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1 . INTRODUCTI ON 

'Two heads a r e  b e t t e r  than  one '  - t h e  o l d  adage i s  a normative 

p r e s c r i p t i o n  f o r  decision-making i n  uns t ruc tu red  environments. The 

combined i n s i g h t  and judgement o f  s e v e r a l  people can sometimes b r i n g  

s u f f i c i e n t  ' s t ruc t .u re f  t o  a d e c i s i o n  s i t u a t i o n  t o  enab le  a  s o l u t i o n  t o  

b e  a t t a i n e d .  Moreover m o t i v a t i o n s  can b e  improved and subsequent  

implementation problems l e s sened  by p a r t i c i p a t i o n  i n  t h e  

decision-making process  ( Nunford , [ 1980 I 1. Often t h e  group p rocess  o f  

' r a t i o n a l i z i n g '  the  problem reduces  p o t e n t i a l  c o n f l i c t ;  it a l s o  

s e r v e s  t o  make decision-making more c o n s i s t e n t  and f a c i l i t a t e s  t h e  

p rocess  o f  ' s e l l i n g '  t h e  group cho ice  t o  o t h e r s  i f  t h i s  i s  necessary .  

Thus t h e r e  a r e  impor tac t  r easons  f o r  cons ide r ing  group r a t h e r  

t h a n  i n d i v i d u a l  decision-making i n  t h e  con tex t  of  Decision Sugport  

Systems (DSS). To what e x t e n t  h a s  t h i s  been recognized i n  e x i s t i n g  

DSS des igns?  There a r e  a  number of  examples i n  t h e  l i t e r a t u r e  o f  

groups o f  d e c i s i o n  makers coopera t ive ly  s o l v i n g  problems u s i n g  

computer a i d s .  One example i s  provided by t h e  Geodata Analysis  and 

Display System (GADS) which was used by groups of p o l i c e  o f f i c e r s  t o  

des ign  p o l i c e  b e a t s  (Car l son  and Su t ton ,  [ 1974 ]  ) and a group o f  schoo l  

o f f i c i a l s  t o  forn  a d i s t r i c t i n g  p l a n  (Holloway and Nactey, [1976] ) .  

However i n  both  o f  t h e s e  c a s e s  t h e  DSS could have been used by a 

s i n g l e  decision-makier and it i s  n o t  c l e a r  whether t h e  system des ign  

was a l t e r e d  i n  any way t o  f a c i l i t a t e  croup a s  opposed t o  i n d i v i d u a l  

decision-making. This  seems t o  b e  t r u e  o f  most DSS's. Indeed a l a r q e  

p a r t  of  t h e  l i t e r a t u r e  focuses  on t h e  problem of i n d i v i d u a l  

d i f f e r e n c e s  i n  c o g n i t i v e  s t y l e  (Mason and Mitroff  [1973] ) .  The 
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i n f e r e n c e  b e i n g  t h a t  t h e  systern ( o r  a t  l e a s t  t h e  u s e r  i n t e r f a c e )  would 

b e  t s i l o r e d  t o  each user-perhaps based on whether they  a r e  ' a n a y t i c s '  

o r  ' i n t c i t i v e s '  . 
I n  t h i s  paper we d i s c u s s  some s p e c i a l  problens  and o p p o r t u n i t i e s  

i n  p rov id ing  compu,ter suppor t  f o r  coopera t ive  decision-making. W e  u se  

t h i s  term broadly  meaning on iy  t h a t  a  number o f  i n d i v i d u a l s  a c t  

j o i n t l y  t o  make d e c i s i o n s  a s  i n  a team, a conunittee, o r  a c r o s s  a  

ba rga in ing  t a b l e .  The decision-making process  may t h e r e f o r e  have t o  

r e s o l v e  d i f f e r e n t  p e r c e p t i o n s  o f  t h e  underlying problem, d i f f e r e n t  

o b j e c t i v e s  on t h e  p a r t  o f  t h e  decision-makers, ? o l i t i c s ,  p e r s o n a l i t y  

c l a s h e s  e t c .  Thus, depending i n  p a r t  on t h e  degree  o f  coopera t ion  

e x h i b i t e d  by t h e  group, t h e  DSS usage p a t t e r n s  a r e  l i k e l y  t o  be  ve ry  

d i f f e r e n t  f o r  t h e  mul t ipc r son  case .  Even when a h igh  degree  of  

coopera t ioc  i s  p r e s e n t  group decision-naking can b e  markedly 

d i f f e r e n t .  For example, Henderson and Ingraham [1981],  found a change 

i n  informat ion  usage p a t t e r n s  when i n d i v i d u a l  u s e r s  o f  a  DSS were 

brought t o g e t h e r  f o r  j o i n c  decision-making sess ions .  

Group 6ecision-making i s  l i k e l y  t o  b e  r e l a t i v e l y  more 

' u n s t r u c ~ u r e d '  t!!an i n d i - ~ i d u a i  decis ion-aaking f o r  two reasons :  ( 1 )  

groups a r e  o f t e n  f o m e d  t o  b r i n g  c o l l e c t i v e  judgenent and i n t u i t i o ~  t c  

bea r  on very  'wicked' problems; ( 2 )  t h e  presence  o f  more than  one 

person w i l l  complicate t h e  s i t u a t i o n  by i n t r o d u c i n g  a need f o r  

conununication and c o o r d i n a t i o n  t o  r e s o l v e  p e r c e p t u a l  and m o t i v a t i o n a l  

difference;. Thus t h e  p rocess  by which judgements a r e  found and 

d e c i s i o n s  ~ a d e  i s  l i k e l y  t o  he  more i n p o r t a n t  when d e s i g n i n g  a DSS f o r  

c o l l e c t i v e  r a t h e r  than i n d i v i d u a l  decision-making. 
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I n  t h e  nex t  s e c t i o n  w e  develop t h e  not ion  of  ' c a g n i t i v e  a i d f  a s  a  

conceptual  approach t o  a s s i s t i n g  t h e  group decision-making. Ic 

S e c t i o n  3 we d i s c u s s  some genera l  i m p l i c a t i o n s  o f  j o i n t  

decision-making f o r  DSS design.  An example o f  t h e  des ign  o f  a 

cogn i t ive -a id .  based on Saaty '  s 'Ana ly t i c  Hierarchy Process '  (AHP) 

(Saa ty ,  [19801)  is desc r ibed  i n  Sec t ion  4.  

2. CMPUTER AIDS FOR UNSTRUCTURED DECISICN MAKING -- 

The t r a d i t i o n a l  no t ion  of  DSS i s  t h a t  i t  i s  u e f u l  i n  

' s emi - s t ruc tu red '  dec i s ion  s i t u a t i o n s  where it i s  n o t  p o s s i b l e  o r  n o t  

d e s i r a b l e  t o  have an automated system per fo rn  "he e n t i r e  d e c i s i o n  

p rocess  (Keen and Scott-Morton, [19781, Ginzberg and S t o h r ,  [I9871 ). 

I n  t h i s  s e c t i o n  we a t tempt  t o  c l a r i f y  c h i s  idea  and t h e  propose t h a t  

more a t t e n t i o n  be  given by DSS r e s a r c h e r s  t o  t h e  c o n s t r u c t i o n  o f  

computerized a i d s  t h a t  can he lp  i a  t h e  c r e a t i v e  t a s k  o f  ' s t r u c t u r i n g '  

an i n i t i a l l y  u n s t r u c t u r e d  s i t u a t i o n .  S p e c i f i c  examples o f  such a i 2 s  

w i l l  be given i n  l a t e r  s e c t i o n  of t h e  paper.  

Our viewpoint  i s  shown i n  Figure 1. Computerized DSS o p r a t e  on 

t h e  ' s t r u c t u r a b l e '  p a r t  of t h e  d e c i s i o n  s i t u a t i o n .  They p rov ide  

i n f o r n a t i o n  t h a t  i s  combined with t h e  judge ien t  and i n t u i t i o n  of  t h e  

decision-makers t o  provide  a  s o l u t i o n .  

What do we mean by t h e  ' s t r u c t u r e d '  and ' u n s t r u c t u r e d '  p a r t s  o f  a  

d e c i s i o n  s i t u a t i o n ?  Adopting a  d e c i s i o n  t h e o r y  frm'ework, i n  o rde r  t o  

s t r u c t u r e  a  d e c i s i o n  we must determine:  ( 1 ) a  s e t ,  S ,  o f  r e l e v a n t  

s t a t e s  of  t h e  world ( 2  a  p r o b a b i l i t y  measure, p ,  on S, ( 3  1 a  s e t  o f  

a l t e r n a t i v e  a c t i o n s ,  P., ( 4 )  a  log ica l -va lued  f u n c t i o n ,  f ,  on SxA which 
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determines  whether o r  n o t  an a c t i o n - s t a t e  p a i r  i s  ' f e a s i b l e ' .  ( 5 )  A 

se t  o f  consequences, C ,  ( 5 )  a  mapping, r ( c a l l e d  t h e  ' r e s u l t '  

f u n c t i o n )  from SxA i n t o  C and (7 1 a  rea l -valued u t i l i t y  f u n c t i o n ,  u, 

d e f i n e d  on C. 

Under t h i s  framework a  problem is uns t ruc tu red  t o  t h e  e x t e n t  t h a t  

it i s  im_wssible  t o  s p e c i f y  ( e i t h e r  e x p l i c i t l y  o r  i m p l i c i t l y  v i a  

procedures)  one o r  more of  S , A , C l p l f , r  o r  u. A t  a  more g e n e r a l  l e v e l  

o f  d i scourse  a  problem is u n s t r u c t u r e d  i f :  ( 1  ) c a u s e - e f f e c t  

r e l a t i o n s h i p s  a r e  unkown o r  p a r t i a l l y  unknown, ( 2 )  e r e  i s  

u n c e r t a i n t y  ( r a t h e r  t h a n  r i s k )  , ( 3  1 v a r i a b l e s  a r e  n o t  measurable i n  

any p h y s i c a l  sense o r  a r e  q u a l i t a t i v e  and n o t  s u s c e p t i b l e  t o  numerical  

r e p r e s e n t a t i o n ,  ( 4  t h e r e  a r e  m u l t i p l e  c o n f l i c t i n g  g o a l s  and 

decision-makers can n o t  oxpress  t h e i r  t r a d e - o f f s  i n  term.; o f  a  h i g h e r  

l e v e l  goal .  

I m p l i c i t  i n  t h i s  d e f i n i t i o n  o f  t h e  s t r u c t u r e d  and u n s t r u c t a r $ d  

p a r t s  o f  a  d e c i s i o n  s i t u a t i o n  i s  t h e  ques t ion  of  computab i l i ty .  The 

s t r u c t u r e d  p a r t '  - can be  ( but i s  n o t  n e c e s s a r i l y )  computerized, t h e  

' uns t ruc tu red  p a r t '  can n o t  be  computerized. This  s t i l l  l e a v e s  open 

t h e  ques t ion  of  whether t h e  u n s t r u c t u r e d  p a r t  can b e  o rgan ized  

( s t r u c t u r e d ! )  a t  a  h i g h e r  l e v e l  o f  a b s t r a c t i o n  by human be ings  who 

sometines seem q u i t e  capab le  o f  reasoning e f f e c t i v e l y  w i t h  

q u a l i t a t i v e ,  ' fuzzy '  concepts  and r e l a t i o n s h i p s .  

Turning now t o  a  c o n s i d e r a t i o n  o f  t h e  DSS i t s e l f ,  t h e r e  a r e  t h r e e  

phases i n  i t s  develo_ment and use:  

( 1  ) Recognizing t h a t  a p a r t  o f  a  d e c i s i o n  s i t u a t i ~ n  can be  s t ruc t71red ,  

2rganlz inq t h a t  s t r u c t u r e  and des ign ing  and implementing t h e  DSS. 
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( 2 )  Retr ieving information by using the  DSS - espec ia l ly  during 

s e n s i t i v i t y  t e s t i ng .  

( 3 )  Using t h e  in forna t ion  from phase 2 i n  a judgement process 

involving the  non-structured elements of the  decis ion s i t ua t ion .  

All t h r ee  phases can severely t e s t  human capab i l i t i e s .  Note t h a t  

Phase 1  (designing the  DSSI is  i n i t i a l l y  a  semi-structured t a s k  which 

h a s  caused a  number of  researchers  t o  advocate a  cooperative 

evolutionary bui lding process involving i t e r a t i o n s  of a l l  t h r ee  phases 

(Keen, 119801 1. 

Hammond, [1975], has  suggested the  concept of a ' cogni t ive  a i d '  

a s  a  means of helping decision-nakers ' ex te rna l ize '  o r  s t r u c t u r e  t h e i r  

problems and f a c i l i t a t i n g  goal congruence and c o n f l i c t  reso lu t ion .  

Arguing t h a t  'wise dec is ions  a r e  i n  shor t  supply because of t k c  

l imi ted  capacity c h m n  cogni t ion i n  r e l a t i o n  t o  t he  complex 

problems t h a t  confront it' he i l l u s t r a t e s  t h e  use of i n t e r a c t i v e  

camputer graphics and mul t ip le  regress ion  techniques a s  a  means of 

reveal ing the parameters of human judgertents i n  spec i f i c  s i t u a t i o n s .  

sorrowing Hanmond's term can we bu i ld  cogni t ive  a i d s  

(supplensntary t o  t he  CSS model i t s e l f )  t o  a s s i s t  i n  t he  t h r e e  s t ages  

of DSS developnent and.use? 

The remainder of t h i s  paper w i l l  address t h i s ,  

quest ion-par t icular ly  with  regard t o  t he  key phase 3 .  Our concept o f  . 
a cognitive-aid is s imi l a r  t o  Hammond's except t h a t  w e  emphasize 

on-line r ea l - t i ne  support  f o r  t h e  decis ion process ( s e e  Figure 2 ) -  

Unlike DSS models which provide an analogue of the  r e a l  world system 
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under s tudy,  c o g n i t i v e  a i d s  focus on t h e  decision-making p rocess  

i t s e l f .  They may t h u s  u t i l i z e  concepts  from dec i s ion  theory ,  game 

t h e o r y  and psychology. 

There a r e  t h r e e  p o s s i b l e  ways i n  which a camputerized 

cogn i t ive -a id  may .work: 

( 1 )  I t  might b e  used t o  h e l p  -- move t h e  boundary between what i s  

s t r u c t u r e d  and uns t ruc tu red  - by, f o r  example, h e l p i n g  u s e r s  d i s c o v e r  

and q u a n t i f y  t h e  components S ,A,C ,p , f , r  and u  o f  t h e  under ly ing 

d e c i s i o n  problem. 

( 2 )  I t  might be  used t o  gu ide  t h e  use  o f  t h e  DSS model by o rgan iz ing  

t h e  p rocess  o r  sequence through which informat ion  i s  r e t r i e v e d  from 

the model and a s s i ~ i l a t e d  by t h e  u s e r s .  I n  t h i s  c a s e  it would operate 

i n  t h e  i z t e r f a c e  Setween t h e  s t r u c t u r e d  and uns t ruc tu red  p a r t s  o f  t h e  - - 
d e c i s i o n  process .  

( 3 )  I t  m i ~ h t  be  used t o  h e l p  u s e r s  manipulate i n t u i t i v e  and 

j u d g e m e ~ t a l  r e l a t i o n s h i p s  i e .  it would o p e r a t e  e n t i r e l y  i n  t h e  

u n s t r u c t m e d  part of  t h e  decision-making process.  Note t h a t  t h i s  u s e  

is c o n t r a d i c t o r y  t o  o u r  previous  d e e i n i t i o n s  u n i e s s  w e  assume t h a t  t h e  

computer programs ( o r  r a t h e r  t h e i r  a e s i g n e r s )  do n o t  ' unders tand '  t h e  

h igher  l e v e l  concepts  and i s s u e s  t h a t  a r e  be ing  represen ted  and 

manipulated. 

A t  a  more d e t a i l e d  l e v e l  some o b j e c t i v e s  of a  cogn i t ive -a id  might  

. 
( 1 )  To a id  t h e  decision-making p rocess  by ex tend ing  human memory and 

computational c a p a b i l i t i e s  

( 2  1 To ' e x t e r n a l i z e '  t h e  judgement p r o c e s s  by making t h e  s t r u c t u r a l  
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elements - g o a l s  and nesns  t o  achieve them - e x p l i c i t .  

( 3 )  To guide  decision-making by encouraging a  s y s t e n a t i c  approach and 

providing cues  sugges t ive  of  new a l t e r n a t i v e s  snd g o a l s  t o  be 

.a  e r s  cons idered  by decis ion-n  k 

( 4 )  To record  the i n t e r a c t i o n  p rocess  s o  t h a t  back-tracking and 

h i s t o r i c  r ecords  a r e  p o s s i b l e .  

( 5  ) To process  and combine s u b j e c t i v e  e v a l u a t i ~ n s  made by d i f f e r e n t  

p a r t i c i p a n t s  i n  t h e  decision-making process .  

Some c o g n i t i v e  a i d s  can  b e  used independently of any f o r n  of 

in fo rmat ion  r e t r i e v a l  o r  modell ing suppor t .  However, a s  suggested 

l a t e r ,  d a t a  base and modeling f a c i l i t i e s  may cnhance t b e r  use .  Other 

c o g n i t i v e  a i d s  a r e  designed s p e c i f i c a l l y  t o  suppor t  t h e  use of  DSS o r  

management s c i e n c e  models. Examples i n c l u d e  d a t a  base  a i d s  and 

sys te r i a t i c  p r o t o c o l s  t o  h e i p  t h e  u s e r  3ur ing  s e n s i t i v i t y  a n a l y s i s .  

Note t h a t  t h e s e  may be b u i l t  i n t o  t h e  model l icg  so f tware  i t s e l f  ( a s  i n  

i n t e r a c t i v e  m u l t i - c r i t e r i a  decision-making (MCDX) packages - Ziont  and 

Wallenius [I9761 ) i n s t e a d  of  be ing s e p a r a t e  sub-systems a s  dep ic ted  i n  

Figure  2. F i n a l l y  it i s  conceivable  t h a t  t h e  s t r a t e g i e s  f o r  

ca ~ l v e  o rgan iz ing  sys temat ic  s e a r c h  where t h e  sub-prcblems a r e  quant;'-"' 

a lgor i thms ( f o r  t e s t i n g  f e a s i b i l i t y  o r  f i n d i n g  opt imal  s o l u t i o n s )  can 

b e  used i n  uns t ruc tu red  s i t u a t i o n s  where t h e  sub-problems aze  

q u a l i t a t i v e  and solved. ( f o r  ' f e a s i b i l i t y '  and ' o p t i m a l i t y '  ), by 

s u b j e c t i v e  judgements. 

. 
I t  must be  eriphasized t h a t  t h e  i d e a  of  cogn i t ive -a ids  i s  a l r e a d y  

i m p l i c i t  i n  a l l  DSS work. What i s  be ing  e ? ~ h a s i z e d  he re  i s  merely t h e  

p o s s i b i l i t y  of  providing something more than j u s t  a u s e r - f r i e n d l y  o r  
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i n d i v i d u a l l y - t a i l o r e d  u s e r  i n t e r f a c e  t o  t h e  DSS. The e x t r a  dimension 

i s  t h e  a t t empt  t o  e x p l i c i t l y  guide  u s e r s  dur ing  t h e  judgemental,  

i n t u i t p r e  s t a g e s  o f  decision-making . 

3. COOPERATIVE D E C I S I O N  MAKING 

What a r e  t h e  i m p l i c a t i o n s  f o r  DSS of  group r a t h e r  than  i n d i v i d u a l  

decision-making? I n  t h i s  s e c t i o n  w e  d i s c u s s  t h r e e  s e t s  o f  f a c t o r s :  

o r g a n i z a t i o n a l ,  mot iva t iona l  and c o g n i t i v e .  For each we deduce some 

g e n e r a l  i m p l i c a t i o n s  f o r  c o o p e r a t i v e  DSS des ign  an? i l l u s t r a t e  some 

p o s s i b i l i t i e s  f o r  computer sup-wrt.  Some of t h e s e  p o s s i b i l i t i e s  a r e  

c o g n i t i v e  a i d s  a s  desc r ibed  i n  t h e  previous  s e c t i o n .  

3.1 Crqan iza t iona l  Fac to r s  

Organ iza t iona l  structure and p rocesses  i m p s e  a  need f o r  

c o o r d i n a t i o n  o f  a c t i v i t i e s  and o f  t h e  d e c i s i o n s  l e a d i n g  t o  t h e s e  

a c t i v i t i e s .  R e s p o n s i b i l i t i e s  a r e  d i v i d e d  axd r o l e  r e l a t i o n s h i p s  

complex. Each i n d i v i d u a l  w i l l  have ' l o c a l '  knowledge n o t  a v a i l & l e  t o  

o t h e r s .  The budgeting and planning p rocesses  o f  l a r g e  o r g a n i z a t i o n s  

r e q u i r e  coopera t ive  decision-making by hundreds o f  i n d i v i d u a l s  and a r e  

prime cand ida tes  f o r  computer a s s i s t a n c e .  S i m i l a r l y  t h e  c o n t r o l  o f  

s c a r c e  r e sources  such a s  i n v e n t o r i e s  between m u l t i p l e  l o c a t i o n s  o f t e n  

r e q u i r e s  j o i n t  decsion-making . Depending on one'  s view-point one may 

o r  may no t  view computerized systems t o  sup_wr t  such a c t i v i t i e s  a s  DSS 

(Keen, [I980 I ) . But t h e  s i m i l a r i t i e s  may be more important  t h a n  t h e  

d i f f e r e n c e s .  An example of  a  DSS network of  dec i s ion-cen te r s  each 

h a v i l g  some l o c a l  autonoay bu t  a l s o  engaginq i n  j o i n t  decis ion-nakinq 

i s  provided by t h e  Hertz system f o r  c o n t r o l l i n g  the  d i s p o s i t i o n  o f  
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r e n t a l  c a r s  ( E d e l s t e i n  and Melnyk, [19811). Such systems r e q u i r e  

e f f i c i e n t  means f o r  d i s semina t ing ,  and c o l l e c t i n g  and aggrega t ing  

in fo rmat ion .  They a l s o  need a p ro toco l  o r  a lgor i thm t o  c o o r d i n a t e  t h e  

decision-making a c t i v i t y .  Note t h a t  t h e s e  a lgor i thms  a r e  q u i t e  

d i f f e r e n t  t o  those  developed by Marshak and Radner [I9721 who a l s o  

c o n s i d e r  j o i n t  decision-making i n  o r g a n i z a t i o n s  s i n c e  t h e i r  purpose 

was t o  provide  ' r u l e s '  f o r  opt imal  decision-making i n  t h e  absence o f  

t h e  kinds o f  communication f a c i l i t i e s  be ing  z ~ n s i d e r e d  he re .  

3 . 2  Motivat ional  Factors  

Decision-making is  o f t e n  a c o l l e c t i v e  endeavor; t h e  f i n a l  

d e c i s i o n  ' un fo lds '  through a p rocess  o f  d e f i n i t i o n ,  l e a r n i n g ,  

unders tanding and re-assessment (Zeleny,  [ I 9 7 5  1 1. Xanagers c o n s u l t  

wi th  t h e i r  subord ina tes ,  p e e r s  and s u p e r v i s o r s  b e f o r e  making a 

d e c i s i o n .  C o l l e c t i v e  judgements a r e  used t o  provide  a ' c o n s e n s u s ' ,  

compromises a r e  made and b a r g a i n s  s t r u c k .  Th i s  s o c i a l  p rocess  a i d s  

mot iva t ion  and reduces t h e  p o t e n t i a l  f o r  c o n f l i c t .  Furthermore 

managers ( a s  opposed t o  d a t a  p rocess ing  p r o f e s s i o n a l s )  have h i g h  

s o c i a l  needs (Couger, 1980).  To b e  accepted  t h e r e f c r e  t h e  c o o p e r a t i v e  

DSS u s e r  i n t e r f a c e  must suppor t  ( o r  a t  l e a s t  n o t  impede) croup 

i n t e r a c t i o n .  Some t echno log ica l  advances such a s  l a r g e  sc reen  d e v i c e s  

and vo ice  r ecogn ize r s  obvious ly  remove some t e c h n i c a l  b a r r i e r s .  

However t h e r e  has  been l i t t l e  r e s e a r c h  o r  exper ience  i n  t h i s  a r e a .  

The presence  of  more than  one decision-maker w i l l  normally mean 

more than one view of t h e  a p p r o p r i a t e  system o r  o r g a n i z a t i o n a l  g o a i s .  

Often ind iv idua l  o b j e c t i v e s  and g o a l s  w i l l  compl ica te  t h e  i s s u e  g i v i n g  

r i s e  t o  a  d i f f i c u l t  m u l t i p l e  c r i t e r i a  decision-makins (MCDM) 
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s i t u a t i o n .  There a r e  t h e o r e t i c a l  problems a s s o c i a t e d  wi th  

i n t e r p e r s o n a l  comparisons o f  u t i l i t i e s  and t h e  aggrega t ion  o f  

i n d i v i d u a l  p re fe rences  t o  form a s o c i a l  p re fe rence  func t ion .  

Never theless ,  such problems do g e t  so lved i n  p r a c t i c e  ( s e e  Keeney and 

R a i f f a  El9781 Chapter 10 f o r  a  d i s c u s s i o n  and pro-posed s o l u t i o n  

t e c h n i q u e ) .  I n t e r a c t i v e  MCDM techniques,  such a s  t h o s e  proposed by 

Zeleney, 119751 and Z ion t s  and Wallenius E19761, i n  which 

decision-maker(s)  r e v e a l  t h e i r  p re fe rences  through i n t e r a c t i o n  w i t h  a 

computer program a r e  u s e f u l  c o g n i t i v e  a i d s  i n  group a s  we l l  a s  i n  

i n d i v i d u a l  decision-naking s i t u a t i o n s .  

Group decision-making o f t e n  invo lves  ba rga in ing  and c ~ n f l i c t  

r e s o l u t i o n .  A n  e x c e l l e n t  example i s  provided by union c o n t r a c t  

n e g o t i a t i o n s  where DSS mcdels a r e  o f t e n  used by one o r  bo th  p a r t i e s  t o  

compute t h e  c o s t s  and t r ade -o f f s  involved wi th  v a r i o u s  c o n t r a c t  

p rov i s ions .  Shakun, [7981],  d e f i n e s  a  c o n f l i c t  a s  a  problem which 

i n i t i a l l y .  h a s  no f e a s i b l e  s o l u t i o n .  He proposes a franework f o r  

genera t ing  new g o a l s  and means u n t i l  a  f e a s i b l e  s o l u t i o n  i s  ob ta ined .  

T h i s ,  and many o t h e r  concepts  from game t h e o r y  could provide  t h e  b a s i s  

f o r  c o g n i t i v e  a i d s  i n  t h e  sense  of  t h i s  paper.  

3 . 3  Cognit ive Fac to r s  

The limits o f  human c o g n i t i v e  a b i l i t y  provide  a compell ing reason  

f o r  cons ider ing  coopera t ive  DSS. A s imple  model of  t h e  h m a n  mind i s  

provided by Schneiderman, [1980]. There a r e  t h r e e  e lements :  

long-tern memory wi th  v i r t u a l l y  un l imi ted  c a p a c i t y ,  shor t - te rm menory 

which handL2s inccming i n f o m a t i o n  and has  a  s t r i c t l y  l i m i t e d  c a p a c i t y  

and working memory which performs l o g i c a l ,  computat ional  and 
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( 2 )  Retr ieving information by using the  DSS - espec ia l ly  during 

s e n s i t i v i t y  t e s t i ng .  

( 3 )  Using t h e  in forna t ion  from phase 2 i n  a judgement process 

involving the  non-structured elements of the  decis ion s i t ua t ion .  

All t h r ee  phases can severely t e s t  human capab i l i t i e s .  Note t h a t  

Phase 1  (designing the  DSSI is  i n i t i a l l y  a  semi-structured t a s k  which 

h a s  caused a  number of  researchers  t o  advocate a  cooperative 

evolutionary bui lding process involving i t e r a t i o n s  of a l l  t h r ee  phases 

(Keen, 119801 1. 

Hammond, [1975], has  suggested the  concept of a ' cogni t ive  a i d '  

a s  a  means of helping decision-nakers ' ex te rna l ize '  o r  s t r u c t u r e  t h e i r  

problems and f a c i l i t a t i n g  goal congruence and c o n f l i c t  reso lu t ion .  

Arguing t h a t  'wise dec is ions  a r e  i n  shor t  supply because of t k c  

l imi ted  capacity c h m n  cogni t ion i n  r e l a t i o n  t o  t he  complex 

problems t h a t  confront it' he i l l u s t r a t e s  t h e  use of i n t e r a c t i v e  

camputer graphics and mul t ip le  regress ion  techniques a s  a  means of 

reveal ing the parameters of human judgertents i n  spec i f i c  s i t u a t i o n s .  

sorrowing Hanmond's term can we bu i ld  cogni t ive  a i d s  

(supplensntary t o  t he  CSS model i t s e l f )  t o  a s s i s t  i n  t he  t h r e e  s t ages  

of DSS developnent and.use? 

The remainder of t h i s  paper w i l l  address t h i s ,  

quest ion-par t icular ly  with  regard t o  t he  key phase 3 .  Our concept o f  . 
a cognitive-aid is s imi l a r  t o  Hammond's except t h a t  w e  emphasize 

on-line r ea l - t i ne  support  f o r  t h e  decis ion process ( s e e  Figure 2 ) -  

Unlike DSS models which provide an analogue of the  r e a l  world system 
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'b ra in-s torming ' .  Computer suppor t  f o r  t h i s  kind of  a c t i v i t y  can  

probably on ly  be  i n d i r e c t ;  an informat ion  r e t r i e v a l  system an2 easy- 

t o - u s e  computat ional  f a c i l i t y  might b e  u s e f u l  The second p o s s i b l e  

approach i s  t o  provide:  !1) c h e c k l i s t s  t o  ensure  t h a t  major a s p e c t s  

o f  t h e  problen  s t r u c t u r e  a r e  covered and ( 2 )  prompts and cues  f o r  

p o s s i b l e  new s e a r c h  d i r e c t i o n s .  Reitinan, [ 1981 I d i s c u s s e s  t h e  use  o f  

a r t i f i c i a l  i n t e l l i g n e c e  techniques  and a knowledge base  t o  h e l p  

s t r u c t u r e  problems and sugges t  d e c i s i o n  a l t e r n a t i v e s .  

There a r e  a number o f  reesons  why hunan decision-makers have 

d i f f i c u l t y  i n  p e r c e i v b g  t h e  s t r u c t u r e  of  a d e c i s i o n  s i t u a t i o n :  t h e  

s i z e  of  t h e  system t o  b e  analyzed i s  t o o  g r e a t ;  r e l a t i c n s h i p s  between 

d e c i s i o n  elemexts a r e  u n c e r t a i n ,  anhiguous o r  confused;  wishes a r e  

confused wi th  f a c t 5  and ends wi th  means; iznportant v a r i a b l e s  a r %  

immeasurable. 

The f i r s t  i s s u e  concerns  s i z e  complexity.  No one person can  

f u l l y  comprehend a modern bus iness  system. To cope wi th  t h i s  systems 

a r e  broken down i n t o  a number of  in te rconnec ted  p a r t s .  Usually a 

h i e r a r c h i c a l  s t r u c t u r e  i s  imposed (Simon 119691) and a team approach 

i s  used. The l a t t e r  induces  a need f o r  a language o f  communication 

( da ta  a d m i ~ i s t r a t i c n  f u n c t i o n )  . Another u s e f u l  computer a i d  which 

addresses  t h e  problem of s i z e  complexity i s  S t r u c t u r a l  Modelling (SM) 

(Hansen, e t  a l ,  [ 1 9 7 9 ] ) .  B r i e f l y  s t a t e d  SN. a c c e p t s  i n f o r n a t i o n  frqm 

one o r  more u s e r s  concerning r e l a t i o n s h i p s  between p a i r s  o f  system 

elementsT: what precedes  what? h i a t  a f f e c t s  what? These i n p u t s  a r e  

analyzed t o  produce a g r a p h i c a l  p o r t r a y a l  of  precedence r e l a t i o n s h i p s  

and a break-dotin of  t h e  s y s t e r  i n t o  ' l e v e l s '  . 
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The nex t  i s s u e  invo lves  p e r c e p t u a l  confusion and might be  termed 

t h e  s t r u c t u r a l  ambiguity o f  t h e  d e c i s i o n  t a s k .  A r t i f i c i a l  

i n t e l l i g e n c e  techniques  such a s  t h e  means-ends a n a l y s i s  o f  t h e  General  

Problem s o l v e r  ( ~ r n s t a n d  Newell, [ 1969 1 ) sugges t  u s e f u l  h e u r i s t i c s  b u t  

have  n o t  y e t  been app l i ed  t o  l a r g e  s c a l e  p r a c t i c a l  systems. The AHP 

approach ( S a a t y ,  [19811) copes wi th  s t r u c t x r a l  ambiguity b y  imposing a 

h i e r a r c h i c a l  view and is  sugges t ive  o f  some h e u r i s t i c s  t h a t  may b e  

u s e f u l  a s  desc r ibed  l a t e r .  I t  a l s o  a t t a c k s  t h e  immeasurabi l i ty  

problem by p rov id ing  a systematic means f o r  incopora t ing  s u b j e c t i v e  

measures o f  importance and providing an automat ic  check f o r  t h e  

cons i s t ency  of  t h e  judgements. 

The use  of a group o f  e x p e r t s  i s  ano the r  approach t o  overcoming 

u n c e r t a i n t y  and uns t ruc tu redness .  .In example i s  t h e  Delphi  

f o r e c a s t i n g  technique  (L ins tone  and Turof f , [ 1974 I 1 . Obvious1 y a 

computer-based DSS u t i l i z i n g  e l e c t r o n i c  m a i l  coulc? f a c i l i t a t e  t h e  use  

o f  t h i s  method s i n c e  t h e  i d e n t i t y  o f  t h e  p a r t i c i p a n t s  i s  n o t  r e v e a l e d  

dur ing  t h e  process .  There i s  a need h e r e  f o r  a subsystem t h a t  can  

ccinbine e x p e r t  judgenents  (Winkler , [ 1987 I 1. 

Complexity and uns t ruc tu redness  w i l l  remain an i s s u e  f o r  

r e s o l u t i o n  by human beings .  Coopera t ive  e f f o r t s  probably  provide  t h e  

b e s t  a v a i l a b l e  approach ( s e e  Churchman, [ 1971 I f o r  a d i s c u s s i o n  o f  a 

' d i a l e c t i c '  approach t o  o rgan iz ing  t h e  r e q u i r e d  i n t e r a c t i o n ) .  
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Sununary 

I n  t h i s  s ec t i on  we have surveyed some of t h e  o rgan iza t i ona l ,  

mot iva t iona l  and cogni t ive  i s sues  t h a t  may e f f e c t  DSS design i n  

coopera t ive  s i t ua t i ons .  These f a c t o r s  and some suggested approaches 

t o  designing computer a i d s  a r e  summarized i n  Table 1. The l is t  i s  

meant t o  be  suggestive but  by no means exhaustive. 

4. AN EXAMPLE OF A COOPERATIVE DSS - - - - 
4.1 In t roduc t ion  

I n  t h i s  s ec t i on  we br ing  together  by means of an example t h e  two 

main themes of  t h i s  paper - group decision-making and computer support  

f o r  unstructured decision-making. 

4.2 The Analytic Hierarchy Process - 
AHP (Saaty,  I f 9 8 0 1  ) is a  method f o r  s t ruc tu r ing  complex 

ind iv idua l  o r  grocp dec is ion  s i t u a t i o n s  involving s u b  j e c t i v  e  

q u a l i t a t i v e  elements and in t e r r e l a t i onsh ips .  I t  i s  based on t h e  

'premise  t h a t  humans cope with such s i t u a t i o n s  by grouping r e l a t e d  

f a c t o r s  i n t o  h ie ra rch ica l  l e v e l s .  The top-level ( root-nole f is  t h e  

o v e r a l l  ob j ec t i ve  t o  be  achieved; each lower l e v e l  c o n s i s t s  o f  a  

number of elements t h a t  ' in f luence '  t he  elements a% t h e  next  higher  

l eve l .  The elements may be conro l lab le  o r  uncontrol lable ,  Usually,  

t h e  elements i n  t h e  lowest l e v e l  represen t  the  f i n a l  dec i s ion  - f o r  

example a c t i v i t i e s  t o  which a resource must be  a l l oca t ed  o r  d i s c r e t e  

choices  such a s  candidates  t h a t  m i ~ h t  be h i r ed  i n  a personnel 

s e l ec t i ok  problem. An example h ie ra rchy  adapted from Saaty,  [1980] is 

shown i n  Figure 3. 
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Given an element, X I  i n  t h e  h ie ra rchy  t h e  d e c i s i o n  p r o c e s s  

proceeds  by r e q u e s t i n g  each decision-maker t o  a s s i g n  a n m e r i c a l  

measure o f  importance ( i n  t h e  range 1 t o  9) t o  t h e  a f f e c t  on x of e a c h  

element i n  t h e  n e x t  lower l e v e l .  Thus t h e  cho ice  process  i s  

broken-down i n t o  a s e r i e s  o f  pa i rwise  comparisons. The problem is 

so lved  n m e r i c a S l y  u s i n g  an eigenvalue method based on t h e  theory  o f  

p o s i t i v e  r e c i p r o c a l  ma t r i ces .  The ' s o l u t i o n '  is  i n  t h e  form of a 

r a t i o  s c a l e  of  weights  a s s igned  by t h e  computation p rocess  t o  t h e  

e lements  a t  t h e  lowest  l e v e l  i n  t h e  h ie ra rchy .  

The method invo lves  some redundancy i n  in fo rmat ion  c o l l e c t i o n  

s i n c e ,  a t  each s t e p  n(n-1)/2 comparisons a r e  made whereas o n l y  n-1 

weights  would be  necessary  t o  rank n elements.  Th i s  redundancy 

improves t h e  q u a l i t y  o f  t h e  judgenent p rocess  through an ave rag ing  

e f f e c t ;  it a l s o  a l lows a cons i s t ency  check t o  be  computed t h u s  

p rov id ing  a measure of  t h e  r e l i a b i l i t y  o f  t h e  f i n a l  choice .  

The a p p l i c a t i o n  o f  t h e  method i n  a  group s i t u a t i o n  invo lves  t h e  

f o r n a t i o n  of consensus judgements, concerning both  t h e  o b j e c t i v e s  and 

s t r u c t u r e  of t h e  d e c i s i o n  problem t h u s  c o n t r i b u t i n g  t o  t h e  

' e x t e r n a l i z a t i o n '  of t h e  problem and t o  f i n a l  acceptance  o f  t h e  

s o l u t i o n .  Other advantages o f  t h e  approach a r e :  

( 1 )  reduct ion  i n  c o n p l e x i t y  o f  t h e  cho ice  p r o c e s s  th rough  

d i saggrega t ion  i n t o  a s e r i e s  o f  pa i rwise  judgements, 

( 2 )  it can be used were t h e  f a c t o r s  involved c o n s i s t  o f  p re fe rence  and 

va lue  judgements t h a t  can n o t  be  measured i n  any p h y s i c a l  sense ,  

( 3 )  it i s  easy t o  app ly  
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Many examples of app l i ca t i ons  a r e  discussed i n  Saaty,  [1980], I t  

i s  used rou t ine ly  b y  t he  RCA corporation f o r  computer equipment and 

software package evaluat ion ( Abbas , [I981 1 ) . 

4.3 AHP a s  a  Coanitive Aid 

When AHP i s  applied i n  p r a c t i c e  t h e  computer i s  used i n  a  pa s s ive  

sense - i e .  t o  perform t h e  computations o f f - l i ne  from the  human 

judgement process. We now explore  t h e  poss ib le  use of AHP concepts i n  

a  cogni t ive  a id  used i n  real-t ime by a  group of decision-makers. We 

assume: ( 1 )  the  exis tence of s u i t a b l e  graphics i npu t  and ou tpu t  

devices  so t h a t  drawing t h e  h i e r a r ch i e s  i s  a s  easy a s  ( s ay )  us ing  a  

black-board: ( 2  1 a  DBMS with a  query language i n t e r f a c e ,  ( 3  ) a  

modeling f a c i l i t y  and ( 4 )  s t a t i s t i c a l  da ta  ana lys i s  rou t ines .  

S t ruc tur ina  the Problem 

The f i r s t  s t e p  i s  t o  untangle t h e  complicated web of goa l s ,  

sub-goals , ac to r s  an3 t h e i r  ob j ec t i ve s  , p o l i c i e s  and scenar ios  t h a t  

cons i t u t e  the  problem. Some ways i n  which the  cogni t ive  a i d  can 

a s s i s t  a r e  now discussed.  

Experience has shown t h a t  t h e  gener ic  meanings of t h e  var ious  

l e v e l s  i n  ac tua l  h ie ra rch ies  (eg .  focus ( o v e r r a l l  o b j e c t i v e ) ,  primary 

f a c t o r s ,  a c to r s ,  ob jec t ives ,  scenar ios  i n  F i g w e  3 )  a r e  c o n s i s t e n t  

wi thin  a  c l a s s  of problem domains (Saa ty ,  p r i v a t e  conversation) . For 

example i n  an equipnent s e l e c t i o n  problem t h e  l e v e l s  a r e  l i k e l y  t o  be;  

focus (ove ra l l  o b j e c t i v e ) ,  c r i t e r i a ,  sub-cr i t e r  i a  , 

sub-sub-cri teria, .  . , equipnent purchase a l t e r n a t i v e s .  Moreover t h e  

kinds of f a c t o r s  used a t  each l e v e l  show consistency.  Thus 

decision-makers cculd be aided by: ( 1 ) t h e  a b i l i t y  t o  r e t r i e v e  and 
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d i s p l a y  h i e r a r c h i e s  used f o r  s i m i l a r  prob1m.s ( 2 ) a man-machine 

d ia logue  i n  whish t h e  computer would sugges t  t h e  f a c t o r s  t h a t  might  

a p p l y  a t  each l e v e l .  Thus i n  an ecpipnent  s e l e c t i o n  probl= t h e  

sugqes ted  second-level c r i t e r i a  l i s t  might inc lude:  u s e r  convenience,  

vendor suppor t ,  t e c h n i c a l  q u a l i t y ,  e t c .  

A l t e r n a t i v e l y  t h e  decision-makers might e l e c t  t o  develop t h e i r  

own s t r u c t u r e .  The v a r i o u s  systems components could  b e  i n p u t  i n  a  

random p iecexea l  f a sh ion  a s  t h e  group a t t empts  t o  s t r u c t u r e  t h e i r  

problem. A combination o f  g raph ics  and s t r u c t u r a l  model l ing  

t echn iques  ( s e e  e a r l i e r )  could  be used keep t h e  d i sp layed  system bo th  

c u r r e n t  and i n t e r n a l l y  c o n s i s t e n t .  A number of  d i f f e r e n t  v e r s i o n s  

could be  cons t ruc ted  by each p a r t i c i p a n t  f o r  l a t e r  d i s p i a y  and 

d i s c u s s i o n  mt i l  a consensus i s  f o m e d .  The d e f i n i t i o n s  c f  each l e v e l  

and e l a n e n t  i n  t h e  h i e r a r c h y  a r e  d i scussed  and recorded i n  t h e  

da tabase .  

The Judgement Process .- 

During t h i s  ' p r i o r i t i z a t i o n n '  phase o f  AHP t h e  p a i r w i s e  

comparisons a r e  ca r r i ed -ou t  and s u b j e c t i v e  weights  ass igned.  These 

can  b e  a r r i v e d  a t  e i t h e r  by d i s c u s s i o n  l e a d i n g  t o  a  consensus o r  b y  

each i n d i v i d u a l  r e c o r d i n g  h i s / h e r  e v a l u a t i o n  inzependent ly  i n  t h e  

da tabase .  I n  t h e  l a t t e r  c a s e  each u s e r  might  be  provided w i t h  a 

s u i t a b l e  hand-held i n p u t  dev ice .  A Delphi- l ike  i t e r a t i v e  approach 

could be used wi th  t h e  computer a c t i n g  a s  t h e  c e n t r a l  

message-?witching agent .  A l t e r n a t i v e l y  t h e  i n d i v i d u a l  a s s e s s n e n t s  

could be au tomat ica l ly  aggregated  t o  f o m  t h e  consensus r e s u l t .  
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There  a r e  s e v e r a l  advantages t o  t h e  automation of  t h i s  p rocess :  

( 1 )  t l e  g r a p h i c a l  d i s p l a y  can b e  used t o  a l t e r n a t i v e l y  focus  a t t e n t i o n  

on t h e  p a r t i c u l a r  s t e p  be ing  performed (Sy  'zooming-in' on a p a r t  of 

t h e  h i e r a r c h y )  o r  on t h e  t o t a l  p i c t u r e .  

( 2 )  t h e  p rev ious ly  recorded d e f i n i t i o n s  can b e  d i sp layed  a t  

a p p r o p r i a t e  t imes a s  an a i d  t o  meqory. 

( 3 )  t h e  p a r t i c i p a n t s  could work through t h e  he i ra rchy  i n  any d e s i r e d  

o r d e r  wi th  t h e  computer prompting t o  ensure  completeness 

( 4 )  t h e  cons i s t ency  measures f o r  each group o f  e v a l u a t i o n s  could  b e  

d i sp layed  a t  t h e  e a r l i e s t  p o s s i b l e  t imes  

( 5 )  t h e  computer could p rov ide  a warning i f  t h e  b p u t e d  importance 

measures o f  any elextent o r  s e c t i o n  of  t h e  h i e r a r c h y  were l e s s  t h a n  

some a p p r o p r i a t e  thresh-hold va lue .  

( 6 )  the s t r u c t u r i n g  p rocess  could  be  r e e n t e r e d  a t  any t h e  t o  a d j u s t  

t h e  h i e r a r c y  i f  t h i s  i s  f e l t  t o  be  d e s i r a b l e  - perhaps because o f  ( 5 1 .  

( 7 )  t h e  query-language f a c i l i t y  could b e  invoked a t  any t i m e  t o  

r e t r i e v e  q u a n t i t a t i v e  o r  d e s c r i p t i v e  informat ion  t h a t  might b e  

r e l e v a n t  t o  a p a r t i c u l a r  s t e p  i n  t h e  judgement process .  

( 8 )  f i n a l l y ,  t h e  r e s u l t s  o f  t h e  a n a l y s i s  could b e  s t o r e d  i n  t h e  

da tabase  a s  an  h i s t o r i c  r ecord  and a l s o  o u t p u t  i n  t h e  f o m  of  a 

r e p o r t .  

Center for Digital Economy Research 
Stem School of Business 
IVorking Paper IS-81-27 



Page 20 

5 .  CONCLUSION 

I n  t h i s  paper we have scrveyed some of t he  f a c t o r s  t h a t  should be 

taken i n t o  account when designing DSS f o r  cooperative decision-making. 

We have suggested t h a t  t h e  process of decision-making w i l l  be . 
r e l a t i v e l y  more h p o r t a n c  i n  group a s  opposed t o  ind iv idua l  

decision-making s i t u a t i o n s  and have advocated t he  s tudy of computer 

a i d s  t h a t  address t h i s  i s sue .  
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