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PREFACE 

T h i s  p a p e r  i s  o n e  i n  a  series o f  r e p o r t s  on  e x p e r i m e n t s  
w i t h  a game c b n c e r n i n g  cost a l l o c a t i o n  i n  w a t e r  r e s o u r c e s .  
The u l t i m a t e  p u r p o s e  o f  t h e  game i s  t o  b e  a n  a i d  i n  f i n d i n g  
b e t t e r  methods  f o r  a l l o c a t i n g  j o i n t  costs i n  p r o j e c t s  when 
s e v e r a l  p a r t i e s ,  e . g .  m u n i c i p a l i t i e s ,  j o i n  t o q e t h e r  t o  s a v e  
costs by  b u i l d i n g  a  l a r g e r  f a c i l i t y  i n s t e a d  o f  s e v e r a l  
s m a l l e r  o n e s .  

Gaming, i . e .  t h e  a c t u a l  p l a y i n g  o f  games,  c a n  b e  s e e n  
a s  a  compl iment  t o  o t h e r ,  more d e d u c t i v e ,  m e t h o d s ,  e .g . ,  
game t h e o r y .  S i n c e  t h e  i d e a  i s  t h a t  t h e  p l a n n e r s  i n v o l v e d  
s h a l l  r e a l l y  wan t  t o  u s e  t h e  a l l o c a t i o n  scheme,  it is  
i m p o r t a n t  t h a t  t h e  scheme i s  c o n g r u e n t  w i t h  t h e  p l a n n e r s '  
own t h i n k i n g .  Gaming c a n  f i r s t  o f  a l l  b e  s e e n  as  a n  " a c i d  
t e s t "  o f  t h e  p r o p o s e d  game t h e o r e t i c  s u g g e s t i o n .  I f  some 
t h e o r y  i s  n o t  a p p e a l i n g  i n  an  e x p e r i m e n t a l  s e t t i n g ,  it i s  
m o s t  l i k e l y  n o t  so i n  r e a l  a p p l i c a t i o n  e i t h e r .  F u r t h e r m o r e ,  
gaming c a n  b e  s e e n  a s  a d i r e c t  way o f  f i n d i n g  o u t  what  i d e a s  
o f  d i s t r i b u t i o n  are r e a l l y  h e l d  by p l a n n e r s :  How d o  
i n t e l l i g e n t  d e c i s i o n  m a k e r s ,  w i t h  a  r e a s o n a b l e  t i m e  f o r  
t h i n k i n g  t h r o u g h  t h e  problem,  a r r i v e  a t  a  compromise between 
d i f f e r e n t  c o n c e p t s ,  s u c h  a s  e f f i c i e n c y  a n d  e q u i t y ,  i n  
n e g o t i a t i o n s  o f  t h i s  t y p e ?  



ABSTRACT 

T h i s  p a p e r  r e v i e w s  two  gaming e x p e r i m e n t s  w i t h  a  game on 
c o s t  a l l o c a t i o n  i n  w a t e r  r e s o u r c e s ,  c a r r i e d  o u t  w i t h  d o c t o r a l  
s t u d e n t s .  The game i s  a imed  a t  t e s t i n g  some d i f f e r e n t  m e t h o d s  
o f  c o s t  a l l o c a t i o n .  A l t h o u g h  many r e p e a t e d  game r u n s  a r e  
n e c e s s a r y  f o r  c o n c l u s i o n s ,  t h e  m a i n  r e s u l t s  o f  t h e s e  two  
e x p e r i m e n t s ,  t o g e t h e r  w i t h  t w o  e a r l i e r  e x p e r i m e n t s  o n  t h e  same 
game b u t  w i t h  r e a l  d e c i s i o n  m a k e r s ,  a r e  a s  f o l l o w s :  

1 )  The method o f  a l l o c a t i n g  c o s t s  i n  p r o p o r t i o n  t o  demand 
w a s  f a r  w o r s e  a s  a  p r e d i c t o r  o f  ou t come  t h a n  a n y  o f  t h e  
o t h e r  m e t h o d s  d i s c u s s e d  h e r e .  

2 o f  t h e  f o u r  game t h e o r e t i c  m e t h o d s ,  t h e  me thod  p r e f e r r e d  
f rom a  n o r m a t i v e  p o i n t  o f  v i e w  f a r e d  w o r s t  i n  a l l  f o u r  
games.  

3 I n  none  o f  t h e  f o u r  games t h e  s o l u t i o n  was i n  t h e  c o r e .  

4 ) I n  e v e r y  game t h e  c o a l i t i o n  f o r m a t i o n  p r o c e s s  s t a r t e d  
w i t h  come s m a l l e r  c o a l i t i o n s  b e i n g  f o r m e d ,  t h e n  g o i n g  
on  t o w a r d s  l a r g e r  c o a l i t i o n s .  

5) T h e r e  w e r e  f a i r l y  g r e a t  d i f f e r e n c e s  b e t w e e n  t h e  d e c i s i o n  
m a k e r s  a n d  t h e  s t u d e n t s  b o t h  w i t h  r e g a r d  t o  o u t c o m e s  and  
t h e  n e g o t i a t i o n  p r o c e s s .  
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COST ALLOCATION I N  WATER RESOURCES-- 
TWO G A M I N G  EXPERIMENTS W I T H  DOCTORAL 
STUDENTS 

I n g o l f  S t a h l  

1 )  INTRODUCTION 

IIASA work ing  p a p e r s  WP-80-38 and  WP-80-82 c o n t a i n  
d e s c r i p t i o n s  o f  a game on  c o s t  a l l o c a t i o n  i n  w a t e r  management 
as  w e l l  a s  a r e p o r t  on t h e  a c t u a l  p l a y i n g  o f  t h i s  game; f i r s t  
i n  November 1979 w i t h  w a t e r  p l a n n e r s  i n  Sweden, and  s e c o n d l y  
i n  A p r i l  w i t h  r e g i o n a l  p l a n n e r s  i n  Tuscany ,  I t a l y .  The 
r e a d e r  i s  recommended t o  r e a d  e i t h e r  o n e  o f  t h e s e  two working  
p a p e r s  p r i o r  t o  p r o c e e d i n g  t o  t h e  p r e s e n t  o n e .  

~ l t h o u g h  t h e  f o c u s  o f  t h e  IIASA gaming p r o j e c t  i s  t o  
i n v o l v e ,  as f a r  a s  p o s s i b l e ,  real  d e c i s i o n  m a k e r s ,  it i s  a l s o  
o f  i m p o r t a n c e  t o  o b t a i n  many game r u n s  t o  b e  a b l e  t o  s t u d y  t h e  
s t r u c t u r e  o f  t h e  game more g e n e r a l l y .  When a n  o p p o r t u n i t y  was 
g i v e n  t o  r u n  t h i s  w a t e r  game t w i c e  w i t h  Swedish  d o c t o r a l  
s t u d e n t s  i n  C u l t u r a l  Georgraphy f rom t h e  U n i v e r s i t y  o f  Lund* 
t h e  o p p o r t u n i t y  was g l a d l y  u t i l i z e d .  

The i d e a  w a s  n o t  o n l y  t o  t r y  o u t  some new e x p e r i m e n t a l  
d e s i g n s ,  b u t  a l s o  t o  t e s t  i f  t h e  above  s t a t e d  p o l i c y  o f  t r y i n g  
h a r d  t o  i n v o l v e  real  d e c i s i o n - m a k e r s  was r e a s o n a b l e .  I f  s t u -  
d e n t s  p l a y e d  i n  t h e  same way a s  r e a l  d e c i s i o n  maker s ,  it would 
n o t  b e  r e a s o n a b l e  t o  p u t  a  l o t  o f  e f f o r t  i n t o  i n v o l v i n g  r e a l  

*They were on a s t u d y  t o u r  i n  Vienna .  S e v e r a l  o f  them 
were d o i n g  r e s e a r c h  r e l a t e d  t o  r e g i o n a l  p l a n n i n g .  



dec i s ion-makers  s i n c e  s t u d e n t s  would, i n  g e n e r a l ,  b e  more e a s i l y  
o b t a i n a b l e .  Our e a r l i e r  l i t e r a t u r e  s t u d i e s  had s u g g e s t e d  t h a t  
t h e r e  would p r o b a b l y  be  s u b s t a n t i a l  d i f f e r e n c e s  between t h e  way 
s t u d e n t s  and r e a l  dec i s ion-makers  a c t .  However, w e  had n o t  
found many wel l -done  compar isons  i n  t h i s  r e g a r d ,  i n  t h e  lit- 
e r a t u r e  and f u r t h e r m o r e ,  t h e  compar isons  i n v o l v e  games of  a  
somewhat d i f f e r e n t  t y p e  t h a n  o u r  game.* T h i s  made it seem i n -  
t e r e s t i n g  t o  q e t  a  chance  t o  make o u r  own tes t  of  o u r  working 
h y p o t h e s i s ;  t h a t  t h e r e  would b e  a  s i g n i f i c a n t  d i f f e r e n c e  i n  be- 
h a v i o r  between r e a l  dec i s ion-makers  and s t u d e n t s .  

2)  THE EXPERIMENTAL DESIGN 

The e x p e r i m e n t a l  d e s i g n  t h a t  w e  wanted t o  t r y  o u t  was 
i n f l u e n c e d  by t h e  outcome o f  t h e  p l a y i n g  i n  Sweden and I t a l y .  
I n  b o t h  c a s e s ,  t h e  game t h e o r e t i c  c o n c e p t  t h a t  had been less 
s u c c e s s f u l  from a  p r e d i c t i v e  p o i n t  o f  v iew,  was a  c o n c e p t  which 
from a  n o r m a t i v e  p o i n t  o f  view had been r e g a r d e d  t o  have t h e  
most d e s i r a b l e  p r o p e r t i e s , * *  namely t h e  Weak L e a s t  Core.  

The r e a s o n s  t h a t  t h i s  c o n c e p t  had been p r e f e r r e d  from a  
normat ive  p o i n t  o f  v iew,  were t h e  f o l l o w i n g :  F i r s t ,  t h e  s o l u -  
t i o n  shou ld  l i e  w i t h i n  t h e  core .***  Second ly ,  t h e  game t h e o r e t i c  
p rocedure  used  s h o u l d  obey what is  c a l l e d  t h e  m o n o t o n i c i t y  p r i n -  
c i p l e .  T h i s  r e q u i r e s  t h a t  i f  t o t a l  c o s t s  go  down, no p a r t y  
s h a l l  pay more. The Weak L e a s t  Core a p p e a r s  t o  b e  t h e  o n l y  w e l l -  
known c o r e  c o n c e p t  f u l f i l l i n g  t h e  m o n o t o n i c i t y  r e q u i r e m e n t  i n  
e v e r y  game. 

The two e a r l i e r  e x p e r i m e n t s  had i n  no way g i v e n  t h e  p a r t i -  
c i p a n t s  any r e a s o n s  f o r  r e f l e c t i n g  upon t h e  m o n o t o n i c i t y  p r i n -  
c i p l e ,  s i n c e  t h e y  had n o t  had t o  t h i n k  a b o u t  t h e  e f f e c t  o f  t o t a l  
c o s t s  go ing  up o r  down. I n  o r d e r  t o  draw t h e  a t t e n t i o n  o f  t h e  
p a r t i c i p a n t s  t o  t h i s  q u e s t i o n ,  w e  a l l o w e d  i n  one  of  t h e  two 
e x p e r i m e n t s ,  ( g r o u p  B) f o r  two l e v e l s  of  c o s t s  of  t h e  g rand  
c o a l i t i o n ,  i . e . ,  when a l l  s i x  m u n i c i p a l i t i e s  j o i n  t o g e t h e r ;  
one  o f  83.82 mkr ( m i l l i o n s  o f  Swedish c r o w n s ) ;  one  o f  87.82 mkr. 
The 83.82 f i g u r e  i s  t h e  one  used i n  t h e  p r e v i o u s  e x p e r i m e n t s .  
The r e a s o n  f o r  p u t t i n g  t h e  second l e v e l  4 mkr. above,  is  t h a t  
t h i s  i s  t h e  f i g u r e  used  by Young e t  a l i a  i n  WP-79-77. For  t h i s  
p a i r  of  f i g u r e s ,  it i s  shown t h a t  t h e  N u c l e o l u s ,  which i n  t h e  
two p r e v i o u s  e x p e r i m e n t s  was t h e  most s u c c e s s f u l  o f  t h e  t h r e e  
s t u d i e d  c o r e  c o n c e p t s ,  v i o l a t e d  t h e  m o n o t o n i c i t y  p r i n c i p l e .  
When t o t a l  c o s t s  a r e  83 .82,  p a r t y  K pays  5 .00;  when c o s t s  i n -  
c r e a s e  t o  87 .82,  K pays  o n l y  4.51. 

*See f u r t h e r  S t a h l  (1980 c )  
**See WP-79-77 

***For a  d e f i n i t i o n  o f  t h i s  c o n c e p t ,  s e e ,  e . g . ,  page 3  i n  
WP-80-38. 



The two c o s t  l e v e l s  were i n t r o d u c e d  i n  t h e  game i n s t r u c t i o n s  
f o r  p a r t y  B ,  b o t h  by g i v i n g  t h e  two f i g u r e s  f o r  t h e  AHKLMT co-  
a l i t i o n  and  by i n t r o d u c i n g  t h e  f o l l o w i n g  p a s s a g e :  

AS n o t e d  above ,  t h e  c o s t  o f  t h e  g r a n d  c o a l i t i o n  
AHKLMT, w i l l  e i t h e r b e  87 .82  mkr. o r  83 .82  mkr.  d e -  
p e n d i n g  on w h e t h e r  t h e  government  w i l l  g i v e  a s p e c i a l  
s u b s i d y  o f  4 mkr.  f o r  t h e  p l a n t  o f  t h i s  c o a l i t i o n .  
NO government  s u b s i d y  w i l l  b e  g i v e n  t o  a n y  c o a l i t i o n  
o t h e r  t h a n  t h e  g r a n d  c o a l i t i o n  AHKLMT. Whether  t h e  
s u b s i d y  r e a l l y  w i l l  b e  p a i d  o r  n o t ,  w i l l  n o t  b e  d e -  
t e r m i n e d  u n t i l  a f t e r  t h e  game is f i n i s h e d ,  w i t h  
e i t h e r  e v e n t  b e i n g  e q u a l l y  l i k e l y .  T h e r e f o r e ,  e v e r y  
g r a n d  c o a l i t i o n  m u s t  r e g i s t e r  t w o  payment d i s t r i b u -  
t i o n s ,  o n e  f o r  t h e  case when costs are 87 .82  a n d  t h e  
o t h e r  f o r  t h e  case when c o s t s  a r e  83 .82  mkr.  

The game i n s t r u c t i o n s  f o r  t h e  o t h e r  game g r o u p ,  g r o u p  A ,  
d i d  n o t  i n c l u d e  t h i s  i n f o r m a t i o n  (set  o u t  i n  t h e  a p p e n d i x  w i t h -  
i n  s q u a r e  b r a c k e t s ) .  A p a r t  f rom t h i s  d i f f e r e n c e ,  t h e  i n s t r u c -  
t i o n s  f o r  t h e  t w o  g r o u p s  A and  B ,  were i d e n t i c a l .  

The i n s t r u c t i o n s  i n  t h e  v e r s i o n  p l a y e d  h e r e  d i f f e r e d ,  how- 
e v e r ,  a l s o  i n  o t h e r  r e s p e c t s  f rom t h e  game p l a y e d  i n  Sweden a n d  
I t a l y .  

I n  t h e  game i n  Sweden, w e  d i d  n o t  i n c l u d e  any  d a t a  on  water 
demand a n d  p o p u l a t i o n .  I n  t h e  I t a l i a n  game, w e  s u p p l i e d  d a t a  
on b o t h  o f  t h e s e  f a c t o r s .  A l though  t h e  r e l e v a n c e  o f  t h e s e  f a c -  
t o r s  was d i s c u s s e d  a t  l e n g t h  i n  t h e  I t a l i a n  game, t h e y  d i d  n o t  
have  any  i n f l u e n c e  on  t h e  f i n a l  outcome.  A s  d i s c u s s e d  i n  
WP-80-82, t h e  p r e s e n t a t i o n  o f  d a t a  on b o t h  p o p u l a t i o n  a n d  w a t e r  
demand m i g h t  have  made it more d i f f i c u l t  f o r  t h o s e  a r g u i n g  f o r  
t h e  v i e w p o i n t  t h a t  t h e  d i v i s i o n  s h o u l d  r e f l e c t  s u c h  f i g u r e s .  
They c o u l d  n o t  c l e a r l y  d e c i d e  on w h e t h e r  demand o r  p o p u l a t i o n  
s h o u l d  matter.  I t  t h e r e f o r e  seemed t o  b e  o f  i n t e r e s t  t o  s t u d y  
t h e  e f f e c t  of p r e s e n t i n g  d a t a  on w a t e r  demand o n l y .  T h i s  was 
t h u s  d o n e  f o r  b o t h  t h e  t w o  games d e s c r i b e d  h e r e .  

~ u r t h e r m o r e ,  due  t o  p r a c t i c a l  c i r c u m s t a n c e s ,  w e  d e c i d e d ,  
u n l i k e  i n  t h e  two e a r l i e r  games,  n o t  t o  l e t  t h e  s t u d e n t s  p l a y  
f o r  money i n  d i r e c t  p r o p o r t i o n  t o  t h e  pay-of f  t a b l e . *  I n s t e a d ,  
it was s t a t e d  t h a t  a  p r i z e  would " b e  g i v e n  t o  t h a t  p l a y e r  who 
a c c o r d i n q  t o  t h e  judgment  o f  t h e  game l e a d e r  a c t s  a s  t h e  mos t  
s k i l l f u l  r e p r e s e n t a t i v e  f o r  h i s  m u n i c i p a l i t y  among t h e  t w e l v e  
p l a y e r s  t a k i n g  p a r t  i n  t h e  t w o  games."  

The i d e a  was t h a t  t h e  hope o f  g e t t i n g  t h i s  p r i z e  would 
s e r v e  a s  a l m o s t  a s  s t r o n g  a  s t i m u l a t o r  a s  l e t t i n g  e a c h  p l a y e r  
have  t h e  c h a n c e  o f  o b t a i n i n g  a s m a l l  amount o f  money. I n  f a c t ,  

*One m i l l i o n  c rowns  i n  t h e  t a b l e  i n  t h e  Swed i sh  game 
c o r r e s p o n d e d  t o  o n e  c rown,  and  i n  t h e  I t a l i a n  game, a hundred  
l i r e .  



i n  t h e  I t a l i a n  and  Swedish game, a l l  t h e  money won by t h e  p a r t i -  
c i p a n t s  had  been g i v e n  away t o  c h a r i t y .  T h e r e f o r e ,  t h e  e f f e c t  
o f  t h e  money had p r o b a b l y  been  f a i r l y  low. 

F i n a l l y ,  t h e r e  were some s m a l l  c h a n g e s  i n  t h e  break-up  
r u l e s ,  p a r t i c u l a r l y  compared t o  t h e  Swedish games, i n  o r d e r  t o  
a v o i d  t h e  game b e i n g  b roken  u p  p r e m a t u r e l y .  

3. THE PLAYING OF THE GAME 

The two g r o u p s  o f  p l a y e r s  were s e a t e d  a r o u n d  t w o  s e p a r a t e  
t a b l e s  l o c a t e d  i n  t h e  same room, b u t  a p p r o x i m a t e l y  1 0  m.  
a p a r t .  T h e r e  a p p e a r e d  t o  b e  l i t t l e  p o s s i b i l i t y  o f  e i t h e r  g r o u p  
o b s e r v i n g  what  t h e  o t h e r  g r o u p  d i d ,  b u t  it was p o s s i b l e  f o r  t h e  
game l e a d e r  t o  b e  i n  c o n t a c t  w i t h  b o t h  g r o u p s .  

The s e a t i n g  a r o u n d  e a c h  t a b l e  was i n t e n t i o n a l l y  k e p t  t h e  
same a s  i n  t h e  ea r l i e r  games, v i z .  t h e  f o l l o w i n g  ( f i g u r e  1 ) :  

F i g u r e  1 .  S e a t i n g  p l a n .  

~ h c  p a r t i c i p a n t s  were f o r  p r a c t i c a l  r e a s o n s  a l l o t t e d  t o  
a r o u p s  A and 9 a c c o r d i n g  t o  t h e  o r d e r  o f  a r r i v a l  t o  t h e  e x p e r i -  
ment .  W i t h i n  e a c h  g r o u p ,  t h e  m u n i c i p a l i t y  r o l e s  were a l l o t t e d  
t o  t h e  s i x  p l a y e r s .  

The p a r t i c i p a n t s  o b t a i n e d  t h e  gaming i n s t r u c t i o n s  p r e s e n t e d  
i n  t h e  a p p e n d i x  w i t h  g r o u p  B o b t a i n i n g  t h e  f u l l  t e x t  and  g r o u p  
A ,  t h e  t e x t  e x c e p t  t h a t  which  h a s  been  p l a c e d  w i t h i n  s q u a r e  
b r a c k e t s  i n  t h i s  a p p e n d i x .  

~ n i t i a l l y ,  t h e r e  was t i m e  f o r  q u e s t i o n s ,  b u t  t h e r e  were no  
q u e s t i o n s  t h a t  c o u l d  n o t  b e  g i v e n  a n  answer  by d i r e c t l y  r e f e r r i n g  
t o  t h e  gaming i n s t r u c t i o n s .  These  q u e s t i o n s  d i d  n o t  r e v e a l  t h a t  
t h e  two teams d i d  n o t  p l a y  i d e n t i c a l  games. 

AS r e g a r d s  t h e  p l a y i n g  o f  t h e  game, w e  s h a l l  r e p o r t  on  each  
g r o u p  s e p a r a t e l y .  

3 a )  Group A 

I n  team A ,  i n  which  t h e  c o s t  of  t h e  g r a n d  c o a l i t i o n  was 
u n i q u e ,  83 .82 ,  t h e  p a r t i e s  s t a r t e d  o f f  t r y i n g  t o  form t h e  g r a n d  
c o a l i t i o n ,  and  t h e n  d i v i d i n g  t h i s  c o s t  83 .82  i n t o  s i x  e q u a l  
p a r t s ,  i . e . ,  13.97 t o  e a c h .  S i n c e  t h i s  p r o c e d u r e  would g i v e  
e . g . ,  K much h i g h e r  c o s t s  t h a n  i f  h e  was on h i s  own ( 1 0 . 9 1 ) ,  
t h i s  i d e a  was r e j e c t e d .  



N e x t ,  t h e  p a r t i e s  t r i e d  t o  a l l o c a t e  c o s t s  a c c o r d i n g  t o  
demand and  t h e n  see i f  anyone  would " s u f f e r " .  S i n c e  M is  t h e n  
b e t t e r  o f f  on h i s  own, t h i s  p r o c e d u r e  w a s  a l s o  r e j e c t e d .  A f t e r  
t h i s ,  t h e  p a r t i e s  seemed t o  g i v e  up t h e  a t t e m p t s  a t  fo rming  t h e  
g r a n d  c o a l i t i o n  immedia t e ly .  

A f t e r  22 m i n u t e s  ( c o u n t e d  from t h e  s t a r t  o f  t h e  game) AHT 
t r i e d  t o  form a c o a l i t i o n ,  b u t  c o u l d  n o t  a g r e e  o n  a d i v i s i o n .  
A f t e r  28 m i n u t e s ,  K and L wanted  t o  form a c o a l i t i o n  w i t h  13 .80  
t o  K and  12.99 t o  L. T h i s  d i v i s i o n  was p r o p o r t i o n a l  t o  t h e  water 
demand o f  K and L. When t h e  game l e a d e r  a s k e d  w h e t h e r  h e  a l so  
a g r e e d  t o  t h i s  d i v i s i o n  scheme, K r e a l i z e d  t h a t  h e  would o n l y  
have  t o  pay 10 .91  when o n  h i s  own, and  t h e r e f o r e  r e t r a c t e d  from 
t h i s  a g r e e m e n t .  

The n e g o t i a t i o n  t h e n  p roceeded  w i t h  many c a l c u l a t i o n s  and  
much d i s c u s s i o n  o n  t h e  p a r t  o f  t h e  p a r t i c i p a n t s .  A f t e r  47 
m i n u t e s ,  AHT had f i n a l l y  been  a b l e  t o  r e a c h  a n  a g r e e m e n t  on  
20 .50  t o  A ,  15.64 t o  H and  20.53 t o  T. T h i s  d i v i s i o n  w a s  ob- 
t a i n e d  by comput ing  t h e  t o t a l  s a v i n g s :  c ( A )  +c (H)  + c  (TI -c(AHT) ; 
d i v i d i n g  t h e s e  s a v i n g s  i n t o  t h r e e  e q u a l  p a r t s  and  t h e n  d e d u c t i n g  
e a c h  p a r t y ' s  s h a r e  o f  s a v i n g s  f rom h i s  costs  when p l a y i n g  a l o n e .  
~t s h o u l d  b e  s t r e s s e d  t h a t  t h e  c o a l i t i o n  AHT makes l i t t l e  s e n s e ,  
s i n c e  T  a d d s  n o t h i n g  i n  terms o f  cost s a v i n g s .  One wonders  i f  
t h e  f a c t  t h a t  AHT s a t  on  t h e  same s i d e  o f  t h e  t a b l e  had any  
e f f e c t .  F u r t h e r m o r e ,  t h i s  d i v i s i o n  was o b v i o u s l y  n o t  i n  t h e  
core as r e g a r d s  t h e  d i v i s i o n  o f  t h e  costs o f  AHT, s i n c e  AH 
would b e  b e t t e r  o f f  a l o n e ,  n o t  h a v i n g  t o  s h a r e  a n y  of t h e i r  
c o s t  s a v i n g s  w i t h  T. 

A f t e r  a p p r o x i m a t e l y  o n e  h o u r  f rom t h e  s t a r t  o f  t h e  game, 
KLM t r i e d  t o  d i v i d e  t h e  cost s a v i n g s  o f  5 .59 o b t a i n e d  by t h i s  
t h r e e - p a r t y  c o a l i t i o n .  The d e b a t e  c e n t e r e d  on  w h e t h e r  t h e s e  
s a v i n g s  s h o u l d  b e  d i v i d e d  i n t o  e q u a l  p a r t s  o f  1 . 8 6  o r  w h e t h e r  
t h e y  s h o u l d  b e  d i v i d e d  a c c o r d i n g  t o  water demand, someth ing  
h e a v i l y  f a v o r i n g  p a r t y  M ,  who f a c e d  67 p e r  c e n t  o f  t h e  t o t a l  
demand o f  t h i s  c o a l i t i o n .  F i n a l l y ,  a  compromise w a s  r e a c h e d  
on a  d i v i s i o n  o f  t h e  s a v i n g s ,  l y i n g  i n  be tween t h e  d i v i s i o n  
f i g u r e s  a c c o r d i n g  t h e s e  t w o  methods .  T h i s  g a v e  a  d i v i s i o n  o f  
9.41 t o  K ,  1 4 . 4 8  t o  L, and  18.01 t o  M .  I t  c a n  b e  n o t e d  t h a t  
t h i s  d i v i s i o n  d o e s  n o t  l i e  w i t h i n  t h e  core o f  t h i s  t h r e e  p a r t y  
c o a l i t i o n  KLM. S i n c e  K d o e s  n o t  c o n t r i b u t e  t o  any  s a v i n g s ,  L  
a n d  M would b e  b e t t e r  o f f  w i t h  t h e  LM c o a l i t i o n  o n l y .  

A f t e r  t h i s ,  a l l  p l a y e r s  i n  g r o u p  A worked on f o r m i n g  t h e  
s i x  p a r t y  c o a l i t i o n .  Time was t h e n  r u n n i n g  s h o r t ,  s i n c e  t h e r e  
w a s  a t o t a l  time l i m i t  o f  90 m i n u t e s  s t i p u l a t e d .  

T h e r e  was a g e n e r a l  ag reemen t  t h a t  t h e  f o u n d a t i o n s  o f  t h e  
d i v i s i o n  of t h e  costs o f  t h i s  g r a n d  c o a l i t i o n  w a s  t h a t  e a c h  
p a r t y  s h o u l d  g o  i n  w i t h  h i s  payments  f rom t h e  r e g i s t e r e d  t h r e e -  
p a r t y  c o a l i t i o n s  and  t h a t  o n e  from t h e s e  payments  s h o u l d  d e d u c t  
t h e  s a v i n g s  o b t a i n e d  by f o r m i n g  t h e  s i x  p a r t y  c o a l i t i o n  i . e . ,  



c ( A H T )  + c  (KLM) -c (AHKLMT) . J u s t  b e f o r e  t i m e  r a n  o u t ,  t h e r e  was 
a n  ag reemen t  on  d i v i d i n g  t h e s e  s a v i n g s  i n  p r o p o r t i o n  t o  w a t e r  
demand l e a d i n g  t o t h e  f o l l o w i n g  c o s t  d i s t r i b u t i o n :  A = 18.15;  
H = 12 .77 ;  K = 8 .10 ;  L = 1 3 . 2 5 ;  M = 12.90  and  T = 1 8 . 6 5 .  

A s  r e g a r d s  t h i s  ou tcome,  o n e  c a n  f i r s t  n o t e  t h a t  it d o e s  
n o t  l i e  w i t h i n  t h e  c o r e .  I n  f a c t ,  it v i o l a t e s  t h e  g r o u p  r a t i o -  
n a l i t y  p r i n c i p l e  i n  many ways.  The f o l l o w i n g  c o a l i t i o n s  a l l  
l e a d  t o  less  c o s t s  t o  t h e i r  members t h a n  t h e  sum o f  t h e  payments  
a c c o r d i n g  t o  t h e  d i v i s i o n  a b o v e :  HL, AHL, HKL, and  AHKL. 

I n  p a r t i c u l a r ,  it i s  n o t e w o r t h y  t h a t  H a n d  L c o u l d  g e t  away 
w i t h  p a y i n g  1 2 . 5 0  e a c h ,  i f  t h e y  j u s t  formed t h e  HL c o a l i t i o n  and  
s p l i t  t h e i r  c o s t s  e q u a l l y .  Thus t h e  p l a y e r s  H and  L v i o l a t e d  
s e l t e n ' s  Equa l  S h a r e  A n a l y s i s  t h e o r y  which  i s  b a s e d  on o b s e r -  
v a t i o n s  o f  b e h a v i o r  i n  s imi la r  e x p e r i m e n t s .  A c c o r d i n g  t o  t h i s  
t h e o r y  ( S e l t e n ,  1972 ,  p .  133 a n d  S e l t e n ,  1978 ,  p .  2 9 6 ) ,  t h e  
s o l u t i o n  s h o u l d  l i e  i n  t h e  e q u a l  d i v i s i o n  c o r e .  T h i s  i m p l i e s  
t h a t  no a l t e r n a t i v e  c o a l i t i o n  s h o u l d  b e  a b l e  t o  fo rm,  which  by 
c h a r g i n g  e a c h  p a r t y  t h e  same amount ,  would h a v e  l e a d  t o  a  l o w e r  
p a y - o f f .  The HL paymen t s  o f  12.77 and 13 .25  a r e  o b v i o u s l y  n o t  
i n  t h i s  e q u a l  d i v i s i o n  c o r e ,  s i n c e  t h e y  a re  l o w e r  t h a n  t h e  12 .50  
n o t e d  above .  

F u r t h e r m o r e ,  o n e  c a n  d i s c u s s  w h e t h e r  it i s  r e a s o n a b l e  t o  
d i v i d e  c o s t  s a v i n g s  i n  p r o p o r t i o n  t o , w a t e r  demand. T h i s  im-  
p l i e s  t h a t  t h e  more w a t e r  o n e  demands , the  l o w e r  c o s t s  o n e  would 
h a v e  t o  pay. * Here, o n e  wonde r s  t o '  what  e x t e n t  t h e  time p r e s -  
s u r e  combined w i t h  t h e  a r g u m e n t a t i v e  s k i l l s  o f  t h e  r e p r e s e n t a -  
t i v e  o f  m u n i c i p a l i t y  M ,  p l a y e d  a s i g n i f i c a n t  r o l e .  A t  any  r a t e ,  
t h e  p r o c e d u r e  a d o p t e d  l e a d  t o  t h e  f a c t  t h a t  M i n  t h i s  game had  
t o  pay  f a r  less t h a n  M had  p a i d  i n  a n y  o t h e r  game, a n d  a l so  
a c c o r d i n g  t o  a n y  d i v i s i o n  p r o c e d u r e  d i s c u s s e d  i n  WP-79-77.** 

3b)  Group B 

The p l a y e r s  i n  g r o u p  B s t a r t e d  o f f  by t r y i n g  t o  form a 
g r a n d  c o a l i t i o n  and  d i v i d i n g  c o s t s  i n  p r o p o r t i o n  t o  w a t e r  con-  
s u m p t i o n .  But s i n c e  t h i s  v i o l a t e d  i n d i v i d u a l  r a t i o n a l i t y ,  no  
a g r e e m e n t  c o u l d  b e  r e a c h e d .  A f t e r  1 3  m i n u t e s ,  t h e r e  was a n  
a t t e m p t  t o  form a c o a l i t i o n  AHKL, s h a r i n g  c o s t s  e q u a l l y ,  b u t  
t h i s  was a l s o  d r o p p e d  d u e  t o  v i o l a t i o n  o f  i n d i v i d u a l  r a t i o n a l i t y  

I n s t e a d ,  t h e r e  w a s  a  f o c u s  on f o r m a t i o n  o f  smaller c o a l i -  
t i o n s  and  a f t e r  20  m i n u t e s ,  H and,K formed H K ,  d i v i d i n g  t h e  
t o t a l  c o s t s  o f  22 .96  i n  p r o p o r t i o n  t o t f i e  w a t e r  demand, g i v i n g  
a d i v i s i o n  of  15 .77  t o  H and  7 . 1 9  t o  K .  

* I t  s h o u l d  b e  s t r e s s e d  t h a t  s i n c e  c o s t s  r e f e r  t o  a  p l a n t  
o f  a g i v e n  s i z e ,  t h i s  d i v i s i o n  p r o c e d u r e  c a n n o t  r a t i o n a l l y  b e  
d e f e n d e d  by r e f e r r i n g  t o  economies  o f  scale. 

**M i n  g r o u p  A h e n c e  o b t a i n e d  t h e  f i r s t  p r i z e ,  a  BBBB ( B e s t  
~ u l g a r i a n  Brandy B o t t l e ) .  



A f t e r  25  m i n u t e s ,  t h e  c o a l i t i o n  HKLM w a n t e d  t o  s i g n  u p  w i t h  
t h e  f o l l o w i n g  d i v i s i o n :  H :  13 .08 ,  K :  5 . 9 6 ,  L: 5 . 6 ,  a n d  M :  23.27.  
T h i s  i s  a  d i v i s i o n  of t h e  t o t a l  costs o f  t h i s  c o a l i t i o n ,  48 .07 ,  
i n  p r o p o r t i o n  t o  water  demand. When a s k e d  by t h e  game l e a d e r  
w h e t h e r  e v e r y o n e  i n  t h e  c o a l i t i o n  a g r e e d  t o  t h i s  d i v i s i o n ,  M 
r e a l i z i n g  h e  c o u l d  pay  less o n  h i s  own, r e t r a c t e d .  

r n s t e a d ,  a c o a l i t i o n  HKL w a s  fo rmed a f t e r  3 0  m i n u t e s  w i t h  
14 .4  t o  H I  6 . 5  t o  K a n d  6 . 3  t o  L. T h i s  w a s  a l so  a d i v i s i o n  
b a s e d  o n  water demand, b u t  it now d i d  n o t  v i o l a t e  i n d i v i d u a l  
r a t i o n a l i t y .  

The  r e m a i n i n g  t i m e  w a s  u s e d  t r y i n g  t o  form a g r a n d  coa l i -  
t i o n .  The  members o f  t h e  HKL c o a l i t i o n  t h e n  w a n t e d  t o  a c t  
a c c o r d i n g  t o  b r o a d e r  r e g i o n a l - s o c i a l  c r i t e r i a .  They s t a t e d  t h a t  
t h e y  w e r e  w i l l i n g  t o  a b s o r b  more costs t h a n  t h e y  would h a v e  t o  
pay  i f  t h e y  r e m a i n e d  i n  t h e  HKL c o a l i t i o n ,  i . e . ,  t o  v i o l a t e  
" g r o u p  r a t i o n a l i t y "  i n  o r d e r  t o  e n s u r e  t h a t  t h e  soc ie ta l  o p t i m a l  
g r a n d  c o a l i t i o n  would  b e  formed.  

The  d i v i s i o n  scheme t h e n  worked o u t  w a s  q u i t e  c o m p l i c a t e d :  
F i r s t  o f  a l l ,  o n e  a g r e e d  upon how o n e  would  d i v i d e  t h e  87 .82 ,  
i . e . ,  t h e  costs  p r i o r  t o  t h e  government  s u b s i d y  o f  4 .  T h e s e  
8 7 . 8 2  were f i r s t  t e n t a t i v e l y  a l l o c a t e d  t o  e a c h  p a r t y  i n  d i r e c t  
p r o p o r t i o n  t o  e a c h  p a r t y ' s  " o n e - p a r t y  c o a l i t i o n "  costs, g i v i n g  
A = 17 .73 ,  H = 1 3 . 8 3 ,  K = 8 . 7 8 ,  L  = 1 2 . 0 2 ,  M = 1 7 . 7 4 ,  T  = 16.80 .  
Some a d j u s t m e n t s  were t h e n  made, a p p a r e n t l y  on  some f a i r l y  a d  
hoc  b a s i s ,  t a k i n g  i n t o  a c c o u n t  t h e  f a c t  t h a t  by t h i s  p r o c e d u r e  - 
K l o s t  2 .28  compared  t o  t h e  ea r l i e r  HKL c o a l i t i o n .  Due t o  t h i s ,  
K ' s  payment  w a s  r e d u c e d  t o  7 ,  a n d  L ' s  t o  9 .  The o t h e r  p a r t i e s '  
payments  w e r e  c o n s e q u e n t l y  r a i s e d  somewhat.  Thus ,  t h e  f i n a l  
d i v i s i o n  o f  t h e  87 .82  w a s :  A = 1 8 . 6 7 ,  H = 1 3 . 7 9 ,  K = 7 ,  L  = 9 ,  
M = 18 .55  a n d  T  = 19 .98 .  S i n c e  HKL t h e n  had  t o  pay 29.79 to- 
g e t h e r ,  i . e . ,  more t h a n  t h e  27.26 t o  b e  p a i d  i f  on  t h e i r  own, 
t h e  s o l u t i o n  w a s  n o t  i n  t h e  c o r e .  

The  p a r t i e s  t h e n  wen t  on t o  d e t e r m i n e  t h e  d i v i s i 3 n  f o r  t h e  
case t h a t  costs  o f  t h e  g r a n d  c o a l i t i o n  would  b e  4 less.  T h i s  
d i v i s i o n  w a s  made by d i s t r i b u t i n g  t h e  cost  s a v i n g s  o f  4 p a r t i c -  
u l a r l y  t o  t h o s e  p a r t i e s  t h a t  were t h o u g h t  t o  h a v e  been  less w e l l  
t r e a t e d  i n  t h e  e a r l i e r  p h a s e .  Thus L ' s  payment w a s ,  e . g . ,  
r e d u c e d  f rom 9  t o  8 .  The f i n a l  d i v i s i o n  o f  t h e  83 .82  w a s :  
A = 18 .56 ,  H = 1 3 . 7 9 ,  K = 6 . 7 5 ,  L  = 8 ,  M = 17 .66  a n d  T  = 19 .05 .  
T h i s  is  t h e  d i v i s i o n  wh ich  w e  s h a l l  u s e  f o r  f u r t h e r  a n a l y s i s ,  
s i n c e  it i n v o l v e s  t h e  d i v i s i o n  o f  t h e  same amount ,  83 .82 ,  a s  i n  
a l l  o t h e r  games.  

~t s h o u l d  b e  n o t e d  t h a t  t h i s  s o l u t i o n  i s  n o t  i n  t h e  c o r e  
e i t h e r .  The payment  t o  b e  made by HKL, 28 .54 ,  i s  more t h a n  
t h e y  would h a v e  t o  pay i f  t h e y  had j u s t  f o rmed  t h e  c o a l i t i o n  
HKL ( 2 7 . 2 6 ) .  As m e n t i o n e d  a b o v e ,  t h i s  v i o l a t i o n  w a s  o b v i o u s l y  
t a k e n  w i t h  open  e y e s ,  p u r s u i n g  a n o t h e r  g o a l  o t h e r  t h a n  m i n i -  
m i z i n g  o n e ' s  own costs.  T h i s  i s ,  however ,  t h e  o n l y  v i o l a t i o n  
o f  g r o u p  r a t i o n a l i t y .  F u r t h e r m o r e ,  t h e  s o l u t i o n  l i e s  i n  t h e  



" e q u a l  d i v i s i o n  c o r e " ,  s i n c e  27.26 /3  = 9 . 0 9  and b o t h  K and L 
pay less.  

4 )  COMPARISONS BETWEEN METHODS AND OUTCOME 

I n  o r d e r  t o  f a c i l i t a t e  a  compar ison o f  t h e  s o l u t i o n  of t h e  
methods w i t h  t h e  outcomes i n  t h e  t w o  games, w e  p r e s e n t  t h e  
f o l l o w i n g  t a b l e  ( T a b l e  11 ,  i n  which w e  a l s o  i n c l u d e  t h e  outcome 
o f  t h e  o r i g i n a l  Swedish game and t h e  I t a l i a n  game. 

T a b l e  . C o s t  d i s t r i b u t i o n  a c c o r d i n g  t o  d i f f e r e n t  methods and  
a c t u a l  outcomes.  

Demand P r o p o r t .  13.33  16 .32  7 .43  7 . 0 0  29 .04  10.69 

SCRB 1 9 . 5 4  1 3 . 2 8  5 . 6 2  10 .90  1 6 . 6 6  1 7 . 8 2  

S h a p l e y  Va lue  20 .01  10 .71  6 .61  10 .37  16 .94  19 .18  

N u c l e o l u s  20 .35  12 .06  5 . 0 0  8 .61  1 8 . 6 0  19 .21  

Prop  L e a s t  Core 1 9 . 8 1  12 .57  4 . 3 5  9 .25  19 .85  17 .99  

Weak L e a s t  Core  20.03  7 2 - 5 2  3.94 9 . 0 7  2 0 . 1 1  18 .15  

Swedish G a m e  
( i f  Grand) 21.15  9 . 7 0  6 . 0 0  9 .10  18 .37  19 .50  

I t a l i a n  Game 2 0 . 8 1  9 .55  6 . 1 0  8 .88  1 8 . 7 2  19 .77  

G a m e  A 18.15  12 .77  8 .10  1 3 . 2 5  12 .90  18.65 

Game B 1 8 . 5 6  13 .79  6 . 7 5  8 .00  1 7 . 6 6  1 9 . 0 5  

Already  i n  t h i s  t a b l e ,  i t  can Se  s e e n  c l e a r l y  t h a t  t h e  o u t -  
come of t h e  two games do  n o t  a c c o r d  w i t h  t h e  d i v i s i o n s  based  on 
demand p r o p o r t i o n a l i t y .  

I n  o r d e r  t o  make it e a s i e r  t o  compare t h e  d i f f e r e n t  methods 
w i t h  t h e  outcomes of  t h e  t w o  games A and B, w e  s h a l l  u s e  t h r e e  
measures  of  d i f f e r e n c e ,  namely t h e  f o l l o w i n g :  

1 )  The sum of  a b s o l u t e  d i f f e r e n c e s .  With T i  a s  t h e  t h e o r e t -  
i c a l  v a l u e  and E i  a s  t h e  e x p e r i m e n t a l  v a l u e  f o r  p a r t y  i ,  
t h e  measure  is :  



2 )  The sum of t h e  s q u a r e d  d i f f e r e n c e s :  

compared t o  measure  1 ,  t h i s  g i v e s  a  h i g h e r  r e l a t i v e  we igh t  
t o  l a r g e  d i s c r e p a n c i e s .  

3 )  The sum o f  t h e  r e l a t i v e  s q u a r e d  d i f f e r e n c e s ,  i . e . ,  of  t h e  
s q u a r e d  d i f f e r e n c e s  a f t e r  d i v i d i n g  e a c h  d i f f e r e n c e  by t h e  
t h e o r e t i c a l  v a l u e :  

The i d e a  b e h i n d  t h i s  measu re  i s  t h a t  a  d i f f e r e n c e  i s  more 
i m p o r t a n t  i f  it i s  r e l a t i v e l y  l a r g e  i n  compar i son  w i t h  
t h e  " e x p e c t e d "  v a l u e .  

W e  l i s t  t h e  methods  i n  o r d e r  o f  i n c r e a s i n g  d i f f e r e n c e  w i t h  
t h e  outcome i n  t h e  s t u d i e d  game. When o n e  method i s  b e t t e r  
w i t h  r e g a r d  t o  - two m e a s u r e s  t h a n  a n o t h e r ,  i t  i s  r e g a r d e d  t o  
have  a  l o w e r  d i f f e r e n c e  t h a n  t h e  o t h e r .  W e  t h u s  p r e s e n t  t h e  
t a b l e s  f o r  game A ( T a b l e  3 )  and game B ( T a b l e  4 ) .  I n  t h e s e  
t a b l e s ,  w e  compare t h e  outcome o f  t h e  s t u d i e d  game w i t h  e a c h  o f  
t h e  t h e o r e t i c a l  methods as  w e l l  a s  t h e  f o r e c a s t i n g  method " t h a t  
t h e  outcome w i l l  be  t h e  same a s  i n  t h e  Swedish game."* A s  re- 
a r d s  b o t h  games, w e  see t h a t  a l l o c a t i o n  a c c o r d i n g  t o  w a t e r  de-  
mand g i v e s  by f a r  t h e  g r e a t e s t  d i f f e r e n c e .  T h i s  m i g h t  b e  
s u r p r i s i n g  t o  t h e  e x t e n t  t h a t  t h e  p l a y e r s  i n  many o f  t h e i r  
a l l o c a t i o n s  u s e d  w a t e r  demand a s  a  b a s i s  f o r  t h e  d i v i s i o n s .  I t  
must  be  remembered, however ,  t h a t  t o t a l  c o s t s  were n e v e r  a c t u a l l y  
a l l o c a t e d  i n  p r o p o r t i o n  t o  w a t e r  demand. Only c o s t  s a v i n g s  were 
t h u s  a l l o c a t e d ,  and  it a p p e a r s  t h a t  t h i s  o n l y  happened  when t h e  
c o s t  s a v i n g s  were s o  c o m p a r a t i v e l y  s m a l l  t h a t  it would n o t  
g r e a t l y  m a t t e r  w h e t h e r  o n e  a l l o c a t e d  i n  a c c o r d a n c e  w i t h  w a t e r  
demand o r  some o t h e r  c r i t e r i o n .  

F u r t h e r m o r e ,  t h e  n o r m a t i v e l y  " b e s t "  method,  t h e  Weak L e a s t  
C o r e ,  i s  t h e  worse  o f  t h e  r e m a i n i n g  methods.  The t h r e e  b e s t  
methods a r e  t h e  SCRB, t h e  S h a p l e y  Value  and t h e  N u c l e o l u s ,  w i t h  
t h e  l a t t e r  b e i n g  t h e  b e s t  i n  Game B.  The d i f f e r e n c e  i n  outcome 
between game A and  game B i s  f a i r l y  g r e a t ,  f a r  g r e a t e r  t h a n  t h e  
d i f f e r e n c e  between t h e  Swedish  and t h e  I t a l i a n  game. 

* S i n c e  t h e  outcome o f  t h e  I t a l i a n  game i s  v e r y  s i m i l a r  t o  
t h a t  of  t h e  Swedish game, it h a s  been l e f t  o u t .  The d i f f e r e n c e  
measu res  I ,  11, and  I11 when a p p l i e d  t o  a  compar i son  between 
t h e  outcomes i n  t h e  Swedish  game and t h e  I t a l i a n  game w e r e  o n l y  
1 . 4 ,  0 . 4 ,  and 0.1 r e s p e c t i v e l y .  



Table 3. Game A. 

Difference Measures 

- -  - 

SCRB 

Shapley 

Game B 

Nucleolus 

Swedish Game 

Prop. Weak Core 

Weak Least Core 

Water Demand 

Table 4. Game B. 

Difference Measures 

Nucleolus 

SCRB 

Shapley 

Prop. Least Core 

Weak Least Core 

Swedish Game 

Game A 

Water Demand 



F u r t h e r m o r e ,  w e  see t h a t  t h e  d i f f e r e n c e  be tween  t h e  o u t -  
comes i n  games A a n d  B compared t o  t h e  o r i g i n a l  Swedish  game 
a r e  a l s o  c o n s i d e r a b l e .  

5 )  GENERAL COMMENTS 

I n  s p i t e  o f  t h e s e  d i f f e r e n c e s ,  t h e r e  a r e ,  however ,  some 
t r a i t s  t h a t  a r e  common t o  a l l  t h e  games p l a y e d  t h i s  f a r :  

1 )  The a l l o c a t i o n  p r o p o r t i o n a l  t o  demand h a s  b e e n  f a r  w o r s e  
a s  a p r e d i c t o r  o f  outcome t h a n  any  o f  t h e  o t h e r  me thods  
d i s c u s s e d  h e r e .  

2 )  Of t h e  f o u r  game t h e o r e t i c  m e t h o d s ,  t h e  Weak L e a s t  C o r e  
h a s  i n  a l l  f o u r  games f a r e d  worse, w i t h  t h e  p r o p o r t i o n a l  
L e a s t  C o r e  f o l l o w i n g  a s  t h e  s e c o n d  worse .  The S h a p l e y  
Va lue  and  t h e  N u c l e o l u s  h a v e  a l t e r n a t e d  b e i n g  t h e  b e s t .  

3 ? I n  none  o f  t h e  f o u r  games h a s  t h e  s o l u t i o n  been  i n  t h e  
core. * 

4 )  I n  e v e r y  game t h e  c o a l i t i o n  f o r m a t i o n  p r o c e s s  s t a r t e d  
w i t h  some smaller c o a l i t i o n s  b e i n g  fo rmed ,  t h e n  g o i n g  
o n  t o w a r d s  l a r g e r  c o a l i t i o n s .  

5) I n  a l l  o f  t h e  f o u r  games,  t h e r e  was some k i n d  o f  r e a s o n i n g  
o f  t h e  f o l l o w i n g  t y p e : * *  When a  l a r g e r  c o a l i t i o n  was b e i n g  
formed,  o n e  seemed t o  g o  i n  w i t h  some i d e a  o f  " in-coming"  
costs f rom a n  e a r l i e r  p h a s e  a n d  o n e  t h e n  computed t h e  
s a v i n g s  f rom f o r m i n g  t h e  l a r g e r  c o a l i t i o n .  One t h e n  
t u r n e d  t h e  d e c i s i o n  t o w a r d s  t h e  q u e s t i o n  o f  d i v i d i n g  t h e s e  
s a v i n g s  i n  o r d e r  t o  f i n a l l y  d e d u c t  t h e s e  a l l o c a t e d  s a v i n g s  
f rom t h e s e  in -coming  c o s t s .  

F i n a l l y ,  t h e r e  s h o u l d  b e  a  comment o n  t h e  g e n e r a l  d i f f e r -  
e n c e  i n  p l a y i n g  be tween  t h e  s t u d e n t s  i n  games A a n d  B h e r e ,  a n d  
t h e  p l a y i n g  by p r o f e s s i o n a l  p e o p l e  i n  t h e  t w o  e a r l i e r  games.  
T h e r e  was ,  a s  s e e n  f rom t a b l e s  3  and  4 ,  a  s u b s t a n t i a l  d i f f e r e n c e  
i n  t h e  f i n a l  ou tcome .  

*As r e g a r d s  games A a.nd B ,  see pp.  6 a n d  7  above .  I n  t h e  
Swedish  a n d  I t a l i a n  games,  t h e  o n l y  v i o l a t i o n s  o f  t h e  core con-  
c e r n e d  t h e  c o a l i t i o n  AKLMT. S i n c e  L  p a i d  9 . 1 0  (Swedish  game) 
a n d  8.88 ( I t a l i a n  game) i n  t h e  g r a n d  c o a l i t i o n ,  t h e  f i v e  p a r t i e s  
A ,  K ,  L, M a n d  T would  have  been  b e t t e r  o f f  p a y i n g  t h e  c o s t  o f  
AKLMT o f  73 .97 ,  w h i c h  i s  9 .85  lower t h a n  t h e  g r a n d  c o a l i t i o n  
cost o f  83 .82 .  T h e  s o l u t i o n  was ,  however ,  i n  t h e  e q u a l  d i v i s i o n  
core s i n c e  73 .79 /5  = 14.758.  

**Al though t h i s  may n o t  b e  s e e n  c l e a r l y  f rom t h e  d e s c r i p t i o n  
of G a m e  B a b o v e ,  r e a s o n i n g  o f  t h i s  t y p e  d i d  i n  f a c t  t a k e  p l a c e  
a l s o  i n  Game B. 



There  a l s o  appeared  t o  be a  d i f f e r e n c e  a s  r e g a r d s  t h e  
n e g o t i a t i o n  p rocedure .  The s t u d e n t s ,  e . g . ,  s p e n t  much more 
time on c a l c u l a t i o n s .  I n  t h e  e a r l i e r  games, o n l y  one  c a l c u l a t o r  
was s u p p l i e d  f o r  e a c h  group.  I n  games A and B ,  each  g roup  had 
t w o  c a l c u l a t o r s  and y e t  t h e r e  was a  g r e a t  demand f o r  a d d i t i o n a l  
c a l c u l a t o r s .  Fur the rmore ,  t h e  whole n e g o t i a t i o n  p r o c e s s  i n  t h e  
s t u d e n t  games a p p e a r e d  t o  be c h a r a c t e r i z e d  by more t i m e  p r e s s u r e  
t h a n  i n  t h e  e a r l i e r  games. The s t u d e n t s ,  e . g . ,  b a r g a i n e d  up 
t o  t h e  v e r y  l a s t  minu te .  There  a l s o  appeared  t o  b e  a  somewhat 
g r e a t e r  p r o p e n s i t y  among t h e  s t u d e n t s  t o  c a l c u l a t e  a  d i v i s i o n  
w i t h o u t  r e a l l y  t h i n k i n g  t h r o u g h  t o  what  e x t e n t  t h e  d i v i s i o n  pro-  
c e d u r e  r e a l l y  was mean ingfu l .  T h i s  comment a p p l i e s ,  f o r  
i n s t a n c e ,  t o  t h e  d i v i s i o n  o f  t h e  c o s t  s a v i n g s  i n  p r o p o r t i o n  t o  
water demand. (See  page  6 ) .  

Fur the rmore ,  i t  appeared  t h a t  t h e  s t u d e n t s  f o c u s s e d  some- 
what  more on t h e  d i v i s i o n  a s p e c t s ,  and less on t h e  c o a l i t i o n  
f o r m a t i o n s  s t r a t e g y  a s p e c t s  compared t o  t h e  p l a n n e r s .  The 
s t u d e n t s  formed,  a s  ment ioned,  i n  s e v e r a l  c a s e s  t h r e e - p a r t y  
c o a l i t i o n s ,  t h a t  l e a d  t o  no c o s t  s a v i n g s  compared t o  a  two- 
p a r t y  and one-par ty  c o a l i t i o n .  F i n a l l y ,  t h e r e  w e r e  a s  i n d i c a t e d ,  
two i n s t a n c e s  when a  c o a l i t i o n  r e g i s t r a t i o n  was withdrawn,  s i n c e  
it was found t h a t  i n d i v i d u a l  r a t i o n a l i t y  was v i o l a t e d .  

I t  i s  v e r y  h a r d  t o  b e l i e v e  t h a t  t h e s e  d i f f e r e n c e s  w e r e  due  
t o  t h e  d i f f e r e n t  p r i z e  s t r u c t u r e  (see p. 3 )  . * The d i f f e r e n c e  
must  r a t h e r  l i e  i n  t h e  d i f f e r e n c e  i n  background o f  t h e  p a r t i c i -  
p a n t s .  One d i f f e r e n c e  might  l i e  i n  t h e  e x t e n t  t o  which t h e  
p l a y e r s  w e r e  accustomed t o  working under  stress i n  a  n e g o t i a t i o n  
env i ronment .  Another  d i f f e r e n c e  i n  t h e  p l a y i n g  migh t  b e  a t t r i b -  
u t e d  t o  a  g r e a t e r  h a b i t  among t h e  p l a n n e r s  t o  t r y  t o  f o c u s  on 
t h e  most r e l e v a n t  a s p e c t s ,  and l e s s  on computa t ions .  

Summing up, t h e  exper iment  h e r e  a p p e a r s  t o  conf i rm o u r  
working h y p o t h e s i s  t h a t  a  s u b s t a n t i a l  d i f f e r e n c e  i n  p l a y i n g  
b e h a v i o r  migh t  be e x p e c t e d  between a c t u a l  d e c i s i o n  makers and 
s t u d e n t s .  S i n c e  t h e  u l t i m a t e  purpose  o f  o u r  r e s e a r c h  on 
o p e r a t i o n a l  gaming i s  t o  g i v e  some a i d  w i t h  r e g a r d  t o  r e a l  
d e c i s i o n  making, o u r  o r i g i n a l  d e c i s i o n  t o  t r y ,  a s  f a r  a s  
p o s s i b l e ,  t o  g e t  r e a l  d e c i s i o n  makers i n v o l v e d  i n  t h e  Games 
t h u s  a p p e a r s  t o  b e  b a s i c a l l y  c o r r e c t .  

*The d i f f e r e n c e s  n o t e d  above,  e x c e p t  f o r  t h e  n e a r  v i o l a -  
t i o n  o f  i n d i v i d u a l  r a t i o n a l i t y  i n  two c a s e s ,  h a r d l y  seems t o  
be  due  t o  l a c k  of  m o t i v a t i o n .  Fur the rmore .  s t u d e n t  comments 
i n d i c a t e d  h i g h  m o t i v a t i o n  t o  p l a y  w e l l .  

A p r i z e  s t r u c t u r e  t h a t  would have l e a d  t o  s i g n i f i c a n t l y  h i g h e r  m o t i v a t i o n  would 
p r o b a b l y  have  had t o  i n v o l v e  c o n s i d e r a b l y  more money t h a n  was 
i n v o l v e d  i n  t h e  Swedish and I t a l i a n  games (see f o o t n o t e  on p. 3 ) .  



APPENDIX: GAME INSTRUCTIONS 

You have been invited to participate in a simple game. 

The game concerns the allocation of costs in a water 
project. This project aims at bringing stimulating liquid to 
six municipalities. You will represent one of these. On 
this occasion, as the sole representative of this municipality, 
you will represent both the producer and the consumer side. 

YOU will participate in this project either completely 
on your own, or in cooperation with one or several of the 
other participants in the game, who are acting as representa- 
tives for other municipalities. 

~ l l  in all, representatives of six municipalities, called 
A ,  H, K, L, M, and T, participate in the game. All 
participants (=  municipalities) must in some way take part in 
the water project, but their costs will depend on how they form 
coalitions with other participants. 

should a municipality not enter into coalition with any 
other municipality, it will pay that sum in the allocated 
table which represents what each municipality would be obligated 
to pay if acting alone. 

Each player can, however, by acting skillfully both during 
the formation of coalitions and during the allocation of the 
total costs within the coalition, get away with a lower payment, 
in some cases, a considerably lower one. 

The details of the game are as follows: 



BY l o t t e r y ,  e a c h  p l a y e r  i s  a s s i g n e d  t h e  role  o f  t h e  
r e p r e s e n t a t i v e  o f  o n e  o f  t h e  s i x  m u n i c i p a l i t i e s .  Next  e a c h  
p l a y e r  o b t a i n s  t h e  a f o r e m e n t i o n e d  sum o f  money c o r r e s p o n d i n g  
t o  t h e  maximum amount t h a t  h e  m i g h t  have  t o  p a y ,  s h o u l d  h e  
p a r t i c i p a t e  i n  t h e  water p r o j e c t  c o m p l e t e l y  on h i s  own. 
A f t e r  t h i s ,  t h e  p l a y e r s  s i t  down a r o u n d  t h e  t a b l e  a n d  t h e  
c o a l i t i o n - f o r m a t i o n  n e g o t i a t i o n s  c a n  b e g i n .  

The p l a y e r s  t h e n  mus t  t r y  t o  form c o a l i t i o n s  a n d  r e a c h  
a g r e e m e n t  on how much e a c h  o f  t h e  p a r t i c i p a n t s  i n  t h e  formed 
c o a l i t i o n  s h a l l  pay  o f  t h e  t o t a l  cost  t o  t h e  who le  c o a l i t i o n .  
T h i s  t o t a l  cos t  f o r  e a c h  p o s s i b l e  c o a l i t i o n  i s  s e e n  i n  t h e  
a t t a c h e d  t a b l e .  

TOTAL COST OF EACH POSSIBLE COALITION 
(in Mkr. = Millions of Swedish crowns) 

AHK 

AHL 

AHM 

AHT 

AKL 

AKM 

AKT 

ALM 

ALT 

M+lT 

HKL 

HKM 

HKT 

HLM 

HLT 

HMT 

KLM 

KLT 

KMT 

LMT 

AHKL 

AHKM 

AHKT 

AHLM 

AHLT 

AHMT 

AKLM 

AKLT 

ALMT 

HKLM 

HKLT 

HKMT 

HLMT 

KLMT 

AKMT 

AHKLM 

AHKMT 

AHLMT 

AHKLT 

AKLMT 

HKLMT 

AHKLMT 

[ o r  87.821 

DATA ON WATER DE.YAND 

3 
Water Demand: (Mm / y r )  6.72 8.23 3.75 3.53 14 .64  5.39 



( A s  n o t e d  above ,  t h e  c o s t  of  t h e  g rand  c o a l i t i o n  AHKLMT, 
w i l l  e i t h e r  be  87.82 mkr. o r  83.82 mkr depending on whe the r  
t h e  government  w i l l  g i v e  a  s p e c i a l  s u b s i d y  o f  4 mkr. f o r  t h e  
p l a n t  of  t h i s  c o a l i t i o n .  No government s u b s i d y  w i l l  b e  g i v e n  
t o  any c o a l i t i o n  o t h e r  t h a n  t h e  grand c o a l i t i o n  AHKLMT. 
Whether t h e  s u b s i d y  r e a l l y  w i l l  be p a i d  o r  n o t  w i l l  n o t  be 
d e t e r m i n e d  u n t i l  a f t e r  t h e  game i s  f i n i s h e d ,  w i t h  e i t h e r  e v e n t  
b e i n g  e q u a l l y  l i k e l y .  T h e r e f o r e ,  e v e r y  g rand  c o a l i t i o n  must 
r e g i s t e r  two payment d i s t r i b u t i o n s ,  one  f o r  t h e  c a s e  when c o s t s  
a r e  87.82 and t h e  o t h e r  f o r  t h e  c a s e  when c o s t s  a r e  83.82 rnkr.) 

AS soon a s  t h e  f i r s t  c o a l i t i o n  h a s  been formed and agree -  
ment h a s  been reached  a s  t o  t h e  a l l o c a t i o n  o f  t h e  t o t a l  c o s t s  
of  t h i s  c o a l i t i o n  among i t s  members, t h e y  r e g i s t e r  t h e  c o a l i -  
t i o n  w i t h  t h e  game d i r e c t o r .  H e  w i l l  t h e n  r e c o r d  t h e  names 
of t h e  c o a l i t i o n  p a r t i c i p a n t s ,  a s  w e l l  a s  t h e  payment e a c h  o f  
them would make toward  t h e  t o t a l  c o s t s  o f  t h e  c o a l i t i o n .  Once 
a  c o a l i t i o n  h a s  been r e g i s t e r e d ,  i t s  c o n t e n t ,  i .e .  t h e  
p a r t i c i p a n t s  and t h e  c o s t  a l l o c a t i o n ,  i s  announced t o  a l l  
p a r t i c i p a n t s  o f  t h e  game. 

A c o a l i t i o n  d o e s  n o t  come i n t o  f o r c e ,  however,  u n t i l  15 
m i n u t e s  have e l a p s e d  s i n c e  i t s  r e g i s t r a t i o n ,  and t h e n  o n l y  
p r o v i d e d  t h a t  none o f  i t s  members h a s  been r e g i s t e r e d  i n  a n o t h e r  
c o a l i t i o n  d u r i n g  t h i s  p e r i o d .  Hence a  p l a y e r  c a n  l e a v e  one  
c o a l i t i o n  and j o i n  a n o t h e r  i n  o r d e r  t o  d e c r e a s e  t h e  amount o f  
h i s  payment. F u r t h e r m o r e ,  a  c o a l i t i o n  d i s s o l v e s  by r e g i s t e r i n g  
a  new c o a l i t i o n  w i t h  a d d i t i o n a l  members. For  new c o a l i t i o n s ,  
t h e  r u l e  s t i l l  a p p l i e s  t h a t  i t  d o e s  n o t  come i n t o  f o r c e  u n t i l  
it h a s  been r e g i s t e r e d  unchanged f o r  15  minu tes .  

~ f  t h e  p l a y e r s  of  a  c o a l i t i o n  b e f o r e  t h e s e  15 m i n u t e s  
have  e l a p s e d  s t i l l  want  t o  remain i n  t h e  game, t h e y  can  do  s o  
by once  more r e g i s t e r i n g  t h e  same c o a l i t i o n  a s  p r e v i o u s l y .  
The p l a y e r s  w i l l  t h e n  remain i n  t h e  game f o r  a t  l e a s t  a n o t h e r  
1 5  m i n u t e s .  

once  a  c o a l i t i o n  h a s  come i n t o  f o r c e ,  each  of i t s  
members conf i rms  w i t h  t h e  game l e a d e r  t h a t  h i s  m u n i c i p a l i t y  
i s  w i l l i n g  t o  pay t h e  amount ag reed  upon a t  t h e  t i m e  o f  t h e  
r e g i s t r a t i o n .  These  p a r t i c i p a n t s  t h e n  c e a s e  t o  t a k e  an a c t i v e  
p a r t  i n  t h e  game, b u t  may remain a t  t h e  t a b l e  i f  t h e y  w i s h  
t o  do  s o .  

The game c o n t i n u e s  i n  t h i s  way u n t i l  a l l  p a r t i c i p a n t s  
a r e  members of  a  c o a l i t i o n  which h a s  come i n t o  f o r c e  ( w i t h  
t h e  p o s s i b l e  e x c e p t i o n  o f  a  s i n a l e  " l e f t o v e r "  p a r t i c i p a n t ) .  
Should  t h e  game c o n t i n u e  more t h a n  90  m i n u t e s  from t h e  t i m e  
o f  i t s  s t a r t ,  it  w i l l  b e  b rough t  t o  a n  end and t h o s e  c o a l i -  
t i o n s  r e g i s t e r e d  ( b u t  n o t  b roken)  a t  t h e  t i m e  w i l l  come i n t o  
f o r c e .  

F i n a l l y ,  it s h o u l d  b e  s t r e s s e d  t h a t  t h e  aim o f  t h e  game 
i s  t o  shed l i g h t  on how m u n i c i p a l i t i e s  n e g o t i a t e  i n  t h e  f i e l d  
of  w a t e r  r e s o u r c e s  and what would be  r e a s o n a b l e  c o s t  a l l o c a -  
t i o n  models  i n  t h i s  a r e a .  Hence it i s  i m p o r t a n t  t h a t  you t r y  



as much as possible to act as one could expect a representative 
for a municipality to act during such negotiations where the 
economic interest of the municipality are at stake. 

A prize will be given to that player who according to 
the judgement of the game leader acts as the most skillful 
representative for his municipality among the twelve players 
taking part in the two games. 
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