r l y  s t a t e d  in  th e  t e s t i n g  th a t  re sp o n d e n ts  w ere to  a c c e p t th e  

assessm en t o f  r i s k  g iv e n  f o r  each  p ro p o sa l a s  b e in g  th e  b e s t  e s t im a te  o f  

t h e i r  p r o f e s s io n a l  s t a f f .  I t  i s  b e lie v e d  th a t  in  m ost in s ta n c e s  th e  

in c o n s i s te n t  re sp o n se s  w ere n o t caused  by th e  r e l i a b i l i t y  o f  i n t e r p r e ­

t a t i o n  f a c t o r .  A more f e a s ib l e  e x p la n a tio n  o f  th e  in c o n s i s te n t  re sp o n ses  

seems to  be th a t  perhaps i t  i s  q u i t e  d i f f i c u l t  to  be co m p le te ly  t r a n s i t i v e  

in  o n e 's  d e c is io n s  w ith o u t a  fo rm al c r i t e r i o n  such as  ex p ec ted  u t i l i t y .

A nother i n t e r e s t i n g  p o in t  was e v id e n t in  th e  t e s t i n g  w ith  re s p e c t
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to  th e  re sp o n ses  g iv en  f o r  P ro p o sa l 10. T h is  v a s  perhaps th e  b e s t  p ro sp e c t 

in  th e  e n t i r e  s e r i e s ,  w ith  developed  p e r - v e l l  re s e rv e s  o f  th re e  o r  fo u r  

tim es  th e  amount no rm ally  s t a t e d  as  th e  in d i f f e r e n c e  p o in t .  However, 

th e  gas f i e l d  was s h u t - in  w ith  an a n t ic ip a te d  d e la y  o f  th re e  more y ea rs  

b e fo re  gas s a le s  would be commenced. D e sp ite  th e  la rg e  p e r -w e ll  re s e rv e s  

and th e  f a c t  (which was c l e a r ly  s ta t e d )  t h a t  th e  d isc o u n te d  n e t p r o f i t  

cu rv e  in c lu d e d  th e  s a le s  d e la y , a l l  b u t a  few p a r t i c ip a n t s  re q u ire d  a 

h ig h e r  "minimum" to  d r i l l  t h i s  p ro sp e c t - r e l a t i v e  to  t h e i r  p re fe re n c e s  

e x p re s se d  on o th e r  p ro p o s a ls .  In c lu s io n  o f  t h i s  p ro sp e c t was d e l ib e r a te  

to  see  how th e  d e c is io n  m akers r e a c t  to  a  d r i l l i n g  investm en t w ith  d e fe r re d  

income. I f  a  d e c is io n  maker u se s  a  d isc o u n te d  n e t  p r o f i t  c r i t e r i o n ,  th e  

e f f e c t s  o f  d e fe r r e d  income a re  c o n s id e re d  in  th e  d is c o u n tin g . The r e ­

sponses  to  t h i s  t e s t i n g  su g g e s t t h a t  d e s p i te  t h i s  f a c t  many d e c is io n  

m akers s t i l l  have s tro n g  b ia s e s  abou t s h u t - in  d e la y s .  These b ia s e s  

m ight be caused  by such th in g s  as th e  amount o f  work re q u ire d  to  commence 

gas s a le s  (PPG h e a r in g s ,  e t c . )  and th e  s im p le  n u isa n c e  f a c t o r  o f  added 

c l e r i c a l  and a c c o u n tin g  work.

The r e s u l t s  o f  th e  t e s t i n g  a ls o  p ro v id ed  in t e r e s t i n g  com parisons 

among d e c is io n  m akers in  th e  same company. F ig u re  5 shows th e  u t i l i t y  

c u rv es  o f  two d e c is io n  makers in  Company A. D e c is io n  maker A-2 v e rb a l ly  

e x p re sse d  a p re fe re n c e  f o r  a  "mix" o f  d r i l l i n g  in v estm en ts  w hich would 

in c lu d e  le s s  ex p e n s iv e , low u l t im a te  p r o f i t  ty p e  in v e stm en ts  as w e ll  as 

th e  h ig h  p r o f i t  p ro s p e c ts .  H is re sp o n se s , and hence h is  u t i l i t y  curve 

r e f l e c t  t h i s  p re fe re n c e  in  a  p r o f i t  range  le s s  th a n  $125,000. On th e  

o th e r  hand d e c is io n  maker A-4 had l i t t l e  u t i l i t y  o r  p re fe re n c e  f o r  d r i l l i n g  

w e ll s  f o r  p o te n t i a l  p r o f i t s  o f  l e s s  th a n  $125,000.
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FIGURE 5
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F ig u re  6 g iv e s  a n o th e r  com parison betw een two d e c is io n  makers 

in  Company B. From th e  shapes o f  t h e i r  u t i l i t y  c u rv e s , d e c is io n  maker 

B-1 has a  much g r e a t e r  p re fe re n c e  f o r  p r o f i t s  ex ceed in g  $150,000 th a n  

does B-5. S ta te d  c o n v e rse ly , B-5 ap p ea rs  to  be more c o n s e rv a t iv e .  As 

an exam ple. P ro p o sa l 6 had a p o te n t i a l  d ry  h o le  lo s s  o f  $50 ,000  and a 

r i s k  f a c t o r  o f  o n ly  0 .4 0 . P a r t i c ip a n t  B-1 s t a t e d  he would d r i l l  t h i s  

p ro sp e c t f o r  a minimum p r o f i t  o f  $175,000, w h ile  B-5 s t a t e d  t h a t  he 

would r e q u ir e  a t  l e a s t  $250,000 p r o f i t  to  c o n s id e r  d r i l l i n g  in  th e  

f i e l d .

A nother com parison  was made f o r  each  group o f  d e c is io n  m akers 

and i s  shown in  th e  Appendix as  th e  Com posite D e c is io n  C urve. The 

d a ta  u sed  to  c o n s tr u c t  t h i s  cu rv e  w ere th e  a r i th m e t ic  av erag e  o f  th e  

in d i f f e r e n c e  p o in ts  s t a t e d  by each  p a r t i c ip a n t  in  th e  group f o r  each  

p ro p o s a l.  T h is  cu rv e  was c o n s tru c te d  to  see  i f  an av erag e  o f  a l l  th e  

in d iv id u a l  p re fe re n c e s  would be a  c o n s is te n t  s e t  o f  d e c i s io n s ,  even 

though some o f  th e  p a r t i c ip a n t s  were in c o n s i s te n t  on some o f  t h e i r  

re sp o n se s . F o r exam ple, each  o f  th e  fo u r  p a r t i c ip a n t s  o f  Group A had 

in c o n s is te n c ie s  b u t a l l  th e  "av e rag e"  p o in ts  g e n e ra lly  f a l l  on a  f e a s ib l e  

com posite  d e c is io n  c u rv e . T h is  m ight r e p re s e n t  an  u l t im a te  group d e c is io n  

w hich m ight be made by Group A. W hile t h i s  com parison  seems i n t u i t i v e l y  

v a l id ,  i t  must be em phasized th a t  u t i l i t y  th e o ry  i s  based  on in d iv id u a l  

r a th e r  th a n  group d e c is io n s .  The problem s and n a tu re  o f  group o r  s o c ia l  

c h o ic e s  a re  q u i t e  com plex and th e  com posite  d e c is io n  cu rv e  i s  n o t p re ­

se n te d  w ith  any c la im  o f  t h e o r e t i c a l  J u s t i f i c a t i o n .  I t  d o es , how ever, 

r a i s e  th e  q u e s tio n  abou t group a c t io n  as  a  means to  a ch iev e  a g r e a t e r  

d eg ree  o f  c o n s is te n c y .
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FIGVBE 6
Com parison o f  u t i l i t y  cu rv es  
o f  P a r t i c ip a n t s  B-1 and B-560
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As a  g e n e ra l summary o f  th e  t e s t  r e s u l t s ,  i t  ap p ea rs  th a t  th e  

p ro ced u re  f o r  t e s t i n g  ap p ea rs  ad eq u a te  to  d e te rm in e  a  u t i l i t y  cu rv e  f o r  

a  d r i l l i n g  in v estm en t d e c is io n  m aker. In  many c a s e s ,  s t a t e d  b ia s e s  o r  

p re fe re n c e s  o f  th e  p a r t i c ip a n t s  w ere r e f l e c t e d  in  th e  shapes o f  t h e i r  

u t i l i t y  c u rv e s . T h is su g g e s ts  th a t  th e  t e s t  p roced u re  i s  r e p r e s e n ta t iv e  

o f  th e  type  d e c is io n s  made in  a c tu a l  s i t u a t i o n s .  The u t i l i t y  cu rve  

c o n s tru c te d  from  th e  re sp o n ses  g iv e n  in  a  t e s t  p ro ced u re  such as  t h i s  

sh o u ld  be u s a b le  f o r  " re a l-w o r ld "  d e c is io n s .  I t  shou ld  be n o te d , how­

e v e r ,  th a t  many o f  th e  cu rv es  have s im i la r  shapes in  th e  t h i r d  q u ad ran t 

(n e t  lo s s e s ) .  T h is  i s  because  th e  u t i l i t y  o f  a  $50 ,000 lo s s  was s e t  a t  

-10  f o r  a l l  p a r t i c ip a n t s ,  to g e th e r  w ith  th e  f a c t  t h a t  o n ly  th r e e  o th e r  

v a lu e s  o f  n e t  lo s s e s  w ere g iv en . T h e re fo re , th e  s p e c i f i c  r e s u l t s  c£ t h i s  

s e t  o f  d r i l l i n g  p ro p o sa ls  a re  n o t s u f f i c i e n t  to  c l e a r ly  d e f in e  t h i s  p o r­

t i o n  o f  th e  cu rv e . T h is  problem  co u ld  be e l im in a te d  by u s in g  a w id e r 

range  o f  p o t e n t i a l  lo s s e s  in  sub seq u en t d r i l l i n g  p ro p o sa ls .

S e v e ra l s u g g e s tio n s  f o r  improvement o r  m o d if ic a t io n  o f  th e  

t e s t i n g  p ro ced u re  became e v id e n t in  th e  e x p e rim e n ta l phase o f  t h i s  

r e s e a r c h .  S ince  th e  w r i t e r  was co m p le te ly  f a m i l i a r  w ith  a l l  th e  f i e l d s  

in v o lv e d , i t  was n o t to o  d i f f i c u l t  to  answ er any s p e c i f i c  q u e s tio n s  about 

th e  f i e l d s ,  th e  geo lo g y , th e  p ro d u c in g  c h a r a c t e r i s t i c s ,  e t c .  U n q u estio n ab ly , 

th e  e x p lo ra to ry  d r i l l i n g  p ro sp e c t was th e  most d i f f i c u l t  p ro sp e c t to  

p r e s e n t .  I t  i s  custom ary  to  c o n s id e r  w ild c a t  p ro p o sa ls  in  term s o f  

u l t im a te  re s e rv e s  w hich m ight be d isc o v e re d  r a th e r  th a n  p e r -w e ll  r e s e rv e s ,  

and t h i s  approach  was u sed  f o r  th e  t e s t  d e c is io n .  The p a r t i c ip a n t s  w ere 

th e n  asked  to  in d ic a te  th e  minimum amount o f  u l t im a te  f i e l d  r e s e rv e s  w hich 

th e y  would r e q u ir e  to  J u s t i f y  th e  h ig h  r i s k  in v o lv ed  in  d r i l l i n g  th e
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w ild c a t .  C o n s id e rab le  e x p la n a tio n  was u s u a l ly  re q u ire d  b e fo re  th e  

p a r t i c ip a n t s  were a b le  to  e v a lu a te  th e  p ro p o sa l. Some o f  th e  t r o u b le  in  

p re s e n tin g  t h i s  d r i l l i n g  p ro sp e c t may have r e s u l te d  from th e  f a c t  th a t  

some com panies a p p a re n tly  e v a lu a te  t h e i r  e x p lo ra to ry  p r o je c t s  in  a 

d i f f e r e n t  manner.

One p a r t i c ip a n t  su g g es ted  th a t  an a d d i t io n a l  d isc o u n te d  n e t  

p r o f i t  c u rv e , u s in g  a  15 p e r  c e n t r a t e  o f  d is c o u n tin g , be in c lu d e d .

T his co u ld  be added e a s i l y  in  th e  d e s ig n  o f  f u tu r e  t e s t s .  However, 

c a re  must be e x e rc is e d  to  in s u re  th a t  th e  form at w i l l  n o t fa v o r  a 

p a r t i c u l a r  m onetary d e c is io n  c r i t e r i o n  such  a s  r a t e  o f  r e tu r n .

A nother p a r t i c ip a n t  asked  i f  th e  w r i t e r  was a t te m p tin g  to  t r a p  

o r  t r i c k  him by th e  n o n -s e q u e n tia l  o rd e r  in  w hich th e  d e c is io n s  were 

p re se n te d . T h is  was perhaps a  v a l id  c r i t i c i s m ,  and th e  w r i t e r  f e e l s  

t h a t  f u tu r e  t e s t  d e c is io n s  sh o u ld  be a rran g ed  and p re se n te d  in  n u m erica l 

o rd e r .

Some resp o n d en ts  f e l t  thgy  co u ld  have made b e t t e r  d e c is io n s  i f  

th ey  w ere g iv en  more tim e on each  p ro p o sa l. The t e s t i n g  tim e was l im ite d  

to  m inim ize th e  tim e req u irem en ts  o f  th e  p a r t i c ip a n t s .  T h is  approach  

was f e l t  to  be r e p r e s e n ta t iv e  o f  a c tu a l  d e c is io n  c o n d i t io n s .  The lo g ic a l  

s o lu t io n  when u s in g  th i s  t e s t  p roced u re  w ith in  a  company i s  to  a llo w  a 

tim e e q u iv a le n t to  th a t  a l l o t t e d  f o r  c o n s id e ra t io n  o f  each  a c tu a l  d r i l l i n g  

p ro p o sa l.

S e v e ra l p a r t i c ip a n t s  s t a t e d  th a t  th ey  were c o n sc io u s ly  e v a lu a tin g  

w heth er th ey  b e l ie v e d  th e  s t a t e d  r e l i a b i l i t y  o f  i n t e r p r e t a t i o n ,  o r  r i s k  

f a c t o r ,  and th a t  in  some c a se s  th ey  f e l t  th a t  i t  sh o u ld  be e i t h e r  h ig h e r  

o r  low er. In  th e  en su in g  d is c u s s io n ,  th e  su g g e s tio n  ev o lved  o f  l e t t i n g
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each  p a r t i c ip a n t  s t a t e  h i s  in d i f f e r e n c e ,  a s  v e i l  a s  th e  r i s k  f a c t o r  

used  a s  a  b a s is  f o r  h i s  d e c is io n .  From a m echan ica l p o in t  o f  view  

th e  p ro ced u re  u sed  h e re in  f o r  com puting u t i l i t i e s  w ould be u n a f fe c te d .

An approach  such  a s  t h i s  su g g e s ts  t h a t  th e  d e c is io n  maker m ust a s s e s s  

th e  r i s k  a s  w e ll  a s  co m p le tin g  th e  "v a lu e  phase" o f  th e  d e c is io n .  T h is  

i s  in  c o n t r a s t  to  m ost d e c is io n  s i t u a t i o n s  w here th e  d e c is io n  maker must 

r e ly  upon th e  r i s k  assessm en t p re p a re d  by h is  p r o f e s s io n a l  s t a f f .  A 

f u r t h e r  c o m p lic a tin g  f a c t o r  i s  t h a t  th e  p ro p o sa ls  would have to  in c lu d e  

a l a r g e r  amount o f  g e o lo g ic a l  and e n g in e e r in g  d a ta  to  p e rm it a re a so n ­

a b le  a n a ly s is  o f  r i s k .  Such a  m o d if ic a t io n  o f  th e  t e s t i n g  p ro ced u re  

developed  in  t h i s  r e s e a rc h  does n o t ap p ea r d e s i r a b l e .

The p a r t i c ip a t io n  and en th u sia sm  o f  th e  re sp o n d e n ts  improved in  

th e  u p p er le v e ls  o f  management. I t  was a p p a re n t t h a t  when th e  s e n io r  

management p e rso n n e l a c t iv e ly  p a r t i c ip a t e d  in  th e  t e s t i n g  p ro ced u re  and 

th e  c o n s id e ra t io n  o f  u t i l i t y  th e o ry , th e  s u b o rd in a te s  in  th e  group d id  

l ik e w is e . C o n v e rse ly , in  one g ro u p , i t  was f e l t  t h a t  th e  o th e r s  w ere 

c a u t io u s  o f  th e  e n t i r e  th e o ry  and t e s t  becau se  th e  s e n io r  member o f  th e  

group re a c te d  r a th e r  w a r i ly .  F o r t h i s  re a s o n , th e  e x te n s io n  o f  t h i s  work 

and th e  im p lem en ta tio n  o f  u t i l i t y  th e o ry  in  th e  company sh o u ld  u n q u e s tio n ­

a b ly  s t a r t  a t  th e  to p  le v e l  o f  management. F o r tu n a te ly ,  i t  was o b served  

th a t  th e  to p  management d e c is io n  m akers w ere much more co n sc io u s  o f  th e  

need o f  b e t t e r  m easures o f  v a lu e ,  and co n se q u e n tly  more r e c e p t iv e  to  

u t i l i t y  th e o ry .

I t  was ob serv ed  in  one group t h a t  e x i s t in g  c o rp o ra te  p o l i c ie s  

w ere a p p a re n tly  th e  cau se  o f  th e  b ia s e s  in d ic a te d  by th e  p a r t i c i p a n t s '  

re sp o n se s . The p a r t i c u l a r  in s ta n c e  in v o lv ed  an e x i s t in g  p o lic y  o f  n o t
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d r i l l i n g  in  K ansas. As a  r e s u l t ,  th e  re sp o n ses  g iv e n  by th e  re sp o n d en ts  

o f  t h i s  group f o r  p ro p o sa ls  in  K ansas w ere s t ro n g ly  b ia s e d . The b ia s  

was r e f l e c t e d  by t h e i r  ch o ic e s  o f  v e ry  h ig h  in d i f f e r e n c e  p o in ts  f o r  th e  

Kansas p ro p o s a ls .  T h is  o b s e rv a tio n  su g g e s ts  th a t  th e  p a r t i c u l a r  shapes 

o f  th e  u t i l i t y  cu rv es  may in  some c a se s  be r e f l e c t i n g  c o rp o ra te  p o l i c i e s  

r a th e r  th a n  in d iv id u a l  p re fe re n c e s .

In  th e  p r e s e n ta t io n  o f  u t i l i t y  th e o ry  i t  was som etim es o b served  

t h a t  th e  p a r t i c ip a n t s  w ere Ju d g in g  u t i l i t y  th e o ry  a s  b e in g  a  c r i t e r i o n  

to  t e l l  them hc:f to  make a d r i l l i n g  in v estm en t d e c is io n .  In  th e  d i s ­

c u s s io n  o f  u t i l i t y  th e o ry  i t  was em phasized th a t  th e  th e o ry  i s  n o t 

p r e s c r ip t iv e  -  b u t m ere ly  a c o n v en ien t means o f  d e s c r ib in g  o n e 's  p r e f e r ­

e n c e s . However, i f  th e  r e a c t io n s  o b served  in  t h i s  r e s e a rc h  w ere 

r e p r e s e n ta t iv e ,  th e n  th e  t r a i n in g  o f  th e  d e c is io n  m akers on th e  u se  o f  

u t i l i t y  th e o ry  m ust em phasize t h i s  p o in t .  To keep u t i l i t y  th e o ry  in  th e  

p ro p e r  p e r s p e c t iv e  in  th e  d e c is io n  p ro c e s s ,  th e  d e c is io n  maker must 

re c o g n iz e  t h a t  ex p ec ted  u t i l i t y  does n o t t e l l  him how to  make a  d e c is io n ;  

b u t r a th e r  i s  a  s ta te m e n t o f  h i s  b a s ic  p re fe re n c e s  f o r  th e  m onetary  outcomes 

in v o lv ed  in  th e  d e c is io n  a l t e r n a t i v e s .  Use o f  ex p ec ted  u t i l i t y  as a 

d e c is io n  c r i t e r i o n  i s  th e r e f o r e  a means o f  s y s te m a t ic a l ly  ac c o u n tin g  

f o r  b ia s e s  a f f e c t in g  th e  d e c is io n  m a k e r 's  p re fe re n c e s .  No o th e r  d e c is io n  

c r i t e r i o n  has t h i s  in h e re n t ad v an tag e .



CHAPTER IV

APPLICATION AND CONCLUSIONS 

The r e s u l t s  o f  th e  t e s t i n g  p ro ced u re  d isc u sse d  In  th e  p rece d in g  

c h a p te r  su g g es t th e  f e a s i b i l i t y  o f  u s in g  u t i l i t y  th e o ry  in  d r i l l i n g  

d e c is io n s .  A few a d d i t io n a l  comments re g a rd in g  u se  o f  u t i l i t y  as  a 

d e c is io n  c r i t e r i o n  a r e ,  th e r e f o r e ,  in  o rd e r .  U t i l i t y  th e o ry  ap p ea rs  

to  o f f e r  th e  fo llo w in g  advan tages as a m easure o f  v a lu e  in  d r i l l i n g  

investm en t d e c is io n s :

1) I t  s y s te m a tic a l ly  r e l a t e s  b ia s  caused  by r i s k  p re fe re n c e s ,  
a s s e t  p o s i t io n ,  and c o rp o ra te  g o a ls  to  m onetary outcom es.

2) I t  i s  sim ple  to  u se  and i t s  com plete acc ep tan c e  would 
p ro v id e  th e  b a s is  f o r  more c o n s is te n t  d r i l l i n g  d e c is io n s .

3) E xpected u t i l i t y  i s  a  s u i t a b le  c a p i t a l  b u d g e tin g  
ran k in g  c r i t e r i o n  -  i . e .  s e l e c t  d r i l l i n g  p ro p o sa ls  
in  o rd e r  o f  descen d in g  ex p ec ted  u t i l i t y .

4 )  Top management d e c is io n  p o l i c ie s  cou ld  be c o n v e n ie n tly  
d e le g a te d  to  low er management le v e ls  in  th e  form  o f a 
d e c is io n  cu rv e .

5 ) I t s  u se  r e q u ir e s  no re - in v e s tm e n t assum ption  (a s  in  
d isc o u n te d  r a t e  o f  r e tu r n ) .  The e s ta b l i s h in g  o f  
"minimum" re tu m s -o n - in v e s tm e n t a n d /o r  payou ts  a re  
e l im in a te d .

To g a in  th e se  ap p a re n t b e n e f i t s  would r e q u ire  th e  t r a n s i t i o n  from 

th e  " s ta n d a rd "  m easures o f  v a lu e  now in  u se  to  a t o t a l l y  new c o n c e p t. I f  

th e  te ch n iq u e  o f  ex p ec ted  m onetary v a lu e  was in  w idesp read  u se  f o r  d r i l l i n g  

investm en t d e c is io n s  th e  t r a n s i t i o n  would be f a i r l y  s im p le . However, i t  

was observed  th a t  none o f  th e  com panies w hich p a r t i c ip a te d  w ere u s in g
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m ath em atica l e x p e c ta t io n  as  a  fo rm al m easure o f  v a lu e  in  t h e i r  d e c is io n  

p ro c e s s e s .  In  f a c t ,  some o f  th e  p a r t i c ip a n t s  w ere on ly  v ag u e ly  f a m i l i a r  

w ith  ex p ec ted  v a lu e . The im p lem en ta tion  o f  u t i l i t y  th e o ry  w i l l  th e r e f o r e  

in v o lv e  a c o n s id e ra b le  amount o f  e d u c a tio n  o r  t r a in in g .  F o r th e s e  rea so n s  

i t  i s  reco g n ized  th a t  th e  t r a n s i t i o n  w i l l  be d i f f i c u l t  and perh ap s tim e 

consum ing, and w i l l  r e q u ir e  com plete  su p p o rt o f  management.

Some i n i t i a l  s te p s  o r  s u g g e s tio n s  to  b eg in  th e  t r a n s i t i o n  a re  

g iv en  in  th e  fo llo w in g  s e c t io n .  The fo rm al co n c lu s io n s  and im p lic a t io n s  

o f  t h i s  re s e a rc h  a re  g iv en  in  th e  second s e c t io n .  The f i n a l  p o r t io n  o f  

th e  c h a p te r  o u t l in e s  a  t e n t a t i v e  p ro p o sa l o f  a  new method o f  d e te rm in in g  

u t i l i t y  c u rv e s . T h is  method would be based  on u se  o f  a c tu a l  d e c is io n s  

o v e r  a p e r io d  o f  tim e , r a th e r  th a n  a  t e s t i n g  p ro ced u re  such  a s  d is c u s s e d  

in  t h i s  s tu d y .

Im p lem en ta tion  o f  U t i l i t y  as a  D ec is io n  C r i t e r io n  

To im plem ent u t i l i t y  th e o ry  in to  a c tu a l  d e c is io n  s i t u a t io n s  w i l l  

i n i t i a l l y  re q u ir e  th e  d e f i n i t i o n  o f  a  u t i l i t y  cu rv e  w hich th e  d e c is io n  

maker f e e l s  i s  e n t i r e l y  r e p r e s e n ta t iv e  o f  h is  p re fe re n c e s .  The f i r s t  

s te p  would be to  d e v ise  th e  t e s t  p ro ced u re . Use o f  a p ro ced u re  such 

as  developed in  t h i s  s tu d y  ap p ea rs  to  be a  s u i ta b le  way o f  t e s t i n g ;  how= 

e v e r ,  c e r t a in  changes would be in  o rd e r .  The d r i l l i n g  p ro p o s a ls  sh o u ld  

be ta k en  from a re a s  w here th e  p a r t i c u l a r  company i s  a c t iv e ly  d r i l l i n g .

The investm en t range would th e n  be a d ju s te d  a c c o rd in g ly . P o s s ib ly  th e  

company may w ish  to  u se  a  d i f f e r e n t  d is c o u n tin g  r a t e ,  and perhaps in c lu d e  

th e  e f f e c t s  o f  f e d e r a l  ta x a t io n .

The d e c is io n  group may a ls o  f in d  i t  advan tageous to  be g iv en  

more th a n  10 d e c is io n s  so as  to  more co m p le te ly  d e f in e  th e  c u rv e . T h is
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w ould su g g e s t a  t e s t i n g  p ro ced u re  w hich m ight be g iv en  in  two o r  th r e e

s e p a ra te  s e s s io n s .  A nother a l t e r n a t i v e  w ould p roceed  as  fo llo w s :

A f te r  each  a c tu a l  d r i l l i n g  d e c is io n  in  th e  d a i ly  c o u rse  o f  a f f a i r s ,  
th e  d e c is io n  m aker w ould c o n sc io u s ly  e v a lu a te  h i s  in d i f f e r e n c e  p o in t 
f o r  th e  d e c i s io n  w hich had j u s t  been made. F o r exam ple, suppose a 
p ro p o sa l had j u s t  been  made f o r  th e  d r i l l i n g  o f  a  $50,000 w e ll  w ith  
an e s t im a te d  100,000 b a r r e l s  r e s e rv e s  and a  r i s k  f a c t o r  o f  0 .6 0 .
F u r th e r  suppose th e  d e c is io n  maker d ec id ed  to  d r i l l  th e  w e l l .  He 
would th e n  ta k e  a  few moments to  d e f in e  th e  amount o f  r e s e rv e s  (o r  
p r o f i t a b i l i t y )  below  w hich he would n o t have d r i l l e d  -  such a s  70,000 
b a r r e l s .  I f  he had  r e je c te d  th e  p ro p o sa l he would th e n  d e f in e  th e  
amount o f  r e s e rv e s  w hich would have been  n e c e ss a ry  f o r  him to  d r i l l  
such as  150,000 b a r r e l s .  T h is  in d i f f e r e n c e  p o in t  would r e p re s e n t  one 
t e s t  d e c is io n  (b u t u s in g  an a c tu a l  d e c is io n )  and one p o in t  f o r  th e  
c o n s tr u c t io n  o f  h i s  u t i l i t y  c u rv e . T h is  p ro c e ss  w ould th e n  be con­
tin u e d  u n t i l  s u f f i c i e n t  d a ta  had been g e n e ra te d  to  c o n s tr u c t  th e  c u rv e .

I t  i s  q u i t e  p ro b a b le  t h a t  even i f  u se  o f  ex p ec ted  u t i l i t y  as a 

d e c is io n  c r i t e r i o n  was i n i t i a t e d ,  th e  d e c is io n  maker would c o n tin u e  to  u se  

some o f h i s  " s ta n d a rd "  m easures o f  v a lu e  f o r  a p e r io d  o f  tim e . D uring t h i s  

t r a n s i t i o n  p e r io d  ex p ec ted  u t i l i t y  would r e p re s e n t  a n o th e r  "econom ic y a rd ­

s t i c k "  in  c o n ju n c tio n  w ith  r a t e  o f  r e tu r n ,  r e tu m -o n - in v e s tm e n t,  e t c .  A 

d r i l l i n g  p ro p o sa l m ight be p re se n te d  as  fo llo w s :

"T h is  w e ll  i s  ex p ec ted  to  y ie ld  an RDI o f  _______ and payout in _______
m onths. The ex p ec ted  u t i l i t y  o f  th e  d e c is io n  to  d r i l l  i s
w hereas th e  ex p ec ted  u t i l i t y  o f  th e  a l t e r n a t i v e  o f  fa rm ing  o u t i s  
o n ly   . "

D uring  th e  i n i t i a l  u se  o f  u t i l i t y  th e o ry  i t  i s  v i s u a l iz e d  th a t  

perh ap s one p e rso n  on th e  p ro fe s s io n a l  s t a f f  would o v e r -s e e  i t s  a p p l ic a t io n .  

T h is  p erso n  w ould have to  be t o t a l l y  c o n v e rsa n t w ith  u t i l i t y  th e o ry , as  w e ll 

a s  b e in g  in  a f a i r l y  r e s p o n s ib le  p o s i t io n  w ith  re s p e c t  to  th e  d e c is io n  

p ro c e s s e s .  The com plete  ra p p o r t betw een th e  in d iv id u a l  and th e  d e c is io n  

maker would be e s s e n t i a l  u n t i l  c o n fid e n ce  in  th e  th e o ry  i s  e s ta b l i s h e d .
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A f i n a l  comment i s  in  o rd e r  re g a rd in g  th e  r e la t io n s h ip  betw een 

th e  v a lu e  phase o f  th e  d e c is io n  and th e  a n a ly s i s  o f  r i s k .  I t  was s ta t e d  

in  C h ap te r I I  th a t  th e  number o f  outcom es th a t  can  be e v a lu a te d  in  th e  

ex p ec ted  u t i l i t y  com putation  i s  u n lim ite d . The exam ple g iv en  in  T ab le  3 

(p . 29) c o n ta in e d  o n ly  f iv e  p o s s ib le  outcom es ran g in g  from a  d ry  h o le  to  

re s e rv e s  o f  5 BCF. In  th e  l a s t  s e v e ra l  y e a rs  methods o f  r i s k  a n a ly s is  

have been developed  th a t  r e p re s e n t  th e  outcom es from  a  p a r t i c u l a r  d e c is io n  

a s  a  co n tin u o u s  d i s t r i b u t i o n  (1 3 ) . These te c h n iq u e s  have been a p p lie d  

to  th e  problem  o f  r i s k  a n a ly s is  f o r  d r i l l i n g  p ro p o sa ls  as w e ll  (1 4 ) . A 

d e s c r ip t io n  o f  r i s k  in  t h i s  manner o f f e r s  th e  advan tage  o f  r e l a t i n g  a 

p r o b a b i l i ty  w ith  a l l  p o s s ib le  v a lu e s  o f  u l t im a te  p r o f i t a b i l i t y  which 

m ight o c c u r . Can u t i l i t y  th e o ry  be u sed  as  a m easure o f  v a lu e  when th e  

outcom es a re  e x p re sse d  as a d i s t r i b u t i o n  r a th e r  th a n  s p e c i f i c  p r o f i t a b i l i t i e s ?  

The answ er i s  yes and th e  fo llo w in g  exam ple b r i e f l y  o u t l in e s  a  te c h n iq u e .

Suppose th a t  s e v e ra l  v a r ia b le s  have been d e f in e d  as  a f f e c t in g  

u l t im a te  p r o f i t a b i l i t y ,  such a s  n e t  pay , s t r u c t u r a l  p o s i t io n ,  w e ll  c o s t s ,  

e t c .  Each v a r ia b le  i s ,  in  i t s e l f ,  p r o b a b i l i s t i c  in  n a tu re .  T hat i s ,  

th e  n e t  pay co u ld  be 15 f e e t ,  b u t i t  m ight be 14 f e e t ,  o r  3 f e e t ,  e t c .  

in s te a d .  A f te r  making judgm ents as  to  th e  range and d i s t r i b u t i o n  o f  

each v a r i a b le ,  R eference  14 i l l u s t r a t e s  how th e se  d i s t r i b u t i o n s  a re  

combined in to  a s in g le  d i s t r i b u t i o n  o f  u l t im a te  d isc o u n te d  n e t  p r o f i t .

T h is  d i s t r i b u t i o n ,  when p lo t te d  on a cu m u la tiv e  b a s is  m ight ap p ea r as 

in  F ig u re  7. Now th a t  th e  r i s k  has been a s s e s s e d ,  a m easure o f  v a lu e  

o f  th e  d e c is io n  a l t e r n a t iv e s  m ust be d e te rm in ed . T h is  i s  accom plished  

by d iv id in g  th e  p r o f i t a b i l i t y  d i s t r i b u t i o n  in to  a  s e r i e s  o f  i n t e r v a l s .

One such in t e r v a l  hav in g  a w id th  o f  $50,000 i s  shown. The m idpo in t o f
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FIGURE 7 - U ltim a te  p r o f i t a b i l i t y  as a fu n c t io n  o f
p r o b a b i l i ty  f o r  h y p o th e t ic a l  d r i l l i n g  p ro p o sa l

th e  i n t e r v a l  ($125,000) i s  u sed  to  e n te r  th e  d e c is io n  m ak er 's  u t i l i t y  curve 

to  d e te rm in e  h is  u t i l i t y  f o r  t h a t  amount o f  n e t  p r o f i t .  The p r o b a b i l i ty  

t h a t  a  p r o f i t  betw een $100,000 and $150,000 w i l l  o ccu r i s  sim ply  (F]^qO 

- P^gg). The p ro d u c t o f  th e  p r o b a b i l i ty  and u t i l i t y  i s  o b ta in e d  and 

a lg e b r a ic a l ly  summed w ith  s im i la r  p ro d u c ts  f o r  th e  rem ain ing  in te r v a ls  

to  y ie ld  th e  ex p ec ted  u t i l i t y  o f  th e  a l t e r n a t i v e  " d r i l l " .  The in t e r v a l s  

chosen  do n o t have to  be o f  eq u a l s iz e .  The p r o f i t a b i l i t y  d i s t r i b u t io n s  

o f  o th e r  d e c is io n  a l t e r n a t iv e s  such as farm  o u t ,  p e n a lty  c la u s e ,  e t c .  a re
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t r e a te d  in  a  s im i la r  manner.

C onclusIona and Im p lic a t io n s  o f  T h is  R esearch

The a p p l i c a b i l i t y  o f  t h i s  t e s t  p ro ced u re  m ust u l t im a te ly  be 

Judged a f t e r  th e  u t i l i t y  cu rv e  so c o n s tru c te d  has been  used  in ,  o r  com­

p ared  w ith  " re a l-w o r ld "  d e c is io n s .  T h is  m ight be accom plished  by 

com paring th e  d e c is io n s  d ic ta t e d  by ex p ec ted  u t i l i t y  com pu ta tions  w ith  

th o se  made by management u s in g  p re s e n t d e c is io n  c r i t e r i a  o v e r a  p e r io d  

o f  tim e . Such a com parison  would have to  be done by company p e rso n n e l 

and was o b v io u s ly  n o t w ith in  th e  scope o f  a  u n iv e r s i ty  re s e a rc h  program .

S e v e ra l t e n t a t i v e  c o n c lu s io n s , how ever, can be made from th e  

r e s u l t s  o f  th e  d e c is io n  t e s t  p ro c e d u re s :

1) The t e s t i n g  p ro ced u re  ap p ea rs  to  be ad eq u a te  in  p re s e n t in g  
th e  many f a c to r s  w hich b ia s  th e  d e c is io n  maker c o n s id e r in g  
a  d r i l l i n g  in v estm en t p ro p o sa l. The re sp o n d en ts  had no 
p a r t i c u l a r  t r o u b le  in  u n d e rs ta n d in g  th e  t e s t i n g  te c h n iq u e .

2) V arious s ta te m e n ts  made by th e  p a r t i c ip a n t s  b e fo re ,  d u r in g , 
and a f t e r  th e  t e s t i n g  co n ce rn in g  t h e i r  p re fe re n c e s  w ere 
u s u a l ly  r e f l e c t e d  in  th e  shape o f  t h e i r  u t i l i t y  c u rv e s .

The r e s u l t s  s t a t e d  by th e  f i r s t  c o n c lu s io n  w ere e x p ec ted . T h is  

was because  a c tu a l  d r i l l i n g  p ro p o sa ls  w ere b e in g  p re s e n te d  in  a  manner 

f a m i l i a r  to  th e  p a r t i c ip a n t s .  The second c o n c lu s io n  im p lie s  th a t  th e  

d e c is io n  t e s t  developed  in  t h i s  r e s e a rc h  i s  c a p a b le  o f  r e f l e c t i n g  s t a t e d  

b ia s e s  o r  p re fe re n c e s  o f  th e  d e c is io n  m aker.

W hile t h i s  d e c is io n  t e s t  p ro ced u re  was developed  s p e c i f i c a l l y  f o r  

th e  purpose o f  c o n s tru c t in g  a  u t i l i t y  c u rv e , i t  may have o th e r  u se s  as  

w e l l .  I t s  u se  as  a t r a i n in g  a id  in  d r i l l i n g  d e c is io n  making ap p ea rs  

f e a s ib l e .  F or exam ple, one company th a t  p a r t i c ip a t e d  re q u e s te d  t h a t  th e  

t e s t  be g iv en  to  t h e i r  e n g in e e r in g  p e rso n n e l t h a t  p re p a re  th e  recommenda­

t i o n s .  From th e  r e s u l t s  o f  t h e i r  p a r t i c i p a t i o n ,  an in t e r e s t i n g  com parison
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was e v id e n t betw een th e  p re fe re n c e s  o f  th e  p r o f e s s io n a l  s t a f f  making 

d r i l l i n g  recom m endations and th e  d e c is io n  maker who d e c id e s  on th e  

recom nendation . The u t i l i t y  cu rv es  o f  th e  e n g in e e rs  w ere g e n e ra l ly  

in d ic a t iv e  o f  a  c o n s e rv a t iv e  re g a rd  f o r  th e  ta k in g  o f  r i s k .  The u t i l i t y  

cu rv es  o f  th e  a c tu a l  d e c is io n  makers ( in  th e  same c o rp o ra te  le v e l )  on 

th e  o th e r  hand , in d ic a te d  a  much g r e a t e r  w i l l in g n e s s  f o r  ta k in g  r i s k ,  

p a r t i c u l a r l y  a t  h ig h e r  p r o f i t  l e v e l s .  T h is  o f  c o u rse  i l l u s t r a t e s  th e  

change in  th in k in g  w hich i s  re q u ire d  o f  members o f  a  p ro fe s s io n a l  s t a f f  

when changing  o v er to  management c a p a c i t i e s .  Thus, a t e s t i n g  p ro ced u re  

such a s  developed  in  t h i s  r e s e a rc h  ap p ea rs  to  have u se  as  a  d ia g n o s t ic ,  

o r  t r a i n in g  a id  as  w e ll .

A nother im p lic a tio n  o f  t h i s  r e s e a rc h  i s  th e  q u e s tio n  o f  th e  e f f e c t  

o f  tim e on th e  shape o f  th e  u t i l i t y  c u rv e . Some p a r t i c ip a n t s  s t a t e d  th ey  

f e l t  t h a t  th e y  m ight g iv e  d i f f e r e n t  re sp o n se s  i f  th e y  took  th e  t e s t  a g a in  

a t  a  d i f f e r e n t  tim e . O th e rs  in d ic a te d  t h a t  a t  d i f f e r e n t  tim es d u r in g  a 

y e a r  t h e i r  u t i l i t y  cu rv e  m ight v a ry  depending  on th e  q u a n t i ty  o f  d r i l l i n g  

funds a v a i la b le .  T h is  re s e a rc h  program  d id  n o t t r y  to  t e s t  a g iv e n  group 

o f  d e c is io n  m akers tw ic e , f o r  two re a s o n s . F i r s t ,  i t  was f e l t  t h a t  an 

e n t i r e l y  d i f f e r e n t  s e t  o f  p ro p o sa ls  would be r e q u ir e d ,  w hich would double  

th e  a lre a d y  la rg e  amount o f  tim e re q u ire d  to  p re p a re  th e  d r i l l i n g  p ro ­

p o s a ls .  A second unknown f a c t o r  was w h eth er o r  n o t th e  p a r t i c ip a n t s  

would be w i l l in g  to  d ev o te  a n o th e r  two hou rs  from  t h e i r  u s u a l ly  crowded 

sc h e d u le s .

The second comment re g a rd in g  th e  change in  shape o f  th e  u t i l i t y  

cu rv e  as th e  com pany's a s s e t  p o s i t io n  f l u c t u a t e s  d u r in g  a budget p e r io d  

i s  perhaps w e ll  ta k e n . Both comments, in  f a c t ,  su g g e s t th a t  t e s t i n g  be
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on a p e r io d ic  b a s i s .  U n ti l  e x p e rie n c e  i s  ga in ed  in  t h i s  re g a rd  th e  

q u e s t io n  o f  th e  dependence o f  tim e on th e  u t i l i t y  cu rve  w i l l  have to  

rem ain  unansw ered. I f  c o rp o ra te  p o l i c ie s  do , in  f a c t ,  change c o n s id e ra b ly  

w ith  re s p e c t  to  changes in  amounts o f  budgeted  d r i l l i n g  c a p i t a l  a v a i la b le  

th e  chance f o r  in c o n s i s te n t  d e c is io n  in c re a s e s .  I f  t h i s  i s  th e  c a s e ,  a 

r e v is io n  o f  fund in g  p r a c t ic e s  may be p r e f e r a b le  to  a  r e v is io n  o f  d e c is io n  

p o l i c i e s .

At one tim e d u rin g  a  p r e s e n ta t io n  o f  th e  d e c is io n  t e s t  a  p a r t i c i ­

p a n t s t a t e d  th a t  he d id  n o t th in k  th e  t e s t  was com ple te . He commented:

" I  can  s t a t e  my in d i f f e r e n c e  p o in t  f o r  t h i s  exam ple, b u t i f  I  
w ere g iv en  o th e r  in fo rm a tio n  such  as  ' t h e  le a s e  i s  e x p ir in g  
in  a  m o n th ', o r  'we have a s tro n g  developm ent demand' -  th e n  
I  m ight have a  d i f f e r e n t  p o in t o f  in d i f f e r e n c e  betw een d r i l l i n g  
o r  n o t d r i l l i n g .  W ithout in fo rm a tio n  such as  t h i s  th e  t e s t  
does n o t seem r e a l i s t i c . "

The im p lic a t io n  o f  h i s  comment i s  t h i s  - How com prehensive o r  

com ple te  sh o u ld  th e  u l t im a te  d e c is io n  c r i t e r i o n  be? I f  one had th e  tim e 

and p a tie n c e  i t  m ight be p o s s ib le  to  d e v is e  a m easure o f  v a lu e  w hich would 

acco u n t f o r  every  p o s s ib le  co n tin g en cy  th a t  m ight a r i s e  in  a  d r i l l i n g  

d e c is io n .  In  th e  w r i t e r 's  o p in io n  such  a  c r i t e r i o n ,  even i f  p o s s ib le ,  

w ould be so co m p lica ted  and cumbersome to  u se  th a t  i t  would be o f  

d o u b tfu l  p r a c t i c a l  v a lu e . As s t a t e d  a t  th e  o u ts e t  o f  t h i s  s tu d y , i t  i s  

d e s i r a b le  to  accoun t f o r  b ia s e s  caused  by r i s k  p re fe re n c e s ,  a s s e t  p o s i t io n ,  

and c o rp o ra te  g o a ls  because  th e se  f a c to r s  a re  p re s e n t in  every  d e c is io n .

On th e  o th e r  hand , th e  c o n tin g e n c ie s  such  as  developm ent demands, e t c .  

o c c u r  o n ly  o c c a s io n a l ly .  The on ly  lo g i c a l  way to  re p ly  to  h is  comment 

seems to  be th a t  ex p ec ted  u t i l i t y  shou ld  be th e  d e c is io n  c r i t e r i o n ,  

s u b je c t  to  any c o n tin g e n c ie s  w hich a re  p e r t in e n t  in  s p e c ia l  in s ta n c e s .

A fo rm al d e c is io n  c r i t e r i o n  can m inim ize th e  amount o f  Judgment re q u ire d
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b u t does n o t ,  and can  n o t ,  e l im in a te  th e  need f o r  s a id  Judgment f o r  

s p e c i f i c  d e c is io n s .

As w ith  m ost r e s e a rc h ,  t h i s  work r a i s e s  many new q u e s tio n s  and 

f a i l s  to  answ er some o f  th e  o ld  on es . I t  d o es , though , c l e a r ly  show f o r  

th e  f i r s t  tim e th e  d eg ree  to  w hich c e r t a in  b ia s e s  e n t e r  in to  d r i l l i n g  

investm en t d e c is io n s .  U t i l i t y  th e o ry  i s  a  co n v en ien t way to  t r e a t  th e s e  

b ia s e s  in  a s y s te m a tic  m anner, and appea rs  to  be w orthy o f  in c o rp o ra tio n  

in to  an o r g a n iz a t io n 's  d e c is io n  making p ro c e ss .

An A lte rn a t iv e  Method to  D eterm ine U t i l i t y  Curves 

W hile t h i s  p a r t i c u l a r  t e s t i n g  p rocedu re  ap p ea rs  to  be more 

r e a l i s t i c  and r e p r e s e n ta t iv e  th a n  th o se  developed  p re v io u s ly ,  i t  i s  

p e rh ap s n o t th e  u l t im a te  way o f  d e te rm in in g  a d e c is io n  m a k e r 's  u t i l i t y  

cu rv e . F o r no m a tte r  how r e a l i s t i c  th e  t e s t  d e c is io n s  a r e ,  th ey  a re  

s t i l l  on ly  p a r t  o f  a t e s t ,  w ith  a b s o lu te ly  no money b e in g  ga in ed  o r  l o s t  

by th e  d e c is io n s  t h a t  a re  made. A b e t t e r  method m ight be to  c o n s tru c t  

th e  cu rve  from  " re a l-w o r ld "  d e c is io n s  th a t  a re  made o v e r a  p e r io d  o f  tim e . 

The obvious problem  i s  th a t  a c tu a l  d e c is io n s  a re  made in  term s o f  d r i l l  

o r  farm  o u t ,  r a th e r  th a n  d e f i n i t i o n  o f  th e  in d i f f e r e n c e  p o in t between 

each  a l t e r n a t i v e .  B r ie f ly  o u t l in e d  below i s  an a l t e r n a t i v e  approach  

w hich m ight p erm it c o n s tru c t io n  o f  th e  u t i l i t y  cu rv e  from  th e  a c tu a l  

d e c is io n s  made o v e r a  p e r io d  o f  tim e . T h is  i s  a t e n t a t i v e  p ro p o sa l 

unconfirm ed by th e  fo rm al t e s t i n g  perform ed in  t h i s  re s e a rc h .

Suppose a  d r i l l i n g  p ro p o sa l hav ing  th e  fo llo w in g  p a y o ffs  w ere 

a c c e p te d .

R isk F a c to r :  0 .60
Loss i f  a  d ry  h o le : $50,000
Net P r o f i t  i f  a  p ro d u cer: $150,000
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F u r th e r  suppose we a r b i t r a r i l y  a s s ig n  a  u t i l i t y  o f  -10  to  th e  $50,000 

lo s s  and a u t i l i t y  o f  0 to  th e  a l t e r n a t i v e  o f  no a c t io n  (z e ro  n e t  p r o f i t ) .  

S in ce  th e  d e c is io n  maker a c c e p te d  th e  p ro s p e c t ,  and assum ing th a t  he 

a c te d  in  acco rdance  w ith  th e  u t i l i t y  th e o ry  axiom s, th e n  we a re  a b le  

to  conclude  th a t  h i s  u t i l i t y  f o r  th e  gamble exceeded  h i s  u t i l i t y  f o r  

ta k in g  no a c t io n .  T hat i s :

0 .4  X  U (-$50 ,000) +  0 .6  x U ( + $150,000) >  U($0)

o r

0 .4  X (-1 0 ) 4 - 0 .6  X U (i$150 ,000) >  0.

T h is  im p lie s  t h a t  h i s  u t i l i t y  f o r  a n e t  p r o f i t  o f  $150,000 must be g r e a t e r  

th a n  6 .6 7 .

Now suppose t h a t  two days l a t e r  he r e j e c t s  a  d r i l l i n g  p ro p o sa l

w ith  th e  fo llo w in g  p a y o ffs :

Loss i f  a d ry  h o le : $50,000
Net p r o f i t  i f  a p ro d u cer: $200,000
R isk F a c to r :  0 .40

S in ce  t h i s  was r e je c te d  h is  u t i l i t y  f o r  th e  gamble m ust be le s s  th a n  th a t  

o f  no a c t io n .  T hat i s :

0 .6  X U (-$50 ,000) t  0 .4  x U (f$200 ,000) <  U($0)

o r

0 .6  X (-1 0 )  +  0 .4  X U (+$200,000) C 0.

T h is  im p lie s  th a t  h i s  u t i l i t y  f o r  a n e t  p r o f i t  o f  $200,000 i s  l e s s  th a n  

1 5 .0 .

We now know t h a t  h i s  u t i l i t y  cu rv e  i s  above 6 .67  f o r  a  p r o f i t  o f 

$150,000 b u t below 1 5 .0  f o r  a  p r o f i t  o f  $200,000. As s u c c e s s iv e  d e c is io n s  

a re  made a d d i t io n a l  c o n s t r a in t s  on th e  lo c a t io n  o f  th e  cu rv e  a t  v a r io u s  

p r o f i t s  a re  o b ta in e d . To g r a p h ic a l ly  d e s c r ib e  th e  p ro ced u re  suppose
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t h a t  c i r c l e s  a re  u sed  to  p lo t  th e  p o in ts  such as 6 .67  (w ith  th e  meaning 

t h a t  th e  cu rv e  l i e s  above t h i s  p o in t)  and s q u a re s  a re  u sed  to  p lo t  p o in ts  

com puted from r e j e c t i o n s  (w ith  th e  meaning th a t  th e  cu rv e  l i e s  below t h i s  

p o in t ) .  A f te r  a s u f f i c i e n t  number o f  d e c is io n s  had been  an a ly zed  in  t h i s  

m anner, th e  u t i l i t y  cu rv e  co u ld  be c o n s tru c te d  as  t h a t  l i n e  w hich s e p a ra te s  

th e  c i r c l e s  from th e  sq u a re s  ( s u b je c t  o f  co u rse  to  th e  c o n s t r a in t  th a t  th e  

l i n e  be m o n o to n ica lly  in c re a s in g  w ith  in c re a s in g  p r o f i t ) .  T h is  te ch n iq u e  

i s  i l l u s t r a t e d  in  th e  u p p er p o r t io n  o f  F ig u re  8.

C onceivab ly  some o f  th e  p o in ts  would be redu n d an t o r  in c o n s i s t e n t ,  

a s  i l l u s t r a t e d  in  th e  low er p o r t io n  o f  F ig u re  S. F o r  exam ple, suppose 

from  one d e c is io n  we co nclude  th a t  h i s  u t i l i t y  f o r  a  $100,000 n e t  p r o f i t  

i s  le s s  th a n  30 , and from  a n o th e r  d e c is io n  th a t  h i s  u t i l i t y  f o r  a $100,000 

n e t  p r o f i t  i s  l e s s  th a n  15. T h is  m ight o ccu r i f  d e c is io n s  o f  d i f f e r e n t  

in v estm en t le v e ls  and p r o b a b i l i t i e s , ,  b u t e q u a l p a y o ffs  w ere com pared; 

and does n o t im ply an  in c o n s i s te n t  d e c is io n .  The l a t t e r  p o in t  would 

th e n  c o n t ro l  and th e  fo rm er would be red u n d an t. The in c o n s i s te n t  

d e c is io n s  would have to  be n e g le c te d  a n d /o r  re -exam ined  to  d e term ine  

th e  in f lu e n c e  o f  e x tra n e o u s  f a c to r s  such as  le a s e  e x p i r a t io n ,  ro y a lty  

owner demands, e t c .  on th e  d e c is io n .

T his p a r t i c u l a r  scheme would o n ly  be s a t i s f a c t o r y  i f  every  lo s s  

f o r  a  d ry  h o le  w ere e q u a l ,  such a s  $50 ,000 . T h is  i s  because  th e  u t i l i t y  

f o r  th e  lo s s  m ust i n i t i a l l y  be assumed. O bviously  t h i s  c o n d i t io n  would 

n o t be t o t a l l y  a p p l ic a b le  f o r  com panies w hich a re  s im u lta n e o u s ly  d r i l l i n g  

in  a re a s  o f  w id e ly  d iv e rg e n t  w e ll  c o s ts .  I t  m ight be q u i t e  p o s s ib le ,  

how ever, th a t  a  la rg e  p o r t io n  o f  th e  w e lls  a re  b e in g  d r i l l e d  in  an a re a  

w here th e  d ry  h o le  c o s ts  v a ry  o n ly  s l i g h t l y .  I f  t h i s  w ere th e  c a s e , a



69

U t i l i t y

P r o f i tLoss

a . )  Case w here d e c is io n  maker was co m p le te ly  t r a n s i t i v e

Redundant P o in t
U t i l i t y

I n c o n s is te n t
P o in t

P r o f i tLoss

b . )  Case w here d e c is io n  m aker has made s e v e ra l  in c o n s i s te n t  d e c is io n s

FIGURE 8 - An a l t e r n a t i v e  method to  c o n s tru c t  u t i l i t y  cu rves
( Â  P o in ts  a r b i t r a r i l y  s e le c te d )
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n e g a t iv e  u t i l i t y  co u ld  be a s s ig n e d  to  t h i s  lo s s  and d e c is io n s  from  th e se  

p a r t i c u l a r  a re a s  co u ld  be u sed  to  e s t im a te  th e  shape o f  th e  c u rv e . V alues 

from  t h i s  cu rv e  co u ld  th e n  be u sed  to  ex ten d  th e  ran g e  o f  th e  c u rv e , In  

th e  manner s t a t e d  In  C h ap te r I I I .

An a l t e r n a t i v e  would be to  c o n s tru c t  a  u t i l i t y  cu rv e  I n i t i a l l y  

from  a  t e s t  p ro ced u re . Then th e  shape o f  th e  cu rv e  w ould be m o d ified  In 

th e  manner d e s c r ib e d  u s in g  a c tu a l  d e c is io n s  (p resum ing  th e  d e c is io n  

maker I s  n o t u s in g  ex p ec ted  u t i l i t y  as a  fo rm al c r i t e r i o n ) .

A te c h n iq u e  such as  d e s c r ib e d  In  t h i s  s e c t io n  w ould have th e  

advan tage  o f  u s in g  a c tu a l  d e c is io n s  f o r  th e  c o n s t r u c t io n  o f  th e  u t i l i t y  

c u rv es  r a th e r  th a n  a t e s t i n g  p roced u re  o f  some s o r t .  I f  th e  p a ram ete r 

f o r  th e  u t i l i t y  cu rv e  I s  d isc o u n te d  n e t  p r o f i t s  o b v io u s ly  th e s e  p r o f i t s  

would have to  be p re s e n te d  to  th e  d e c is io n  m aker, r a t h e r  th a n  u n d isco u n ted  

n e t  p r o f i t .  I t s  u se  would a ls o  r e q u ir e  th e  s ta te m e n t o f  r i s k  to  be a  s in g le  

p r o b a b i l i ty  e s t im a te  such a s  was g iv e n  In  th e  exam ple d e c is io n s  o f  t h i s  

s e c t io n .
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APPENDIX

T his s e c t io n  p re s e n ts  th e  ta b u la te d  re sp o n ses  o f  each  d e c is io n  

maker th a t  p a r t i c ip a te d  in  th e  t e s t  p ro ced u re , to g e th e r  w ith  th e  u t i l i t y  

cu rv es  c o n s tru c te d  from  th e se  re sp o n se s . The ex p e rim e n ta l d a ta  a re  

a rran g ed  in  fo u r  g ro u p s, such as Group A, Group B, e t c .  Each group 

re p re s e n ts  one company. The in d iv id u a l  p a r t i c ip a n t s  a re  d e s ig n a te d  

by numbers w ith  th e  group l e t t e r  p r e f ix .  The com p o site , o r  average  

u t i l i t y  cu rve  (d e sc r ib e d  in  C h ap te r 111) i s  a ls o  g iven  f o r  each group.

At th e  b eg in n in g  o f  each  g ro u p 's  re sp o n ses  and in d iv id u a l  u t i l i t y  

cu rv es  i s  a b r i e f  d e s c r ip t io n  o f  th e  p a r t i c u l a r  c o rp o ra te  le v e l  o f  th e  

company. As a g e n e ra l r u le  most o i l  com panies a re  s t r u c tu r e d  as fo llo w s : 

G enera l o f  Head o f f i c e .  D iv is io n  o f  R egional o f f i c e s ,  and D i s t r i c t  o r  

A rea o f f i c e s .  Norm ally d r i l l i n g  d e c is io n s  a re  n o t made a t  le v e ls  below 

th e  D i s t r i c t  o r  A rea. To d e s c r ib e  th e  p a r t i c u l a r  le v e ls  o f  each  group 

in v o lv ed  in  th e  d e c is io n  t e s t ,  th e  fo llo w in g  co n v en tio n  w i l l  be u sed :

C o rp o ra te
D es ig n a tio n

F i r s t  L evel D e c is io n  m akers in  th e  G eneral
o r  Hea^ o f f i c e

Second L evel D ec is io n  m akers in  D iv is io n  o r
R egional o f f ic e s

T h ird  Level D ec is io n  makers in  D i s t r i c t  o r
A rea o p e ra t in g  o f f i c e s .

T h is  co n v en tio n  i s  adop ted  to  p re c lu d e  any s p e c i f i c  re fe re n c e  to  th e  names

o f  th e  o p e ra t in g  o f f ic e s  o f  th e  v a r io u s  com panies. At th e  end o f  each

73
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g ro u p 's  re sp o n se s  and u t i l i t y  cu rv es  i s  a  l i s t  o f  v a r io u s  comments and 

o b s e rv a tio n s  t h a t  a t e  p e r t in e n t  to  th e  p a r t i c u l a r  group o r  in d iv id u a l  

d e c is io n  m akers o f  th e  group.

The method o f  com putation  o f  th e  u t i l i t y  c u rv e s  was o u t l in e d  

in  C hap ter I I I  and w i l l  n o t be re p e a te d  h e re .  A ll  th e  u t i l i t y  cu rves 

a re  p lo t te d  on th e  same s c a le  to  f a c i l i t a t e  com parisons o f  th e  d e c is io n  

p re fe re n c e s  o f  th e  re sp o n d e n ts . In  a  few in s ta n c e s  th e re  a re  d a ta  p o in ts  

w hich exceed th e  ran g e  o f  th e  s c a le s  chosen , and th e s e  a re  marked a c ­

c o rd in g ly . In  m ost c a se s  th e s e  p o in ts  r e p re s e n te d  in c o n s i s te n t  d e c is io n s  

and w ere n o t u sed  f o r  th e  p l o t t i n g  o f  th e  u t i l i t y  c u rv e s .
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GROUP A

The fo u r  p a r t i c ip a n t s  from  t h i s  company w ere f i r s t  le v e l  manage­

ment d e c is io n  m akers. The company i s  one o f  th e  l a r g e s t  m ajo r o i l  

com panies, and o p e ra te s  a  s u b s t a n t i a l  amount o f  p ro d u c tio n  in  th e  

Oklahoma and K ansas a re a s  co v ered  by th e  d e c is io n  t e s t .  The p a r t i c i ­

p an ts  w ere members o f  a l a r g e r  d e c is io n  group o f  th e  c o rp o ra te  l e v e l .

The o th e rs  in  th e  group ( in c lu d in g  th e  P re s id e n t and E x ecu tiv e  V ice- 

P re s id e n t )  d id  n o t p a r t i c i p a t e  due to  p rev io u s  b u s in e s s  commitments 

on th e  t e s t i n g  d a te .

T ab le  A c o n ta in s  th e  re sp o n se s  th a t  w ere g iv e n  by th e  fo u r  

p a r t i c ip a n t s  in  th e  o rd e r  in  w hich th e  d e c is io n s  w ere p re se n te d .



TABLE A
DECISION RESPONSES OF GROUP A

P ro ­
p o s a l

No.

In v estm en t
R isk

F a c to r

I n d if f e r e n c e  P o in ts , D isc . Net P r o f i t

P ro d u cer Dry Hole A"1 A-2 A-3 A-4 Com posite

3 $ 50 ,000 $ 30 ,000 0 .7 0 $ 70,000 $ 8 ,0 0 0 $ 65 ,000 $ 74 ,000 $ 54 ,000

4 70,000 50,000 0 .6 0 85 ,000 105,000 105,000 135,000 107,000

5 55 ,000 30 ,000 0 .55 104,000 4 3 ,000 75,000 92 ,000 79,000

8 80 ,000 50 ,000 0 .6 0 216,000 64,000 115,000 115,000 128,000

1 70,000 50 ,000 0 .25 300,000 185,000 245,000 175,000 226,000

6 80 ,000 50,000 0 .4 0 250,000 198,000 155,000 95 ,000 175,000

10 150,000 90,000 0 .7 0 350,000 320,000 500,000 130,000 325,000

7 185,000 150,000 0 .4 0 155,000 226,000 410 ,000 300,000 273,000

2 4 0 ,0 0 0 30,000 0 .6 0 80,000 60,000 60,000 76,000 69,000

9 200,000 150,000 0 .6 0 285,000 215,000 300 ,000 165,000 241,000

" J
O '

(R isk  f a c t o r  i s  th e  r e l i a b i l i t y  o f  i n t e r p r e t a t i o n )
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COWMKKTS -  GROUP A

1) «5ndent A-1 s t a t e d  d u r in g  th e  t e s t i n g  th a t  he d id  n o t c a re  f o r

th e  Oswego lim e s to n e  p ro d u c tio n  o f  P ro p o sa l Number 8 . H is i n d i f ­

f e re n c e  p o in t  ($216 ,000) was h ig h  w ith  re s p e c t  to  h is  d e c is io n  f o r  

P ro p o sa l 4 h av in g  th e  same r i s k  and d ry  h o le  lo s s e s .  H is resp o n se  

f o r  P ro p o sa l 7 in d ic a te d  a s tro n g  p re fe re n c e  f o r  t h i s  ty p e  o f  p ro ­

d u c tio n . H is a s s o c ia te d  u t i l i t y  f o r  th e  $155,000 minimum i s  much 

h ig h e r  th a n  h i s  u t i l i t y  f o r  t h i s  amount o f  p r o f i t  d e te rm in ed  from 

h i s  o th e r  re sp o n se s .

2) The p o in t  w hich f a l l s  below  th e  u t i l i t y  cu rv es  o f  A-1, A-2, A-3,

and th e  com posite  in  th e  h ig h  p r o f i t  ran g e  was th e  re sp o n se  g iven

f o r  P ro p o sa l 10. T h is  p ro p o sa l had a  3 y e a r  s h u t - in  d e la y . T h e ir  

re sp o n ses  su g g e s t a  p re fe re n c e  f o r  p r o je c ts  w hich w i l l  n o t d e fe r  

f u tu r e  income to  such  an e x te n t .  On th e  o th e r  hand , A-4 appeared  

to  n o t have q u i t e  as  s t ro n g  a  f e e l in g  re g a rd in g  th e  s h u t - in  d e la y .

I t  was c l e a r ly  s t a t e d  in  th e  p r e s e n ta t io n  th a t  th e  d isc o u n te d  n e t  

p r o f i t  cu rv e  d id  r e f l e c t  th e  d e fe r re d  income.

3) Respondent A-2 had a  s t r o n g e r  p re fe re n c e  f o r  p ro s p e c ts  in  th e  low 

p r o f i t  ran g es  th a n  d id  th e  o th e r s .  B efo re  th e  t e s t i n g  he asked  how 

th e  shape o f  a u t i l i t y  cu rv e  would r e f l e c t  a  c o rp o ra te  p o lic y  o f  a 

mix o f  h ig h  r e tu r n ,  ex p en s iv e  in v e s tm e n ts , and l e s s  ex p en siv e  "b read  

and b u t t e r "  ty p e  w e l l s .  D uring th e  t e s t i n g  when one o f  th e  le s s  

e x p e n s iv e , f a s t  payout p ro p o sa ls  was g iv en  he s t a t e d ,  "These a re  

th e  k in d  o f  p ro s p e c ts  I  l i k e " .  H is u t i l i t y  cu rv e  r e f l e c t s  t h i s  

s t a t e d  p re fe re n c e .
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GROUP B

The n in e  p a r t i c ip a n t s  in  t h i s  group w ere from  a medium s iz e  

in te g r a te d  o i l  company. Seven o f  th e  p a r t i c ip a n t s  w ere t h i r d  le v e l  

management p e rso n n e l and two w ere second le v e l  d e c is io n  m akers. The 

t e s t  was g iv en  in  th e  o f f ic e s  o f  th e  low er c o rp o ra te  le v e l .  The two 

o th e r  re sp o n d en ts  w ere v i s i t i n g  in  th e  o f f i c e .  The seven  resp o n d en ts  

re p re s e n te d  a l l  su p e rv iso ry  p o s i t io n s  and s t a f f  heads in  th e  o rg a n iz a tio n  

o f  th a t  p a r t i c u l a r  o f f i c e .  The company o p e ra te s  p ro d u c tio n  in  bo th  

Oklahoma and K ansas, how ever, th ey  c u r r e n t ly  do v e ry  l i t t l e  developm ent 

o r  e x p lo ra to ry  d r i l l i n g  in  K ansas.

T ab le B c o n ta in s  th e  re sp o n ses  o f  th e  n in e  p a r t i c ip a n t s  in  th e  

o rd e r  in  which th e  d e c is io n  p ro p o s a ls  w ere p re s e n te d . T e s tin g  p roceeded 

somewhat s lo w er th a n  had been a n t ic ip a te d ,  and b ecause  o f  tim e l im i ta t io n s  

o n ly  seven  d r i l l i n g  p ro p o sa ls  w ere p re s e n te d .



TABLE B 

DECISION RESPONSES OF GROUP B

P ro ­
p o s a i

No.

In v estm en t
R isk

F a c to r

I n d i f f e r e n c e  P o in ts ,  D isc . Net P r o f i t

P ro d u cer Dry Hole B-1 B-2 B-3 B-4 B-5

3 $ 50 ,000 $ 30 ,000 0 .7 0 $ 50 ,000 $ 58 ,000 $ 98 ,000 $176,000 $ 66,000

4 70,000 50,000 0 .6 0 100,000 170,000 135,000 210,000 170,000

5 55 ,000 30 ,000 0 .55 80,000 72 ,000 72,000 145,000 72,000

8 80,000 50,000 0 .6 0 120,000 4 4 ,0 0 0 56,000 152,000 120,000

10 150,000 90,000 0 .7 0 200,000 180,000 650,000 500,000 135,000

6 80,000 50,000 0 .4 0 175,000 250,000 275,000 300,000 250,000

1 70,000 50 ,000 0 .25 300,000 675,000 2 ,4 0 0 ,0 0 0 2,400,000 1 ,6 0 0 ,0 0 0

00

T ab le  c o n tin u e d  on fo llo w in g  page



TABLE B - Continued

P ro ­
p o s a l

No.

In v es tm en t
R isk

F a c to r

I n d i f f e r e n c e  P o in ts ,  D isc . Net P r o f i t

P ro d u ce r Dry H ole B-6 B-7 B-8 B-9 Com posite

3 $ 50 ,000 $ 30 ,000 0 .7 0 $ 74,000 $ 100,000 $ 8 2 ,OOC $ 188,000 $ 99 ,000

4 70,000 50 ,000 0 .6 0 1 7 0 ,OOC 300,000 6 0 0 ,OOC 420,000 253,000

5 55 ,000 30 ,000 0 .55 85,00( 125,000 4 7 3 ,OOC 65,000 132,000

8 80 ,000 5 0 ,000 0 .6 0 8 6 ,OOC 90,000 240, OOC 86,000 110,000

10 150,000 90 ,000 0 .7 0 2 3 5 ,OOC 300,000 3 2 0 ,OOC 900,000 380,000

6 80 ,000 50 ,000 0 .4 0 2 0 0 ,OOC 375,000 2 0 0 ,OOC 600,000 292,000

1 70,000 50 ,000 0 .25 7 0 0 ,OOC 2 ,4 0 0 ,0 0 0 2 9 8 ,OOC 2 ,0 0 0 ,0 0 0 1 ,4 1 9 ,0 0 0

00Ln
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COMMENTS - GPDÜP B

1) Âs a g e n e ra l s ta te m e n t t h i s  group o f  d e c is io n  m akers ap p ea r to  be 

c o n s e rv a t iv e  in  n a tu r e ,  a s  ev id en ced  by th e  g e n e ra l ly  f l a t  shape o f  

t h e i r  u t i l i t y  c u rv e s . The e x c e p tio n  was B-1 whose u t i l i t y  cu rv e  was 

much s te e p e r .  T h is  su g g e s ts  th a t  he would d r i l l  any o f  th e  p ro s p e c ts  

f o r  a  low er u l t im a te  p r o f i t a b i l i t y .

2) Some o f  th e  re sp o n d e n ts  ap peared  to  have some t r o u b le  w ith  th e  

p a r t i c u l a r  t e s t i n g  p ro c e d u re . T h is  i s  d is p la y e d  in  th e  s c a t t e r in g

o f d a ta  p o in ts  o f  th e  u t i l i t y  cu rv e  o f  B-8. He asked  s e v e ra l  q u e s tio n s  

w hich su g g e s te d  a s l i g h t  c o n fu s io n  abou t th e  fo rm a t. Respondent B-9, 

a f t e r  b e in g  p re s e n te d  two d r i l l i n g  p ro p o s a ls ,  s t a t e d  he j u s t  d id  n o t 

u n d e rs ta n d  th e  d e f i n i t i o n  o f  th e  in d i f f e r e n c e  p o in t .  The id e a  was 

e x p la in e d  f o r  s e v e r a l  m inu tes by th e  w r i t e r ,  as w e ll  a s  some o f  th e  

o th e r  p a r t i c i p a n t s ,  b u t he d id  n o t in d ic a te  th a t  th e  p o in t  was com­

p le t e ly  c l a r i f i e d  in  h i s  mind.

3 ) T h e ir  re sp o n se s  to  P ro p o sa l No. 1 sh o u ld  be n o te d . (T h is  i s  a  $70,000 

e x p lo ra to ry  w e ll  in  so u th w e s te rn  K an sa s .)  W hile i t  was b e in g  p re s e n te d , 

one o f  th e  two p a r t i c i p a n t s  from  th e  second le v e l  o f  management s t a t e d  

t h e i r  company p o lic y  a t  th e  tim e d id  n o t fa v o r  e x p lo ra to ry  d r i l l i n g

in  K ansas. The p a r t i c ip a n t s  w ere th e n  asked  to  c o n s id e r  th e  p ro sp e c t 

as  i f  t h i s  p o lic y  w ere n o t in  e x is te n c e .  A f te r  th e  p ro s p e c t was 

p re s e n te d  th e re  w ere numerous q u e s tio n s  about i t  w hich su g g es ted  

th e y  w ere hav in g  t r o u b le  e v a lu a t in g  th e  p ro p o sa l o r  e l s e  had a s tro n g  

d i s l i k e  f o r  th e  p ro p o s a l .  One o f  th e  p a r t i c ip a n t s  from  th e  u pper 

c o rp o ra te  le v e l  asked  i f  he w ere p e rm itte d  to  p u t down a  v a lu e  as 

h ig h  as 3 ,0 0 0 ,0 0 0  b a r r e l s  (a  d isc o u n te d  n e t  p r o f i t  o f  $ 2 ,4 0 0 ,0 0 0 ) .
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He was ad v ised  th a t  he co u ld  i f  he so d e s i r e d .  A p p aren tly  h is  

q u e s tio n  in f lu e n c e d  th e  o th e r s  in  t h e i r  re s p o n s e s , as  two o th e r s  pu t 

down th e  e x a c t am ount, and a l l  b u t two s t a t e d  a t  l e a s t  one m i l l io n  

b a r r e l s  o r  more. As a  m a tte r  o f  i n t e r e s t  th e  n e t  p r o f i t  cu rv es  on 

th e  p ro p o sa l s h e e t w ere p lo t te d  o n ly  up to  360,000 b a r r e l s  o f  t o t a l  

u l t im a te  f i e l d  r e s e rv e s .  As a  r e s u l t  o f  th e  h ig h  minimum s e t  f o r  

t h i s  p ro p o sa l n e a r ly  a l l  th e  cu rv es  have a  u t i l i t y  p o in t a t  f 30 

w hich f a r  exceeds th e  n e t  p r o f i t  s c a le .  T h e ir  re sp o n ses  to  t h i s  

p ro p o sa l su g g e s t one o r  more o f  th e  fo llo w in g :

a ) The c o rp o ra te  p o lic y  o f  n o t  d r i l l i n g  in  Kansas a t  th e  tim e 
b ia s e d  t h e i r  re sp o n se s .

b ) Some o f  th e  p a r t i c ip a n t s  w ere in f lu e n c e d  by th e  s t a t e d  
p re fe re n c e  o f  one d e c is io n  maker o f  o n ly  c o n s id e r in g  th e  
d r i l l i n g  f o r  a  v e ry  la rg e  amount o f  r e s e rv e s .

c )  The company, as a  g e n e ra l  r u l e ,  does n o t p a r t i c u l a r l y  c a re  
to  in v e s t  c a p i t a l  in  e x p lo ra to ry  d r i l l i n g  v e n tu re s .

4 )  A g e n e ra l f e e l in g  among some o f  th e  p a r t i c ip a n t s  was s t a t e d  a f t e r  

th e  t e s t i n g  t h a t  in  t h e i r  minds v e ry  few o f th e  p ro s p e c ts  p re se n te d  

appeared  to  be d e s i r a b le  d r i l l i n g  lo c a t io n s .
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GROUP C

T his group o f  p a r t i c ip a n ts  w ere a l l  in  second le v e l  manageaaent 

p o s i t io n s  o f  a  la rg e  m ajor o i l  company. The n in e  p a r t i c ip a n t s  in c lu d ed  

a l l  th e  management p o s i t io n s  and s t a f f  departm en t heads o f  th e  p a r t i c u l a r  

o f f i c e .  T h is o f f i c e  o f  th e  company o p e ra te s  p ro d u c tio n  and an a c t iv e  

d r i l l i n g  program  in  b o th  Oklahoma and K ansas. A ll th e  re sp o n d en ts  seemed 

f a m i l i a r  w ith  th e  ty p e s  o f  p ro d u c tio n  and d r i l l i n g  problem s p re se n te d  in  

th e  t e s t  p ro p o s a ls .

T able C c o n ta in s  th e  re sp o n ses  t h a t  w ere g iv en  by th e  n in e  p a r ­

t i c i p a n t s  in  th e  o rd e r  in  w hich th e  d e c is io n s  w ere p re s e n te d .



TABLE C
DECISION RESPONSES OF GROUP C

P ro ­
p o s a l

No.

In v estm en t
R isk

F a c to r

I n d i f f e r e n c e  P o in ts ,  D isc . Net P r o f i t

P ro d u cer Dry Hole C-1 C-2 C-3 C-4 C-5

3 $ 50 ,000 $ 30 ,000 0 .7 0 $ 30 ,000 $ 20 ,000 $ 66 ,000 $ 20 ,000 $ 53 ,000

4 70,000 50 ,000 0 .6 0 135,000 135,000 105,000 105,000 120,000

10 150,000 90 ,000 0 .7 0 500,000 650,000 195,000 560,000 420 ,000

8 80 ,000 50 ,000 0 .6 0 4 8 ,0 0 0 4 0 ,0 0 0 56 ,000 72,000 56,000

6 80 ,000 50,000 0 .4 0 200,000 225,000 140,000 250,000 170,000

7 185,000 150,000 0 .4 0 330,000 230,000 230,000 440 ,000 230,000

1 70,000 50 ,000 0 .25 225 ,000 260,000 180,000 190,000 211,000

5 55 ,000 30 ,000 0.55 65,000 4 3 ,0 0 0 58 ,000 58 ,000 60,000

2 40 ,000 30,000 0 .6 0 60,000 30 ,000 43 ,000 4 6 ,000 38 ,000

9 200,000 150,000 0 .6 0 215,000 145,000 285,000 215,000 250,000

wVO

T ab le  c o n tin u e d  on fo llo w in g  page



TABLE C - Continued

P ro ­
p o s a l

No.

Investm en t
R isk

F a c to r

I n d i f f e r e n c e  P o in ts ,  D isc . Net P r o f i t s

P ro d u cer Dry Hole C-6 C-7 C-8 C-9 Com posite

3 $ 50 ,000 $ 30 ,000 0 .7 0 $ 30 ,000 $ 50 ,000 $ 20 ,000 $ 30 ,000 $ 35 ,000

4 70 ,000 50 ,000 0 .6 0 170,000 105,000 170,000 4 5 ,000 122,000

10 150,000 90 ,000 0 .7 0 600,000 235,000 320,000 235,000 413,000

8 8 0 ,000 5 0 ,000 0 .6 0 54,000 8 6 ,000 5 6 ,000 4 8 ,0 0 0 57,000

6 80 ,000 50 ,000 0 .4 0 200,000 375,000 250,000 140,000 217,000

7 185,000 150,000 0 .4 0 (1 ) 370 ,000 500,000 155,000 311,000

1 70,000 50 ,000 0 .25 175,000 (2) 350 ,000 325,000 239,000

5 55 ,000 3 0 ,000 0 .55 4 3 ,000 9 8 ,000 4 3 ,000 35 ,000 56,000

2 4 0 ,0 0 0 3 0 ,000 0 .5 0 100,000 (2 ) 30 ,000 114,000 58,000

9 200,000 150,000 0 .6 0 485 ,000 (2 ) 4 85 ,000 215,000 287,000

oo

(1 ) No re sp o n se  was g iv en
(2 ) R espondent s t a t e d  he was n o t i n t e r e s t e d  in  th e s e  p ro p o sa ls
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COMMENTS - GROUP C

1) From th e  comments and q u e s tio n s  asked d u r in g  and a f t e r  th e  t e s t i n g ,  

i t  was a p p a re n t t h a t  some o f  th e  members o f  th e  group had been 

exposed  to  u t i l i t y  th e o ry  b e fo re .  A ll th e  p a r t i c ip a n t s  ap peared  

to  g iv e  each  p ro p o sa l c o n s id e ra b le  th o u g h t b e fo re  in d ic a t in g  t h e i r  

d e c i s io n s .  T h is  ex ten d ed  th e  le n g th  o f  th e  t e s t i n g  to  ap p ro x im ate ly  

two and o n e -h a lf  h o u rs .

2 ) The u t i l i t y  cu rv e  shown f o r  p a r t i c ip a n t  C-2 i s  n o t c o n s id e re d  r e p r e ­

s e n t a t i v e .  H is re sp o n se  f o r  th e  fo u r  p ro p o sa ls  w ith  $50,000 dry  

h o le  c o s ts  and th e  th r e e  w ith  $30,000 d ry  h o le  c o s ts  w ere g e n e ra l ly  

c o n s i s t e n t .  The problem  in  c o n s tru c t in g  th e  cu rv e  o c c u rre d  when 

e x te n d in g  i t  to  h ig h e r  p r o f i t s  and lo s s e s  w ith  th e  rem ain in g  re sp o n se s . 

In  com paring P ro p o sa ls  6 and 7 b o th  have th e  same r i s k  b u t th e  l a t t e r  

i s  th r e e  tim es  a s  c o s t l y .  H is s t a t e d  in d i f f e r e n c e  p o in t was o n ly  

$5 ,000  h ig h e r  f o r  th e  l a t t e r  p o in t ,  how ever. Roughly th e  same com­

p a r is o n  i s  v a l id  f o r  P ro p o sa ls  4 and 9. H is re s p o n s e s , and hence

th e  cu rv e  su g g e s t t h a t  th e  lo s s  o f  $150,000 i s  n o t much more unde­

s i r a b l e  th a n  a  lo s s  o f  o n ly  $50 ,000 . A more p ro b a b le  e x p la n a tio n  

i s  t h a t  a d d i t io n a l  t e s t i n g  p o in ts  a re  needed to  r e a l i s t i c a l l y  c o n s tru c t  

h i s  cu rv e  in  th e  h ig h e r  p r o f i t  and lo s s  ran g e .

3 ) P ro p o sa ls  4 and 8 have th e  same r i s k  f a c t o r  and th e  same d ry  h o le  

c o s t s .  Y et a l l  b u t one o f  th e  n in e  p a r t i c ip a n t s  s t a t e d  a  h ig h e r  

in d i f f e r e n c e  p o in t  f o r  P ro p o sa l 4 . S e v e ra l w ere a s  much a s  th r e e  

tim es h ig h e r .  P ro p o sa l 4 i s  in  a  gas f i e l d  and No. 8 i s  an o i l  

p ro s p e c t.  I t  m ight be n o ted  t h a t ,  a s  a  g roup , th e  re sp o n se s  to  

Nos. 3 , 8 , 5 , and 2 w ere a l l  q u i te  low. A ll o f  th e s e  fo u r  p ro sp e c ts
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a re  o i l  w e l l s .  T h is  m ight su g g es t a management p re fe re n c e  f o r  o i l  

w e ll  in v e s tm e n ts . D uring th e  t e s t i n g  i t  was m entioned th a t  t h e i r

company ceased  most o f  t h e i r  d r i l l i n g  in  th e  Anadarko B asin  (an

a c t iv e  gas p la y  d u rin g  th e  l a s t  5 y e a rs )  about th r e e  y e a rs  ago.

T h is  f e e l in g  m ight have in f lu e n c e d  t h e i r  r e s p o n s e s .in  t h i s  t e s t  

w ith  re s p e c t  to  gas w e ll  p ro p o sa ls .

4 )  Respondent C-7 s t a t e d  th a t  he was n o t i n t e r e s te d  in  th r e e  o f  th e  

p ro s p e c ts .  S in ce  i t  was s t a t e d  a t  th e  o u ts e t  th a t  th ey  co u ld  s e t  

t h e i r  in d i f f e r e n c e  p o in ts  as h igh  as  th e y  c a re d  to ,  th e  p resum ption  

i s  th a t  th e  re sp o n d en t was n o t i n t e r e s te d  under any c irc u m sta n c e s . 

Only one o f  th e  th r e e  was an ex pensive  w e l l .

5 ) The u t i l i t y  cu rv es  o f  C-6 and C-9 a re  n e a r ly  id e n t i c a l  as  to  g e n e ra l

sh ap e . Both a re  g e o lo g is t s ,  and bo th  a p p a re n tly  view  th e  d r i l l i n g  

in v e s tm en ts  in  much th e  same way.
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GROUP ID

T his group o f  p a r t i c ip a n t s  was to  have in c lu d e d  th e  P re s id e n t 

and V ic e -P re s id e n t o f  P ro d u c tio n  o f  a  medium s iz e d  independen t o i l  

company. Emergency b u s in e s s  commitments p rev en ted  th e  fo rm er from 

p a r t i c ip a t in g .  T h e re fo re , t h i s  group o n ly  c o n s i s t s  o f  one p a r t i c ip a n t ,  

whose re sp o n ses  a re  g iv e n  in  T ab le  D below . The company o p e ra te s  p ro ­

d u c tio n  in  b o th  K ansas and Oklahoma. The p a r t i c ip a n t  was c o n v e rsan t in  

u t i l i t y  th e o ry ; how ever, t h e i r  company was n o t u s in g  ex p ec ted  u t i l i t y  

as a  d e c is io n  c r i t e r i o n .  The company no rm ally  does n o t p a r t i c i p a t e  in  

e x p lo ra to ry  d r i l l i n g  program s o r  in  w e lls  c o s t in g  o v e r $200,000. F o r 

th e se  rea so n s  P ro p o sa ls  No. 1 and 9 were o m itte d .

TABLE D

DECISION RESPONSES OF GROUP D

P ro p o sa l
Number

Investm en t 
P ro d u cer Dry Hole

R isk
F a c to r

In d if f e r e n c e  P 
D -1. D isc . Net

3 $ 50 ,000 $ 30 ,000 0 .70 $103,000

4 70,000 50,000 0 .60 85,000

10 150,000 90,000 0 .70 550,000

8 80,000 50,000 0 .60 118,000

6 80,000 50,000 0 .40 400,000

7 185,000 150,000 0 .40 950,000

5 55,000 30,000 0 .55 125,000

2 40 ,000 30,000 0 .60 120,000
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COMMENTS -  GROUP D

1) U n fo r tu n a te ly  many o f th e  re sp o n se s  g iv en  by P a r t i c ip a n t  D=1 were 

bunched around a  n e t  p r o f i t  o f  $100,000. T h is  p re v e n te d  th e  c l e a r  

d e f i n i t i o n  o f  th e  shape o f  h i s  u t i l i t y  cu rv e  in  th e  p r o f i t  range 

betw een $125,000 and $400 ,000 . In  g e n e ra l h i s  u t i l i t y  cu rv e  su g g e s ts  

a  r a th e r  c o n s e rv a t iv e  p re fe re n c e  w ith  re s p e c t  to  d r i l l i n g  in v e s tm e n ts . 

He s t a t e d  t h a t  s e v e ra l  p ro p o s a ls  were such  th a t  th e  r i s k  d id  n o t r e a l l y  

J u s t i f y  d r i l l i n g  a t  a l l .  F o r  th e s e  p ro p o sa ls  he s t a t e d  h ig h  i n d i f ­

f e re n c e  p o in ts  w hich r e s u l t e d  in  th e  g e n e ra l ly  f l a t  shape o f  th e  

cu rv e  in  th e  f i r s t  q u a d ra n t.

2) H is resp o n se  g iv en  f o r  P ro p o sa l 7 was n o t u sed  because  o f  in s u f f ic e n t  

d a ta  p o in ts  f o r  th e  e x t r a p o la t io n  o f  th e  cu rv e  to  e i t h e r  a  lo s s  o f  

$150,000 o r  a p r o f i t  o f  $950,000.


